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Fig. 1. Time-dependent distributions of current density, electric field and heat generation 

in a multifilamentary model sample of YBCO coated conductor with AC transport current of 30 A and 2 Hz. 
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Fig. 2: Alternating current losses Q of bent superconducting
tapes as the function of the amplitude I0 of the ac transport
currents. The R is radius of the curvature and a R is the central
angle of the arc for the bent tape. 
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Table. 1  Specifications of sample conductors 
assembled conductor  

Number of coated conductors 2 or 4 

Insulation between strands no 

 300length (mm)

Coated conductor  

width (mm) 10 

thickness (mm) 0.14 

Ic 160(A)

 

 
Fig. 1  Frequency dependences of ac losses in assembled 
YBCO coated conductors 
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Measurement of AC current distributions in low-loss processed HTS tapes by a pickup coil array 
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Fig. 1  Overview of a pickup coil array. 

 

 
Fig. 2  Measured results of field distributions around the 
test conductor. 

Fig. 3  Calculated results of current distributions in the 
test conductor.
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Stress Measurement of HTS tapes using Pulsed Neutron Source 
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Fig. 2 Diffraction profile using TOF method in YBCO tape.   
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Correlation between peak strain of Ic-strain curve and thermal residual strain in YBCO coated conductor 
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IBAD/PLD GdBCO  

 

Estimation of in-field axial strain dependence in GdBCO coated conductors fabricated by 
IBAD/PLD process 

 

, , ( ); , , , , (SRL) 
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Relationship between Irreversible Fields and Elementary Pinning Forces by Point Defects in RE123 
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RE123  
Jc properties in high magnetic fields for the heavy-ion-irradiated RE123 films 
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Fig. 1  Field angular dependence of Jc at 60.0 K and 9, 17 T 
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Fig. 2  Temperature dependence of Jc at 17 T and 23, -23o 
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BaZrO3 Sm1+xBa2-xCu3Oy  

Flux pinning properties and microstructures of BZO-doped Sm1+xBa2 xCu3Oy thin films 
 prepared at various deposition temperatures

OZAKI Toshinori YOSHIDA Yutaka, ICHINO Yusuke, TAKAI Yoshiaki (Nagoya Univ.);  
ICHINOSE Ataru (CRIEPI); MATSUMOTO Kaname (Kyushu Inst. Tech.); 
HORII Shigeru (Kochi Univ. of Tech.); MUKAIDA Masashi (Kyushu Univ.)  

E-mail: ozaki_t@nuee.nagoya-u.ac.jp
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Fig. 1 Irreversibility line SmBCO including BZO nanorods 
films prepared at various deposited temperature for B//c.  
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Relationship between the interlayer distance and matching fields for very thin X-layer inserted 
MgB2 thin films (X: Ni, B) as artificial pinning layers 

 

DOI Toshiya HAKURAKU Yoshinori (Kagoshima Univ.); KITAGUCHI Hitoshi, TAKAHASHI Kenichiro NIMS  

E-mail: doi@eee.kagoshima-u.ac.jp

[1] H. Kitaguchi et.al., APL 85(2004)2842. 

[2] K. Nagatomoet.al., Physica C 426-431(2005)1459. 

[3] M. Okuzono et.al., IEEE Trans. Appl. Supercond. 

15(2005)3253. 

[4] M. Harutaet.al., JAP 102(2007)076114-1 

[5] K. Takahashi et al., Appl. Phys. Lett.92(2008)102510. 

[6] K. Takahashi et al., SuST. 22(2009)025008. 

[7]  44(2009)126.
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Trapped Field Properties for Superconducting Bulks with Strong Pinning Force by Pulse 
Field Magnetization 

 
 

MIURA Takashi,  FUJISHIRO Hiroyuki, and NAITO Tomoyuki  (Iwate Univ.) 
(E-mail:fujishiro@iwate-u.ac.jp) 
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Fig. 1. Trapped field profiles at Ts=20 K on the GdBaCuO bulk
36 mm in diameter after applying the pulse field of (a)
Bex=3.51 T, (b) Bex=4.68 T, (c) Bex=5.27 T and (d) Bex=6.37 T. 
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Enhancement of total trapped flux on large HTSC bulk magnetized by multi pulse technique 

FUJISHIRO Hiroyuki, KAKEHATA Kousuke, NAITO Tomoyuki (Iwate Univ.), 
YANAGI Yousuke and ITOH Yoshitaka (IMRA Material R&D) 

 (E-mail: fujishiro@iwate-u.ac.jp)  
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Fig. 1. The B TP(0.5mm) vs. the pulse number for the 
SPA+IMRA method (Ts=40 K, B1=6.6 T). 
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Fig. 2. The B TP(4mm) vs. the pulse number for the 
SPA+IMRA method (Ts=40 K, B1=6.6 T). The slopes of the 
BTFC(4mm) profiles are indicated for various Ts in FCM. 
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MMPSC+IMRA method for the 45 mm GdBaCuO bulk at [1] H. Fujishiro et al., Physica C 468 (2008) 1477. Ts=30 K [2] are also indicated. 
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YBCO NMR
Development of compact NMR magnet using YBCO thin films 

 
, S.Y. Hahn, M.C. Ahn, (MIT), V. John (AMSC)

S.B. Kim (Okayama University), S.Y. Hahn, M.C. Ahn, Y. Iwasa (MIT), V. John (AMSC) 
kim@elec.okayama-u.ac.jp 
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Fig.1  Conceptual drawing of a compact NMR magnet using  
                        HTS thin films. 
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Fig.2 Schematic scaled drawing for a single YBCO thin film and 
trapped field distribution by 0.1T. 

Fig.3 Measured axial magnetic field (Bz) profiles and magnetic field 
distribution at the center of z-axis. 
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Examination of optimal shape of pick up coil for 500MHz and 1.05GHzNMR 

HIDEKI Tomiyama, KAZUYUKI Takeda, KEIJI Aizawa , ATSUSHI Saito, SHIGETOSHI Ohshima (Yamagata UNIV);  
MASATO Takahasi, HIDEAKI Maeda (RIKEN) 

E-mail: ohshima@yz.yamagata-u.ac.jp 
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Table 1. Specifications of superconducting coil 
Number of turns 1500 

Number of double-pancakes 15 
Coil height 147.3 mm 

Inner diameter 66 mm 
Outer diameter 96 mm 
Critical current 49.4 A 

n value 12 

Superconducting tape
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Fig. 1 Cross section of HTS coil and magnetic fields 
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1B-a05 NMR
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1B-a07 HTS応用
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Development of current leads prepared by the TFA-MOD processed YBCO tapes  
(500 A-class current lead units and their properties) 

 

Kei SHIOHARA , Satoshi SAKAI, Yuichi ISHII, Yutaka YAMADA, Kyoji TACHIKAWA (Tokai University);  
Tsutomu KOIZUMI, Yuji AOKI, Takayo HASEGAWA (SWCC) 

E-mail:8aazm017@mail.tokai-u.jp 
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Fig. 1 500 A-class Current lead unit prepared by the 5 YBCO 
tapes on a GFRP board. 

 
 
 
 
 
 
 
 
 
 
 
 

Fig. 2 Transport performance of a current lead unit at 77 K in 
self-field. 

 
 
 
 
 
 
 
 
 
 
 
 
Fig. 3 Heat leakage of the current lead between 4.2 K and 77 K. 
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Development of highly effective conduction cooling technology of superconducting coil 

MITO Toshiyuki, YANAGI Nagato, TAMURA Hitoshi (NIFS); NATSUME Kyohei (SOKENDAI ;  
TAMADA Tsutomu, SHIKIMACHI Koji, HIRANO Naoki (CEPCO) 

e-mail: mito@LHD.nifs.ac.jp 

Fig. 1. Conduction cooled HTS coil with heat pipes.

 
Fig. 2. FEM model for the conduction cooled HTS coil.

 
Fig. 3. Temperature distribution with Al alloy cooling panels. 

 
Fig. 4. Temperature distribution with heat pipe cooling panels.. 
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NISHIMURA Arata (NIFS); TAKEUCHI Takao (JAEA); NISHIJIMA Shigehiro (Osaka Univ.); OCHIAI Kentaro (JAEA); 
WATANABE Kazuo, SHIKAMA Tatsuo (Tohoku Univ.) 

E-mail: nishi-a@nifs.ac.jp  
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Fig.1 A Result of Magnetic Shield Analysis, Cylindrical Shape

Fig.2 Temperature Distribution along a Variable Temperature
 Insert 

1B-p02 LHD / 核融合
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Results of lowering temperatures of the LHD helical coils by subcooling system. 
 

      NIFS ;   
IMAGAWA Shinsaku, OBANA Tetsuhiro, YANAGI Nagato, HAMAGUCHI Shinji, SEKIGUCHI Haruo,  

MITO Toshiyuki (NIFS), OKAMURA Tetsuji (Tokyo Institute of Technology) 
E-mail: imagawa@LHD.nifs.ac.jp 
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Fig.1. Minimum currents for dynamic propagation of a 
normal-zone, I(mp)*. Normal-zones in the LHD helical coil are 
estimated to be induced at the third layer. 
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Fig.3. Comparison of propagation velocities in the LHD helical 
coil and the model coil. 
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LHD
Design studies of the LHD-type fusion energy reactor with HTS option 

 
NIFS IPR

YANAGI Nagato, TAKAHATA Kazuya, MITO Toshiyuki, SAGARA Akio, IMAGAWA Shinsaku (NIFS);  
BANSAL Gourab (Institute for Plasma Research, India); IWAKUMA Masataka (Kyushu Univ.) 

E-mail: yanagi@LHD.nifs.ac.jp 

FFHR
 [1]

15-17 m 100 kA
Nb3Al

(CICC)
ITER

 [2]

Nb3Sn
 [3]

HTS
HTS

 [4]  

100 kA HTS R&D
Fig. 1 100 kA HTS

Y

HTS

10 kA

 [4]

Fig. 2

 

HTS

Fig. 2

Fig. 2

 

Fig. 1 Configuration of the 100 kA-class HTS conductor 
proposed for FFHR.  
 

 
Fig. 2 Upper: Magnetic surfaces calculated for FFHR-2m2 
Type-A (R = 17.33 m) with (a) and without (b) shielding 
currents. Lower: Spatial distributions of the radial component 
of the magnetic field inside the helical coil on the plane 
perpendicular to the winding direction.  

[1] A. Sagara et al., Fusion Eng. Des. 81 (2006) 2703.  
[2] S. Imagawa et al., Plasma and Fusion Res. 3 (2008) S1050. 
[3] K. Takahata et al., Fusion Eng. Des. 82 (2007) 1487.  
[4] G. Bansal et al., IEEE Trans. Appl. SC. 18 (2008) 1151.  
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Cavity type TESLA-like 
Vacuum vessel length (SS400) 5515 mm 
Vac. vessel outer diameter 965.2 mm 
Gas return pipe length  (SUS316L) 5832 mm 
Cold mass, kg  
     4 cavities 410 
     Gas return pipe 515 
     5 K shield (A1050) 185 
     80 K shield (A1050) 210 
     Helium supply pipe (SUS316L) 50 
Heat Load (Static, 4 Cavities), W Cal./Meas. 
     2 K 4.1/ 5.4 
     5 K 10.1 / 8.2 
     80 K 71.1/ 66.1 

[1] K. Tsuchiya, et al.: Abstracts of CSJ Conference, Vol. 79 
(2008), 2B-a01, p.123. 

[2] N. Ohuchi, et al.: Abstracts of CSJ Conference, Vol. 79 
(2008), 2B-a02, p.124. 

[3] K. Hara, et al., : Abstracts of CSJ Conference, Vol. 79 
(2008), 2B-a03, p.125. 
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OKAMOTO Hiroshi  HAYASHI Hidemi (Kyushu Electric Power Co.); IWAKUMA Masataka (Kyushu Univ.); YOSHIDA 
Shigeru(Taiyo Nissan); SAITO Takashi (Fujikura); AOKI Yuji (SWCC); ITO Takashi, TANABE Keiichi, SHIOHARA Yuh(SRL) 

Cu SC Cu Cu

1. H. Okamoto, et al.: Abstracts of CSJ Conference, Vol. 79 
(2008) p.91 

2. H. Okamoto, et al.: Abstracts of CSJ Conference, Vol. 76 
(2007) p.72 
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Fig.1 Degradation property of winding Ic 

Table 1 Targets of HTS power transformers 
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Fig. 2 Current-limiting property of stabilizing Cu.  
(1) Ag layer side, (2) Substrate side 
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Study on applicability of HTS induction/synchronous machine to automobile application  

NAKAMURA Taketsune, MATSUMURA Kazuhiro, NISHIMURA Toshiharu, NAGAO Kazumasa (Kyoto Univ.); ITOH Yoshitaka,  
TERAZAWA Toshihisa (IMRA); OKA Tetsuo (Niigata Univ.); OSAMURA Kozo (RIAS); AMEMIYA Naoyuki (Kyoto Univ.) 

E-mail: tk_naka@kuee.kyoto-u.ac.jp  
 

High 
Temperature Superconductor Induction/Synchronous Machine: 
HTS-ISM

HTS-ISM
Interior 

Permanent Magnet: IPM
[1]

HTS-ISM

 

Fig. 1
HTS 74 A@77 K

: 2.6 mm 10
1 1 : 74 

A 10= 740 A Fig. 2 HTS

 

Fig. 3 Fig. 2
40 Hz

250 V 80 Nm [2]

8 Nm
1

 

50 kW

1 Fig. 4
HTS-ISM IPM

[3]

 

Polyimide tape Copper bar

HTS tapes (End ring) HTS tapes (End ring)

HTS tapes (Rotor bar)

 
Fig. 1 Schematic diagram of a HTS rotor bar. 

 
Fig. 2 Fabricated HTS rotor. 
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Fig. 3 An example of torque curve at 77 K. 
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Fig. 4. An example of efficiency map of HTS-ISM obtained 

from electrical equivalent circuit. 

[1] 21 21  
  3 17 19  (2009 3 ) 5-116. 

[2] 21 21  
    3 17 19  (2009 3 ) 5-117. 
[3] R. H. Staunton et al., “Evaluation of 2004 Toyota Prius 

Hybrid Electric Drive System”, U.S. Department of 
Energy Report (DE-AC05-00OR22725) (2006) p. 34. 

1C-a04 電力応用 (1)



第80回　2009年度春季低温工学・超電導学会― 43 ―

Characteristic evaluation of MgB2 superconductor motor  

for liquid hydrogen circulation pump 

NAKAMURA Taketsune, YAMADA Yuki, SUGANO Michinaka (Kyoto Univ.); KAJIKAWA Kazuhiro (Kyushu Univ.);  
TAKAHASHI Masaya, OKADA Michiya (Hitachi, Ltd) 

E-mail: tk_naka@kuee.kyoto-u.ac.jp  
 

MgB2
(High Temperature Superconductor Induction/Synchronous 
Motor: HTS-ISM) [1,2]

 

MgB2 0.8 
mm PIT

20 K
n 336 A 180 [2] Fig. 1

MgB2 HTS

Fig. 2 HTS Fig. 3
 

20 K
Fig. 4

HTS-ISM 22 Nm [3]

MgB2 n
HTS-ISM

 

NEDO 20
08B38006a

[1] K. Kajikawa et al., IEEE Trans. Applied. Supercond.,  
in press. 

[2] 21 21  
  3 17 19  (2009 3 ) 5-120. 

[3] 21 21  
    3 17 19  (2009 3 ) 5-117. 

 

 
(a) Rotor bars             (b) End ring 
Fig. 1 Photographs of components for HTS cage windings. 

 
Fig. 2 A photograph of MgB2 cage rotor. 

 

 
Fig. 3 Photograph of cryostat. 
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Fig. 4 Analysis result of torque ( ) vs. slip (s) curve at 20 K, 
which is obtained from the nonlinear electrical equivalent 
circuit. 
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Fig.1 View of HTS bulk magnet system by GM cycle refrigerater 

Fig.2 Magnetic field density  (offset -20mm) 

              Fig.3 Magnetic field angle  
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TOMINAKA Toshiharu (MEXT, RIKEN) 
E-mail: tominaka@mext.go.jp
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 (a)                                    (b) 

Fig.1. (a) Schematic view of an excitation circuit for a 
superconducting power transmission cable of 6 helical tape 
conductors, together with a return conductor (a<<l).  (b) The 
term number dependence on the summation of Eqs.(1) and (3) 
for the self- and mutual inductances of the circuit equation for 
a power cable of l=1 m. 

 
(a)                                  (b) 

Fig.2. (a) Current density distributions within a helical tape 
conductor.  (b) Vector plots of the magnetic field and field 
lines (contour lines of the vector potential) due to a helical tape 
conductor for It= I1. 

 
(a)                                  (b) 

Fig.3. (a) Current density distributions within a helical tape 
conductor.  (b) Vector plots of the magnetic field and field 
lines (contour lines of the vector potential) due to a power 
cable with 12 helical tape conductors for It= I1. 

 
[1] T. Tominaka, Abstracts of CSJ Conference, Vol.79 (2008) p.52.  
[2] T. Tominaka, “Self- and mutual inductances of long coaxial helical 
conductors”, Supercond. Sci. Technol., vol. 21, 015011(11pp) (2008). 
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Characteristics of composite electrical insulator in LN2 
 

ICHIKAWA Hiroshi, FUJIWARA Noboru ( ISTEC-SRL); YAGI Masashi, MUKOYAMA Shinichi (Furukawa Electric ); 
E-mail : ichikawa. hiro@istec.or.jp 
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Acoustic impedance of double-inlet pulse tube refrigerator 

BIWA Tetsushi  IWASE Takashi (Tohoku univ.) 
E-mail: biwa@amsd.mech.tohoku.ac.jp 
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Fig. 1 Double-inlet pulse tube refrigerator prototype. 

Fig. 2 Acoustic impedance of orifice pulse tube refrigerator 
and double-inlet pulse tube refrigerator. 

 

1. W. Gifford and R. Longthworth: Trans. of the ASME, 86 
(1964)  264. 

2. E. Mikulin, et al.: Adv. Cryog. Eng., 29 (1984) 629. 
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Fig.1 Al-coated polyurethane diaphragm 

Fig.2  Superconducting Gravimeter Signal 

H.Ikeda et al; TEION KOGAKU 39(2004) 348-353. 
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Fig.1 Heat leak for the model samples 

Table 1 Thermoelectric parameters for the model samples

 
Electrical 
resistivity 

[ m] 

Seebeck 
coefficient  

 [V/K] 
Sample 1 1.22E-05 3.55E-04 
Sample 2 1.43E-05 2.82E-04 
Sample 3 1.94E-05 2.19E-04 
Sample 4 1.13E-05 1.27E-04 
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Cu MgB2  
Superconducting properties at high temperature region on the Cu addition MgB2  

multifilamentary wires through low temperature diffusion process 
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Fig.4 Pressure drop and heat transfer to slush N2. 
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Fig.1 Synergetic effect in combination with slush 
hydrogen and superconducting power machines. 
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Fig.3 Heat transfer to liquid H2 and slush H2. 
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Fig.4 Flow pattern of solid nitrogen particles measured 
by PIV. (a) 1.0 m/s, 19.7 wt%, (b) 4.0 m/s, 19.0 wt% 
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Fig.2 Experimental apparatus for the slush N2 flow test.
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Fig.1 Synergetic effect in combination with slush 
hydrogen and superconducting power machines. 

1D-p03 流動特性



第80回　2009年度春季低温工学・超電導学会― 71 ―

 
 

NAGAI Takayoshi, OHIRA Katsuhide, TAKAHASHI Koichi (Institute of Fluid Science, Tohoku University) 
E-mail: nagai@luna.ifs.tohoku.ac.jp 

 

l

(1) 

 

  

l

Pc
)1(

1D-p04 流動特性



― 72 ― 第80回　2009年度春季低温工学・超電導学会

Illustration of the test
section and configuration of
the 2-D parallel flow
channel.

(T ) L2
V

2 ( L
2c PL T L

1 / 2 ) , L L /( L c PL ) (1)

Fig. 3  Cavitation-induced temperature depression
as a function of the flow velocity Vt.

Fig. 2  Thermodynamic parameter  for liquid heliu
m

and water as a function of reduced temperature, T/Tc.

1D-p05 流動特性



第80回　2009年度春季低温工学・超電導学会― 73 ―

Fig.1 Geometry and dimensions of 0.2TCT specimen

Fig.2 Fatigue crack growth rates as a function of 
J-integral range at 4 K in 0 T and 6 T magnetic fields

Austenitic stainless steels are extensively used to construct 
cryogenic structural members. In the superconducting 
application the alloys sustain high stresses in high magnetic 
fields at liquid helium temperature (4 K). It is known that 
plastic deformation at cryogenic temperatures induces 
martensitic transformation in metastable austenitic steels and 
that the presence of a strong magnetic field enhances the 
transformation. If the metastable austenitic steels undergo 
strain-induced martensitic transformation under service 
conditions, there may be unanticipated effects, such as changes 
in the mechanical properties that can potentially degrade the 
performance of the device. Also, the components of the 
superconducting magnets are subjected to loadings in service 
that are cyclic in nature. Therefore, an understanding of both 
the fatigue crack growth and fracture characteristics of 
structural alloys under appropriate service conditions is 
essential to evaluate the structural integrity and useful life of 
components. Recently, Shindo et al. [1] investigated the 
fracture behavior of 304 stainless steel, a metastable alloy, in a 
4 K, 6 T (T: Tesla) magnetic field environment using the 
compact tension (CT) specimens with side-grooves. In this 
study, we report examination of the fatigue crack growth 
behavior of 304 stainless steel in cryogenic high magnetic field 
environments.  

The material investigated was SUS 304 austenitic stainless 
steel which belongs to the class of metastable steels. The CT 
specimens having width W = 25 mm and thickness B = 5 mm, 
i.e., 0.2TCT specimens, were machined from the plates. The 
geometry and dimensions of the 0.2TCT specimen are shown 
in Fig. 1. The specimens were precracked in fatigue at liquid 
nitrogen temperature (77 K). After precracking, a side-groove 
was made on each side of the specimens and the net specimen 
thickness BN was 4 mm.  

The fatigue crack growth tests were performed at 4 K in 
magnetic fields of 0 and 6 T using a 30 kN capacity 
servo-hydraulic testing machine. The tests at room temperature 
without an applied magnetic field (0 T) were also performed. A 
cryocooler-cooled superconducting magnet was used to create  

 

 

a static uniform magnetic field of 6 T normal to the crack 
surface. All tests were conducted under sinusoidal load control 
at a frequency of 3 Hz and a load ratio R of 0.1. The applied 
load was measured by the testing machine load cell. A clip 
gage was used to measure the load line displacement. The 
instantaneous crack length a as a function of the number of 
cycles N was inferred from the load-displacement slope.  

Following the fatigue crack growth tests, the martensite 
measurement was made. A commercial device (Fischer 
Feritscope MP30) was used for measuring the martensite 
content in the specimens. In addition, the fracture surfaces 
were examined by scanning electron microscopy (SEM).  

The fatigue crack growth rate da/dN can be related to the 
J-integral range J = Jmax  Jmin, where Jmax and Jmin are the 
maximum and minimum J-integrals corresponding to the 
maximum and minimum applied loads, respectively. In order 
to evaluate the J-integral range J during fatigue loading, 
three-dimensional elastic-plastic finite element analysis was 
carried out for the side-grooved CT specimen of SUS 304 
stainless steel. The incremental strain theory and von Mises 
yield criterion were used. The J-integrals at the mid-thickness 
of the CT specimen were used to obtain the J-integral range 

J.  

Fig. 2 shows the plot of fatigue crack growth rate da/dN 
versus J-integral range J data for SUS 304 stainless steel at 4 
K in 0 T and 6 T magnetic fields. Although the experimental 
data exhibit some scatter, the 4-K crack growth rate increases 
in a 6 T magnetic field. The temperature and magnetic field 
effects on the fatigue crack growth rates, martensite contents 
and fracture surface characteristics are also discussed in detail.  

 

 

1. Y. Shindo, et al.: Strength Mater., in press.  
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Temperature Dependence of High-Cycle Fatigue Properties and Crystallographic 

Orientation of Fatigue Crack Initiation Site in -Titanium Alloy 
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[1] Y. Ono et al., MATERIALS TRANSACTIONS, 44, 9 
(2003), pp.1702-1705. 

[2] Y. Ono et al.: TRANS. OF JSME, A74, 739 (2008), pp. 
329-334. 

[3] V. Sinha et al.: Metall. Mater. Trans. Vol. 37A, 

(2006), pp. 2015-2026. 

Fig. 2 Temperature dependence of the ratio of peak cyclic stress to 
0.2% proof stress at 106 and 107 cycles, and crystallographic
orientation of fatigue crack initiation site. 

 
Fig. 1 SEM images showing the vicinity of the fatigue crack
initiation site of the specimens tested at 293 K ( max=606 MPa,
Nf=2.13 105 cycles) (a) and at 77 K ( max=404 MPa, Nf=3.86
106 cycles) (b). 
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Fig.2. Time dependence of temperature at each site. 

Fig.1. Experimental apparatus of the AMR cycle. 
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Ag-Au Bi2223 Bi2223  
AC loss properties of Bi2223 tapes with resistive Ag-Au alloy matrix or oxide barriers 
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Table 1. Characteristics of twisted Bi2223 tapes. 
Matrix/Barriers Ag-Au(8wt%)/None Ag/SrZrO3+Bi2212 
Tape section 2.5 mm  0.23 mm 3.1 mm  0.27 mm 
Filamentary region 
(Shape factor n) 

2.1 mm  0.17 mm 
( 12) 

2.7 mm  0.19 mm 
( 14) 

No. of filaments 19 19 
Twist length  Lt 4mm, 9mm 9mm 
Jc at 77K, 0T 11,000 A/cm2 7,500 A/cm2 

(a)

(b)

Interfilamentary Bridging

0.5 mm  
Fig. 1. Transverse cross sectional views of Bi2223 tapes with (a) 
Ag-Au alloy matrix and (b) SrZrO3 + Bi2212 barriers. 

 
Fig. 2. Frequency dependence of AC losses Qm at 0.5 mT for 
Bi2223 tapes with Ag-Au alloy matrix or SrZrO3+Bi2212 barriers. 

 
Fig. 3. Loss factor  at 30 Hz for Bi2223 tapes with (a) Ag-Au 
alloy matrix and (b) SrZrO3+ Bi2212 barriers. 

 
[1] Y. Mitsuno et al.: Abstracts of CSJ Conference Vol.79 (2008) p.17. 
[2] B. ten Haken et al.: Physica C 377 (2002) pp.156-164. 
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Table : Irradiation condition. 
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Fig.1: Critical current densities of DyBCO 

coated conductor before and after the Au 
ion irradiation. 
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Fig.2: n value of DyBCO coated conductor before 

and after the heavy ion irradiation. 
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Fig.3

  
  Fig. 1 Position vs. Strain  
 

 
Fig. 2 Experimental apparatus 

 

 
Fig. 3 Detail of circular bending beam 

 

NEDO  
 

[1] A.Ishiyama Y.tanaka et al.:The Papers of Technical 
Meeting,IEE Japan ASC(2008)P.53-58 
[2] A.Godeke:“Performance boundaries in Nb3Sn supercond- 
uctors”, PhD Thesis, University of Twente, ISBN 90-365- 
2224-2, (2005) p.122-127 
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1. K. Shikimachi, et al.: IEEE Trans. Appl. Supercond. (2009) 
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Fig. 1  AC loss property of infinite slab with alternating 
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Fig.2 AC loss dependence on tape width 

Tab.1 Parameters for analysis 
Inscribed radius of inner layer R1 Varied 
Inscribed radius of outer layer R2 Varied 
Tape width W Varied 
Tape number per layer N Varied 
Tape-to-tape gap of inner layer g1 0.2 mm, 0.5mm 
Tape-to-tape gap of outer layer g2 0.2 mm, 0.5mm 
Layer-to-layer gap G Varied 
Cable critical current Ic Varied 
Transport current It 2000 Apeak 

Thickness of substrate d1 0.125 mm  
Thickness of superconductor d2

Critical current per tape width jc  27.5 A/mm 
n  05 
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Fig.1 Analytical model 
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1. A. Ishiyama, et al.: IEEE Trans. Appl. Supercond., vol.15, no.2, 
pp.1659-1662 (2005) 

 
Fig. 1 Schematic drawings of YBCO tape, bundle conductor and 
coil. 

 
Table 1  Specifications of coil for numerical simulation. 

 

 
(a) Current             (b) Voltage 

Fig. 2  Current and voltage of tape.  
 

 
(a) Voltage              (b) Temperature 
Fig. 3  Voltage and Temperature of Tape 1. 

 

 
(a) Voltage              (b) Temperature 
Fig. 4  Voltage and Temperature of Tape 4. 
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Fig.1 Illustration of 2-pole and 4-pole coils 

 DP-1 
DP-2 
DP-3 
DP-4 
DP-5 
DP-6 

Ndp,1 
Ndp,2 

Ndp,3 
Ndp,4 
Ndp,5 
Ndp,6 

Tab.1 Specification of Tape 
 [mm] 4.0  

 [mm] 0.001 
 [mm] 0.5 
 [A] at 0T  120 

n at 0T  30

Tab.2 Numerical Results of Optimization Analysis 
2 pole   
Number of DP 2M 8 8 
Ndp.1  67  142 
Ndp.2  67  37 
Ndp.3 67 32 
Ndp.4 67 30 

L [mH] 122 91 
 [m]  634 662 

Ic,coil [A] 44.1 51.0 
Pt,coil [J] 7.53 4.28 
4 pole   
Number of DP 2M 8 8 
Ndp.1  46  104 
Ndp.2  46  15 
Ndp.3 46 19 
Ndp.4 46 25 

L [mH] 105 78 
 [m]  773 799 

Ic,coil [A] 47.2 54.9 
Pt,coil [J] 7.24 4.23 

1P-p27 コイル応用 (1)
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[1] W. S. Kim, et al.: IEEE Trans. on Appl. Supercond., vol. 18, 
(2008) p.1249 

[2] J.H. Joo, et al.: Development of Quench Detection Method 
Based on Normal Transition Behaviors for HTS Coils, IEEE 
Trans. on Appl. Supercond, (2009) in press 
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Fig. 1. Conceptual drawing of a compact NMR device using oxide 
superconducting bulk annuli. 

Single bulk 3stacked bulks
Fig.2 Schematic scaled drawing for a single and three stacked 
HTS bulk annuli. 

Fig.3 Measured magnetic field profiles along the axis of the 
single and three stacked annuli when an applied magnetic field 
is 1 T. 
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Fig. 1  Lattice constants of Y1+xBa2-xCu3Oy (x=0, 0.01, 
0.02, 0.1) sintered at 920°C in PO2 = 0.54 MPa, annealed at 
400°C in air and quenched. 

Fig. 2  Magnetic field dependences of M for 
Y1+xBa2-xCu3Oy (x=0, 0.02) polycrystalline bulks sintered at 
920°C in PO2 = 0.54 MPa and annealed at 250°C in flowing 
oxygen. 
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n -values in high magnetic field for RE123 films prepared by MOD process
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Low Temperature Tensile Test and In-situ Measurements of Internal Strains in YBCO Coated 
Conductors by Means of Neutron Diffraction 

OSAMURA Kozo(RIAS), MACHIYA Shutaro(Daido Univ.)
E-mail: kozo_osamura@rias.or.jp 
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Nd:YAG YBCO  
Superconducting properties of YBCO films prepared by 
4th harmonic Nd:YAG pulsed laser deposition method 

 
       SRL  JFCC  

ICHINO Yusuke  YOSHIDA Yutaka  YOSHIMURA Takuya, TAKAI Yoshiaki (Nagoya Univ.); 
YOSHIZUMI Masateru, IZUMI Teruo, SHIOHARA Yuh (SRL); KATOH Takeharu (JFCC) 

E-mail: ichino@nuee.nagoya-u.ac.jp 
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Superconducting properties of Y123 films fabricated on 
MgO substrates.

Fig. 2 Jc of Y123 films as a function of magnetic field 
applied perpendicular to the film surface. 
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1． はじめに

　第 2 次産業に使用されてきたロボットを第 3 次産業に利用

するという動きが活発になってきた。 ロボットは 「機械にコン

ピュータ （頭脳） が付いた」 ものであるが、 「コンピュータ

が身体を持った」 ものということもできる。 身体を持ったコン

ピュータの先は、 心を持つ機械の実現、 新しい生命を創る

という身の程を超えた望みにつながっている。 一方、 エレク

トロニクスを基盤とした情報技術と機械技術の結合は、 誰で

も使える気の利くロボットの実現という以上に、 我々の生活環

境を大きく変えることになると思われる。 ここでは、 人間と機

械の新しい関係についての展望を述べ、早稲田大学のロボッ

トたちを紹介する。

2． 工場から生活空間へ 

　最近の非産業用ロボットの用途はどのようなところにあるの

であろうか。 従来のロボットは、 作業機械として人間の労働

を代行するものであった。 次世代ロボットの第 1 の目的であ

る人間との共同作業はこの延長上にあるが、 工場での作業

ロボットに比べて、 人間との相互作用がはるかに密に行われ

る。 定型的なコマンドに従って作業するのではなく、 相手の

人間に応じた柔軟な行動の変更が必要なためである。 ロボッ

トにとって人間は、 極めて情緒的で再現性のない非定常な

環境である。 したがって、 ロボットは、 環境を観察して状況

を理解する情報機械としての人間を模倣したものにならざる

を得ないのである。

　次世代ロボットの第２の用途として、情報端末としてのロボッ

トの利用が考えられる。現在のコンピュータ端末は、グラフィッ

クスとポインティングデバイスによるＧＵＩが主流となっている

が、 ネットワークにロボットを接続して、 画像、 音声、 表情、

身振り、 触覚など人間のあらゆる知覚チャンネルを使って、

情報を引き出したり計算機を使ったりするのである。そこでは、

ロボットの手を握ること、 嬉しそうに話すこと、 画像を見せるこ

と、 などが計算機システムへの入力であり、 ロボットの仕草、

ロボットの表情、 ロボットが我々の肩をたたくこと、 などが計

算機の出力である。 すでにホームネットワークのコンソールと

しての試作も行われているが、 人間と対話する能力さえあれ

ば誰でもネットワーク資源が利用できる、 ということが最終目

標となる （Fig.1）。

Fig. 1 Robot as an interface 

　また、 センサとアクチュエータの集合体として、 ロボットの

第 3 の用途が考えられる。 ロボットは多くのセンサを装備した

動く情報収集システムであるから、 人間型でなくとも環境を自

律的に動き回ることにより情報収集を能動的に行なうことがで

きる。 災害時や深海、原子力施設など極限環境下でのロボッ

トの利用は大いに期待されており、 色々な試みがあるが、 高

機能なダミー人形として、 介護 ・ 救命の医療訓練、 自動車

事故の人身被害実験など人間のシミュレータとして多くの用

途がある。 現在のロボットはかなり整備された環境でなけれ

ば歩行もままならないが、 そのようなロボットが活動できる空

間ならば、 身体に障害のある人間にも活動しやすいところで

ある。 実際にロボットのデモをするときに、会場がバリアフリー

であるとロボットも動きやすく都合が良かった経験がある。

　さらに、 新しいメディアとしてロボットを考えることができる。

オーディオ ・ ビジュアルのマルチメディアでは伝え切れない

情報のやり取りが、 物理的な身体を持つロボットには可能で

ある。 すでに商品化されている 「癒し機械」 としてのロボット

も新しいメディアということができよう。 現在、 開発されている

ペット型ロボットの多くは実際の作業を行なうには不充分であ

るが、 ユーザとのインタラクションによって感性的な満足感を

与えるにはある程度の有効性がある。また、現在のコンピュー

タゲームに比べて身体を持ったゲームメディアとしてのロボッ

トの可能性は非常に大きい。

3． ロボットの 3 つの形態 

　産業用ロボットではプレイバックあるいはプリプログラム方式

が主流を占めていたが、 ロボットあるいはロボット技術の将来

の使い方を考えると３つの方向性がある。

　第 1 は遠隔操縦型である。 現在の多くのロボットは、 ほと

んどが遠隔操縦型であって原子炉の中などでの極限作業や

外科手術などでは非常に役に立つし、 これを使ってゲーム

をすることもあるかも知れない。 遠隔操縦型の重要点は最終

的な判断が人間によって行われるということである。 誰でも操

縦操作ができるようにするというインタフェースの問題を除け

ば、 基本的には自動車の操縦と同じであるから、 もっとも実

現しやすいものである。 最近の医療用ロボットの多くはこの

タイプであり、 手の微細な振えを抑制したり正確な執刀軌道

をガイドしたり、 生身の人間では不可能な作業を実行にする

道具となっている。 また、 このタイプでは、 万が一の事故の

際にも責任の所在がはっきりしており法律的な問題も少ない。

ただし、 微妙な作業の場合、 作業域の情報のフィードバック

が不可欠であるのに対して、 視覚、 触覚など五感のすべて

の情報を正確に伝えることは困難であるし、 遠隔操縦では伝

送路遅延が問題となるので、 実際にはある程度の自律性が

要求されることになる。

　第 2 は、 ロボットが自分で行動を決定する自律型の実現で

ある。 ロボット技術者の夢はやはり鉄腕アトムであろうが、 人

間あるいは気の利いたペット並の知能と行動制御が可能にな

るにはしばらく時間が必要であると思われる。 このタイプのロ

ボット研究は、 自我とは何か、 心とは何か、 という哲学的な

問題にある種の解答を与える作業が不可欠であり、 もっとも

挑戦的で困難な課題ということができる。 そういう意味では、

故障などがあっても大きな事故につながらない小型のペット

ロボットが自律型として出てきているのは、 もっともなことであ

る。 当分はペット、 エンターテイメントとしての利用が主流と

なるであろうが、 自律型ロボットについては、 技術的に何が

できて、何ができないかということを見据えながら、事故責任、

安全基準などの法的問題を超えて社会倫理的なより深い議

論が必要となる。

　第 3 は、 環境のロボット化である。 ロボット技術が一般の個

人の生活環境を生成するものであり、 つまり、 センサやアク

人間と機械の新しい関係　－ ワセダのロボットたち －
 New relationship between human and machine –Robots in Waseda University– 

 橋本　周司（早稲田大学）
HASHIMOTO Shuji (Waseda University)

 E-mail: shuji@waseda.jp

2S-p01 特別講演
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チュエータが装備された家という居心地のよいロボットの体内

で生活するのである。 このような住空間の整備は元来は建築

家の仕事であるが、 人間共存ロボットあるいは自動車のＩＴＳ

などと共通する技術的基盤にたつところも多い。 コストの問題

はあるが、 住宅の場合はシステムが占めるスペースや重量

の許容量に余裕がありエネルギ源についても柔軟性がある

ので、 ロボットや車に比べて同じ機能ならば早期に実現でき

ると思われる。 現在は情報技術が社会インフラの中心である

が、 ロボットのメカトロ技術を都市設計に適用すれば、 高齢

者も含めて誰でもが安全で快適な社会活動が営めるロボット

化環境インフラの構築が可能である。 また、 自律型ロボット

に比べて実現上の法的な問題も少ない。   

4． これからのロボット開発

　 Fig.2 は、 以上のような背景の中で行われてきた早稲田大

学のロボット研究の流れを、 開発したロボットとともに示したも

のである [1]。 早稲田のロボット研究は故加藤一郎先生の提

唱された 「マイ ・ ロボット」 に始まり、 最近の人間共存ロボッ

トまでの流れの中で多くの人材を輩出し、 少なからぬ貢献を

してきたと自負している。 しかしながら、 基盤産業分野の創

出あるいはロボット学という点では、 課題も多い。

　ロボットは、 計算機、 情報処理、 制御、 機械、 材料など

多くの工学の総合技術である。 実装技術はシステムの形態

とその機能の関係を総合的にデザインするものである。 一

般人が利用する機械としてロボットに近いものは自動車であ

る。 最近の電子化された自動車の実装技術に学ぶことは多

いが、 ロボットは自動車よりも人間の生活空間に深く入り込む

可能性が強いばかりでなく、 必要に応じて自律的に変形す

るという自動車にはない機構上の特徴がある。 新しいロボット

産業が成立したとはいえないが、その可能性は大きい。ロボッ

トの産業的な拡がりは、 計算機産業をはるかに凌ぐものであ

り、 計算機産業＋自動車産業＋αということができる。 これ

を本当に立ち上げるには、 2 つの課題がある。 第 1 はロバ

ストネスの追求である。 ロボットは機械部品が多いので、 壊

れやすい機械的に消耗することが避けられないが、 自動車

を見るとロボットも同じように日常使用に耐えるものが作れる

はずである。 現在のように 10 分程度のデモを見せて、 拍手

をもらって終わりというロボットではダメなのである。 24 時間活

動を続けて使用することを前提に設計を行う必要がある。

　第 2 は、 安全性とエラーリカバリの向上である。 対人安全

性に関しては基準作りが進行しているが、 人間への危険排

除ばかりでなくロボット自身が機能を停止しないで活動でき

るための安全性にも注意を払うべきである。 人間への安全を

確保するために、 現在の多くのロボットは自分の身を守るこ

とに注意が払われていない。 また、 ロボットは不確定な要素

のある環境で作業を行うため、 そのタスクを 100% の確実性

をもって実行することは期待できない。 したがって、 間違っ

たときの対処が重要であり、 能力の半分はこのエラーリカバリ

に割かれるべきではないかと考えている。 ロボットデモを見て

いるとエラーの度にリセットスタートをしたり、 観客がロボットに

触れるのを嫌う場合が多い。 以上の 2点は本当に使えるロ

ボットを作るための最重要課題である。 丈夫で安全でたまに

仕事をやり損ねても自分で何とか後始末ができるロボットなら

ば、 大したことはできなくとも使ってみる気がするというもので

ある。

　また、 学問の場である大学からみると、 ロボット学の確立も

急務である。 ロボットの製作には、 種々の科学技術のインテ

グレーションが不可欠であることは言うまでない。 しかしなが

ら、 IT における論理代数、 オートマトン理論、 情報理論など

の基盤学問に対応するロボット学の基礎が確立されていると

は言い難い。 人間と機械の新しい関係を構築して、 次代の

社会 ・ 文化の礎となるためには、 まだまだやるべきことが多

いのである。

5． あとがき

 　次世代ロボットについて、 思うところを述べた。 昨年、 早

稲田大学のロボットグループは、 グローバル COE に採択さ

れた。 そこでは、 「グローバルロボットアカデミア」 として、 最

先端のロボット工学者 ・技術者の養成をする中で、 新しい課

題への挑戦を始めている [2]。

参考文献 

１] http://www.humanoid.waseda.ac.jp/index-j.html

 2] http://www.rt-gcoe.waseda.ac.jp/japanese/index.html 

Fig. 2 Robots in Waseda University
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TAKANO Katsutoshi, NAKAJIMA Hideo, KOIZUMI Norikiyo, HAMADA Kazuya, OKUNO Kiyoshi JAEA
E-mail: takano.katsutoshi@jaea.go.jp 

Fig. 1 Machining of the Radial Plate section.

Fig. 2  Bending of Cover Plate.
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Table 1 Chemical compositions of structural materials specified in the standard. 
Material C Si Mn P S Ni Cr Mo N O C+N 

FMJJ1 0.030 
max. 

0.75 
max. 

9.00- 
11.00 

0.035 
max. 

0.015 
max. 

11.00- 
13.00 

11.00- 
13.00 

4.00- 
6.00 

0.21- 
0.27 

- - 

FM316LNL 0.030 
max. 

0.75 
max. 

2.00 
max. 

0.035 
max. 

0.020 
max. 

10.00- 
14.00 

16.00- 
18.50 

2.00- 
3.00 

0.05- 
0.12 

-  0.080 

FM316LNM 0.030 
max. 

0.75 
max. 

2.00 
max. 

0.035 
max. 

0.020 
max. 

10.00- 
14.00 

16.00- 
18.50 

2.00- 
3.00 

0.10- 
0.17 

-  0.130 

FM316LNH 0.030 
max. 

0.75 
max. 

2.00 
max. 

0.035 
max. 

0.020 
max. 

10.00- 
14.00 

16.00- 
18.50 

2.00- 
3.00 

0.15- 
0.22 

-  0.180 

FM 
316LNMTP 

0.020 
max. 

0.75 
max. 

2.00 
max. 

0.030 
max. 

0.020 
max. 

10.50- 
14.50 

16.00- 
18.00 

2.00- 
3.00 

0.11- 
0.18 -  0.130 

FMYJJ1 0.030 
max. 

0.40- 
0.60 

9.5- 
10.5 

0.020 
max. 

0.015 
max. 

13.5- 
14.5 

11.5- 
12.5 4.5-5.5 0.11- 

0.15 
0.010 
max. - 

NISHIMURA Arata (NIFS); NAKAJIMA Hideo (JAEA) 
E-mail: nishi-a@nifs.ac.jp  

Sy = (5.78 x 10-2 (C+N) - 7.51 x 10-3) T2 + (-27.8 
(C+N) + 1.72) T + (3520 (C+N) + 395) - - - - - - - (1)  

Sy MPa T K  

 
Table 2 Mechanical properties at RT specified in the standard. 

Material Thickness (mm) RTYS 
(MPa) 

RTUTS 
(MPa) 

RTEL
(%) 

RTRA
(%) 

FMJJ1 
t < 200 300 620 

30 40 
200  t < 400 280 600 

FM316LNL
t < 200 210 520 

30 40 
200  t < 400 205 480 

FM316LNM
t < 200 245 550 

30 40 
200  t < 400 230 520 

FM316LNH
t < 200 280 580 

30 40 
200  t < 400 260 560 

FM 
316LNMTP

- 245 550 35 - 

2B-a05 ITER
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ITER  
Progress in Procurement for ITER Superconductors 

 
       

      
TAKAHASHI Yoshikazu, ISONO Takaaki, HAMADA Kazuya, NUNOYA Yoshihiko, 

NABARA Yoshihiro, MATSUI Kunihiro, HEMMI Tsutomu, KOIZUMI Norikiyo, 
NAKAJIMA Hideo, KAWANO Katsumi, OSHIKIRI Masayuki, OKUNO Kiyoshi (JAEA) 

E-mail: takahashi.yoshikazu@jaea.go.jp 
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1. Y. Takahashi, et al., “Performance of Japanese Nb3Sn 
Conductors for ITER Toroidal Field Coils”, IEEE Appl. 
Supercond., vol. 18, No. 2, pp. 471-474, 2008. 
 

Table 1 Results of Benchmark Tests for EU strand in Japan 
 JAEA A B 

IO-1 192.4 194.2 190.0 
IO-2 191.0 192.1 188.1 
IO-3 192.5 190.5 188.5 Ic (A) 

S 190.9 192.3 185.1 
Qh (mJ/cm3) 46 40 47 

  Ic: Critical current,  
Qh: Hysteresis Loss for one cycle of +/- 3 T

 
 
 
 
 
 
 

32 mm

Copper
rings

 for current
   contact

TiAlV
grooved
cylinder

 
 

Fig. 1 Critical current sample holder: Ti6Al4V hollow cylinder 
with two Copper rings (left) and assembled holder with a strand 
section wound on it. 
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Fig.2 Superconducting performance of Japanese Nb3Sn 
strands for TF coils. Domain of slant lines shows 
specification (Critical current>190A, Hysteresis loss<500 
mJ/cm3). 
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Fig. 1 Cross-sectional view of joint of CS-SULTAN sample. 

Table 1 Parameters and results of current distribution analysis. 
Case No. RRR of 

copper A 
RRR of 

copper B 
Joint 

resistance 
Jmax/Jmin

1 4 4 5.8 n  1.05 
2 20 20 1.9 n  1.25 
3 100 100 1.0 n  1.67 
4 100 4 1.8 n  1.30 

Fig. 2 Current and magnetic field distributions of joint of 
CS-SULTAN sample. 
 

1. T. Hemmi, et al.: Abstracts of CSJ Conference, Vol. 79 
(2008) p.28. 
2. Metals and Ceramics Information Center: Handbook on 
Materials for Superconducting Machinery, (1974) p.5.1.1-1.1. 

SC cable Copper A

Stainless steel

Copper B

2B-a07 ITER / JT-60SA
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JT-60SA  
Construction of the jacketing facility and first production results of superconductor for 

JT-60SA 

KIZU Kaname, TSUCHIYA Katsuhiko, KASHIWA Yoshitoshi, MURAKAMI Haruyuki, YOSHIDA Kiyoshi  (JAEA) 
E-mail: kizu.kaname@jaea.go.jp 

Table 1 Conductor Parameters for CS and EF coils. 
 CS EF-L EF-H 
Type of Strands Nb3Sn NbTi NbTi 
Maximum Current (kA) 20 20 20 
Nominal Peak Field (T) 8.9 4.8 6.2 
Operating Temperature (K) 5.5 4.8 5.0 
Discharge time constant (s) 6 6 6 
Delay time (s) 2 2 2 
Number of SC Strands 216 216 450 
Number of Cu wires 108 108 0 
Local Void Fraction (%) 34 34 34 
Cable dimensions (mm) 21.0 19.1 x 

19.1 
21.8 x 
21.8 

Central hole (id x od) (mm) 7 x 9 7 x 9 7 x 9 
Conductor external 
dimensions (mm) 

27.9 x 
27.9 

25.0x 
25.0 

27.7 x 
27.7 

Jacket material SS316LN SS316L SS316L
Max. unit length of 
conductor (m) 

500 585 478  

Fig. 1 Cross Section of CS Conductor. 
 

Fig. 2 Cross Section of EF-H Conductor. 
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Fig.1 Temperature difference between the cold end of 
the AlN plate and its free end (solid line). Same quantity 
for the copper wire decorated AlN plate. 

Fig.2 Temperature difference between the cold end of the 
AlN plate and its free end (solid line). Same quantity for 
the copper wire decorated AlN plate. 

Method for evaluating and enhancing the cooling capability of AlN ceramic as a potential 
thermal guide in cryocooler cooled SQUID systems 

Eshraghi Mohamad Javad Sasada Ichiro(Kyushu University); Kim Jin-Mok, Lee Yong-Ho(KRISS) 
E-mail: javad4@asem.kyushu-u.ac.jp 

1 Introduction 
In cryocooled LTC-SQUID systems, copper sensor holder 

could be used as a thermal guide [1] but white noise level due 
to the thermal magnetic noise is high [2]. Therefore finding 
insulating materials with high thermal conductivity in very low 
temperatures is of great importance. AlN ceramic is an 
insulating material that shows good thermal conductivity at the 
room temperature. Its thermal conductivity at the room 
temperature is nearly half of that of the copper. We examined 
the thermal conductivity of AlN ceramic as a potential material 
for the thermal guide in a cryocooler cooled SQUID systems. 
We found out that the AlN doesn’t show very good thermal 
conductor at very low temperatures, therefore by implementing 
thin copper wires we tried to enhance its thermal conductivity. 

 
2 Experimental setup 

For examining the thermal conductivity of AlN, an AlN thin 
rectangular plate was prepared with dimensions of 3 mm in 
thickness, 12 cm in length and 4 cm in width. A thick copper 
plate of L-shape was used to fix the AlN plate to the 
second cold head of our two-stage pulse tube cryocooler. 
Apiezon N grease was used between AlN plate and the 
L-shaped copper attachment. The temperature of the L-shaped 
copper attachment, which was attached to the cold head, was 
measured with a Pt-Co temperature sensor. The temperature of 
the free end of the AlN plate was measured with a germanium 
temperature sensor which was attached to the AlN plate with 
bolt and Apiezon-N grease. Output from both of the 
temperature sensors were acquired automatically with a DAQ 
board. 

3 Measurement result and discussion 
Results of the temperature measurement are shown in Figs. 1 

and 2. In Fig. 1 the temperature difference between the colder 
end which is connected to the L-shaped copper attachment and 
the free end of the AlN plate is plotted for the cold head 
temperature (solid line). As it is visible in this graph the free 
end of the AlN plate in the best case is at least 2 K warmer 
than the other end, so at the final stage that our cryocooler cold 
head reaches 3.5 K the AlN plate’s warm end cannot reach the 
desired temperature for operating LTC SQUIDs which is 4.2K. 

For enhancing the cooling capability of the AlN plate most 
of the back plane of the AlN plate is covered with a bundle of 
0.1 mm thick insulated copper wires placed in a single 
layer. Because adjacent copper wires do not have electrical 
contact, electrons in the wires fluctuate only one dimensionally, 
hence, based on the Ref. [2] the thermal magnetic noise may be 
much lower than that observed with a thick copper plate used 
as a SQUID holder. The temperature of the free end of the AlN 
plate with the copper wire decoration has successfully reached 
4 K about 1 hour after the cold head had maintained at 3.75 
K. The result of examination of the thermal conductivity of this 
AlN plate is also shown in Figs. 1 and 2. 

 
4 Conclusion 

We observed that the temperature of the free end of the AlN 
plate hardly fell below 7 K even one hour after the cold head 
had reached 3.75 K. So we conclude that this material by 
itself cannot cool LTC SQUID sensors to operate. 

The cooling capability of the AlN plate was enhanced by 
covering one side of it with 0.1 mm diameter, 12 cm long 
coated copper wires.  The free end of AlN plate successfully 

cooled down to 4 K. Therefore we hope that this material with 
the aforementioned improvement could be used as a thermal 
guide to cool SQUIDs. In the near future, we will attach 
Double Relaxation Oscillation SQUID first-order planar 
gradiometer on this plate and will compare the noise floor with 
the case of the copper plate thermal guide. 

References 
1. M.J. Eshraghi, I. Sasada, J.M. KIM, Y.H. Lee, 

Characterization of a low frequency magnetic noise from a 
two-stage pulse tube cryocooler, Cryogenics (2009), 
doi:10.1016/j.cryogenics.2009.03.001 (in press) 

2. T. Varpula, T. Poutanen, Magnetic field fluctuation arising 
from thermal motion of electric charge in conductors, J. 
Appl. Phys. (June 1984) 55(11), 4015-4021 
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Fig. 2 Volume fraction of Y211 at various positions of Y123 
melt-solidified bulks grown by the new method. 

Fig. 3 Jc-H curves for Y123 melt-solidified bulks.

Y123  
Features of Y123 Melt-Solidified Bulks with Different Crystal Growth Directions 

, , , ,  ( ) ,( ) 

T. Akasaka, Y. Ishii, H. Ogino, J. Shimoyama, and K. Kishio (Univ. of Tokyo) S. Horii (Kochi Univ. of Technol.) 
E-mail : t070623@mail.ecc.u-tokyo.ac.jp (T. Akasaka) 
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[1] T . Nakashima et al., Physica C 426-431 (2005) 726-730.  

Fig. 1 Schematics of conventional (a) and new (b) 
growth methods of Y123 melt-solidified bulks. 
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Fig.1 R-T properties of Bi(Y)-2212  
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Fig.2 Carrier densities vs. oxygen partial pressures estimated for
Bi(Y)-2212 with various Y concentrations  
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J[A/m] 

straight type 484.5268 

balance type 452.9222 

unbalance type 391.4576 

Table 1 current density of straight-, balance-, and unbalance-
microstrip line filters 

Fig..2 Frequency responses of straight-, balance-, and 
unbalance- microstrip line filters 

Fig..1 Filter layout and resonator shape 

(a)Filter layout (b)Straight type resonator

(c)balance type resonator (d)unbalance type resonator

straight S
11

straight S
21

balabce S
11

balabce S
21

unbalabce S
11

-70

-60

-50

-40

-30

-20

-10

0

4.6 4.8 5 5.2 5.4

unbalabce S
21

M
ag

ni
tu

de
 [d

B
]

Frequency [GHz]

simulation point of J

simulation point of J simulation point of J
slitslit

2C-a09 デバイス



― 140 ― 第80回　2009年度春季低温工学・超電導学会

 

Fig. 1 A schematic diagram of a rotating multi-facing target 
sputtering system 

Fig. 2 I-V characteristics of Nb/AlOx-Al/Nb superconducting 
tunnel junction measured at 4.2 K. The junction size is 25 

m . Vertical scale is 0.25 mA/div. Horizontal scale is 
0.5 mV/div.  
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Effect of Alumina Dispersed Copper Composition  
for Nb3Sn Wire Mechanical Characteristic 

NISHIJIMA Gen, MINEGISHI Kazuhiro, WATANABE Kazuo (Tohoku University);  
OHATA Katsumi, NAKAGAWA Kazuhiko (Hitachi Cable) 

E-mail: gen@imr.edu 
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Fig. 1 4.2 K ODS-Cu Ta Nb3Sn
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[1] G. Iwaki et al., IEEE Trans. Appl. Supercond. 12 (2002) 
1045. 

[2] K. Watanabe et al., IEEE Trans. Magn., 30 (1994) 1871.  
[3] S. Murase et al., IEEE Trans. Magn., 32 (1996) 2937.  
[4] H. Sakamoto et al., IEEE Trans. Appl. Supercond. 10 

(2000) 1008.  
[5] G. Nishijima, et al., IEEE Trans. Appl. Supercond. 15 

(2005) 3442.  
[6] , 2008 2D-a01 

Table 1  Specification of Nb3Sn wires 
 ODS/Ta/Nb3Sn ODS/Cu/Nb3Sn

Wire diameter 1.0 mm 
Bronze Cu-16wt%Ta-0.3wt%Ti 
Diffusion barrier Ta 
Filament diameter 8.0 m 4.6 m 
Twist pitch 20 mm 
Heat treatment 650 ºC  200 hrs 
Volume fraction  

Ta reinforcement 20% - 
Nb + bronze 41% 61% 
Ta barrier 6% 
ODS-Cu 20% 20% 
Cu stabilizer 13% 

Fig. 1  Tensile stress and critical current density (Jc) as a
function of applied tensile strain for ODS composited Nb3Sn
wires.  
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Fig.1 EPMA composition mapping on the 8/1(Sn/Ta)-6at%Ti+3 
wt%Cu sheet. 

Fig.2 EPMA composition mapping on the 6/1(Sn/B)-4at%Ti+3 
wt%Cu sheet.

20T 22T

    Bronze Wire*1 ~400 23

    OST(RRP) Wire*1 ~550 ~200 38

    SMI(PIT) Wire*1 ~600 ~220 25

    JR Wire ~720 400 - 410 32

    MR Wire ~700 ~400 29

Wire Specification
Jc (A/mm2) @4.2K non-Cu

Areal Fraction
(%)

Table 1 Jc at high fields and areal fraction of Nb3Sn layers in 
different wires. Non Cu Jc = Nb3SnJc Areal Fraction. 

Fig.3 Cross section of 8/1(Sn/B)-4Ti+3Cu sheet JR wire.

400 m

Sheath

Nb3Sn Layer

2D-a04 A15 型線材



― 144 ― 第80回　2009年度春季低温工学・超電導学会

 

 

 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 

 Ar

Liquid
Mash

Solid

Ar

Liquid
Mash

Solid

80

100

120

140

160

180

14.0 14.5 15.0 15.5 16.0 16.5
Sn concentration ( % )

0.
2%

 Y
S 

( M
Pa

 ),
 H

V

0

10

20

30

40

50

El
on

ga
tio

n 
( %

 )

Elongation

Hardness

0.2% YS

2D-a05 A15 / 金属系線材 (1)



第80回　2009年度春季低温工学・超電導学会― 145 ―

2D-a06 A15 / 金属系線材 (1)



― 146 ― 第80回　2009年度春季低温工学・超電導学会

Y. Iijima, A. Kikuchi, N. Banno and T. Takeuchi 

National Institute for Material Science, Japan 
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Fig.1 Tc versus heating time curves of the RHQT-Nb3Al wire. 

2D-a07 A15 / 金属系線材 (1)



第80回　2009年度春季低温工学・超電導学会― 147 ―

 

 

 

KEK CERN-KEK LHC

NbTi

A15
Nb3Al

NIMS Nb3Al
1km

Nb3Al

CERN-KEK Nb3Al
CERN-KEK-NIMS-

Fermilab 4

 
Nb3Sn Nb3Al

Nb3Sn
US-LARP

Nb3Sn

Nb3Sn Nb3Al 2
Nb3Sn Nb3Al

2
Nb3Al 2

Nb3Sn 1 Nb3Al
13 T

Q. 3D-a03  

 
Nb3Al 2,000

Nb Nb
(4.2 K) Nb3Al

Ta
Nb Ta

Ta Nb 2
 

Ta Nb3Al ( )
Nb

K1
Ta

K2 Fig. 1 SEM
1.0mm 1.0

222 36 2
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Development of nondestructive critical current density measurement 
-Third harmonic voltage method- 

OTA Shigehiro, SAITO Atsushi, OHSHIMA Shigetoshi (Yamagata Univ.) YAMASAKI Hirofumi (AIST) 
E-mail: ohshima@yz.yamagata-u.ac.jp 

 
Fig,1.  Electrical circuit of the third harmonic voltage method. 
 

 
Fig.2  Cross section picture of the copper cavity  
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Fig.3 Third-harmonic inductance V3/fIo vs. coil 
current Io/ 2 curves at various temperatures. 

Fig.4 Comparison of temperature dependence of 
Jc measured by the third harmonic voltage 
method and the transport current method. 
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Development of nondestructive critical current density measurement system(II) 
Magnetic force measurement method  

UMETSU Kazuya, SAITO Atsushi, AIZAWA Keiji, OHSHIMA Shigetoshi   (Yamagata Univ.) 
TAKANO Yoshinobu, SUZUKI Toshiyuki, TOKOO Masayoshi (Tohoku Seiki Ltd) 

E-mail: ohshima@yz.yamagata-u.ac.jp 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig.1. Schematic drawing of Jc measuring method using a 
permanent magnet, and an actual photograph 

Fig.2  Magnetic force vs. distance between a permanent magnet  
and HTS film surface. 

Fig.3  Jc distribution of HTS film measured by magnetic morce 
measurement method. 

S.Ohshima, K.Takeishi, A.Saito, M.Mukaida, Y.Takano, 
T.Nakamura, T.Suzuki, M.Yokoo." A Simple Measurement 
Technique for Critical Current Density Using a Permanent 
Magnet"  IEEE Trans. Appl .Super. 15 (2005) 2911-2914 
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Experimental Investigation of Optical Fiber Temperature Sensors 

at Cryogenic Temperatures and in High-magnetic Fields 
 

     ( )      ( )

TANAKA Yoshichika, OGATA Masafumi, NAGASHIMA Ken (Railway Technical Research Institute) 
AGAWA Hisao, MATSUURA Satoshi, KUMAGAI Yoshihiro (Yokogawa Electric Corporation) 

E-mail: 44tanaka@rtri.or.jp 
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FBG (Fiber Bragg Grating) 

[1]
1 30

BOCDA (Brillouin Optical Correlation Dom ain Analysis) 
[1] [2]
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BOCDA 2  
 

Fig.1

FBG

(Fig.2)
BOCDA 0K

50K

(Fig.3)

FBG BOCDA

1.  :  130  
(2007) 

2. Y. Yamamoto, et al. Abstract of CSJ Conference, Vol.75 (2006) p.166 

 

 

Cryostat 
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S.C. Magnet 
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Fig.2 Measurement Result of FBG Fig.3 Measurement Result of BOCDA 

 

Fig.1 Experimental Set-up 
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Fabrication and transport properties of re-stack Nb3Al wire 
by extrusion process 

TANAKA Kazuhide, NAKAGAWA Kazuhiko, TAGAWA Kohei (Hitachi cable); 
BANNO Nobuya, TAKEUCHI Takao, IIJIMA Yasuo, KIKUCHI Akihiko (NIMS) 

E-mail tanaka.kazuhide@hitachi-cable.co.jp
 

Table 1 Specifications of the re-stack Nb3Al ire. 

Second stack
(Re-stack)

Wire diameter (mm) 1.0
Number of filament 84×18(=1512)
Filament diameter ( m) 14
Barrier Ta
Barrier thickness ( m) 2.3
Matrix/SC ratio (SC fraction %) 0.80 (28%)
Cu/non-Cu ratio (Cu fraction %) 0.99 (49%)

  
Fig.1  Cross sectional view of the re-stack Nb3Al wire. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
  

 
 

Fig. 2 Magnetic field dependence of Jc measured for 
various Nb3Al wires.  

[1]N. Banno, et al.: Abstracts of CSJ Conference, Vol.76 (2007) 
P.187  
[2] . Tanaka, et al.: Abstracts of CSJ Conference, Vol.78 (2008) 
P.80 
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V-Ga Ti-Ga Ga Ga V3Ga  
Forming of V3Ga phase through the diffusion reaction using V-Ga and Ti-Ga compounds  

as high Ga content compound source materials 

1  
V3Ga

Ga Ga Cu-Ga

[1,2,3] Cu-Ga Ga
V-Ga Ti-Ga V3Ga
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1. Y. Hishinuma, et al, Supercond. Sci. and Tech., vol. 20, 

No.6, (2007), p.569-p.573. 
2. Y. Hishinuma et al., Abstracts of CSJ Conference, vol. 76 

(2007) p.188. 
3. Y. Hishinuma et al., J. Phy. Conf. Ser.97, (2008), 012131. 
4. ASM International, V-Ga binary phase diagram (1990 J. F. 

Smith)  
5. N.V Antonova et al., J. Alloys and compounds, 

vol.317-317, (2001), p.398-405. 

Fig.2 BSE images of the cross-sectional area on the TiGa3/V 
diffusion pairs after various H.T for 20h. 
 a) 700 , b) 750 , c) 800 , d) 850  H. T conditions 

a) 700 b) 700

c) 750 d) 800

50 50  

50 50  

Fig.1 BSE images of the arc-melted TiGa3 compound.    
Figs.1 a) As-cast and b) After solution H.T samples. 

a) As-cast b) After solution H. T 
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AWAJI Satoshi WATANABE Kazuo(Tohoku Univ.) 
E-mail: kenji@st.cs.kumamoto-u.ac.jp 
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[1] H. Kitaguchi, et al.: Appl.Phys. Lett. 85 (2004) 2824. 
[2] Y. Harada, et al.: Physica C 445 (2006) 884. 
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Table.1 MgB2 samples 
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Fig.1 Magnetic field dependence of Jc(T=20K B//c). 

0 2 4 6 8 100

1

2

B [T]

F p
 [1

010
 N

/m
3 ]

B//c
T=20K

Sample1
Sample2
Sample3
Sample4

Fig.2 Magnetic field dependence of Fp(T=20K, B//c). 
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In-situ MgB2/Fe Wire Sintered in Vacuum 
- Microstructure and Superconducting Properties - 

 
 ,   ( ) ;  (UOW),  ( ) 

WATANABE Yoshifumi, MATUOKA Hiroaki(CST), MAEDA Minoru(UOW),  KUBOTA Yoji(CST) 

E mail: yw4423@yahoo.co.jp  
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Mg : B=1 : 2 40 4.8 5.5mm
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Table .1
Jc SEM XRD, IC , SQUID  

Fig. 1 20K JC S1
JC S2 JC 2T

5T 2.5 Fig. 2
BC2 0T

S1 S2 TC 36.6K 37.8K
Ar

TC 1K
25K 5T TC S1 S2

JC TC

MgO MgB2

 
 
 
Table .1  Specification of samples 

Sample name       Sintering condition  

S1                  600ºC-16h in Vacuum 
S2                  600ºC-16h in Ar gas 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

[1] D.Uchiyama, et al.: Abstracts of CSJ Conference, Vol. 71 
(2004) p.108 
 

Fig. 1 Critical current densities of all samples as a function 
of applied magnetic fields at 20K 

Fig. 2 Temperature dependence of the Bc2 for all samples
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[3] Y. Yamada, et al. : Appl. Phys. Lett, Vol. 87 (2005) 132502 
[4] H. Wang, et al. : J. Appl. Phys, Vol. 100 (2006) 053904 
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Surface morphorogy and pinning property of YBa2Cu3Oy  thin film on MgO buffer layer 

TAKAGI Shogo, YOSHIDA Yutaka, ICHINO Yusuke,  
TAKAI Yoshiaki (Nagoya Univ.) ; MATSUMOTO Kaname (Kyushu Inst. Tech.) ; 

ICHINOSE Ataru (CRIEPI) ;MUKAIDA Masashi (Kyushu Univ.)  
E-mail: s-takagi@ees.nagoya-u.ac.jp 
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Fig. 2 DFM images of YBCO on MgO dots(a)  
and etched one(b). 

4.
(19676005)

1. K. Matsumoto et al., Physica C 412 (2004) 1267-1271. 
2. H. Yamada et al., Supercond. Sci Technol. 17 (2004) 
58-64. 
3. M. Namba et al., IEEE Trans. Appl. Supercond. (2008)  
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4.

(

(19676005)

(1)B. Dam et al. : Nature 399 439(1999) 
(2)A. Diaz et al.: PRL 80 3855(1998) 
(3)J. C. Nie, H. Yamasaki et al.: SUST 16 768(2003) 
(4)M. Namba, S. Awaji et al.: ASC2008

Fig.2 Magnetic field angular dependence of Jc in
PLD-YBCO on IBAD-MgO. 

Fig.1 Jc at magnetic field of Jc in PLD-YBCO on 
IBAD-MgO and STO substrate. 

B // c, 77 K
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Characterization of (Y,Ho)BCO Films Fabricated by  
Forth Harmonic Nd:YAG Pulsed Laser Deposition 

INDIKA G. P. De Silva, MAEDA Toshihiko (Kochi Univ. Tech) 
E-mail: 108004c@gs.kochi-tech.ac.jp

1. Introduction 
   Partial substitution of some rare-earth (RE) elements 
for Y sites of YBCO is known to be one of effective 
procedures to increase critical current density in an 
external magnetic field. The replacement of Y by RE 
causes local distortion of the crystal structure and 
electron density and as a result strain induced pinning 
improvements are occurred [1]. These effects depend on 
valence and size of RE ion. In this work, Ho is selected 
as the dopant because the ionic radius of Ho is almost 
similar to Y and therefore lattice distortion has not 
occurred. It may be possible to create the pinning effect 
as a result of different electron potential energies in 
randomly distributed Y and Ho sites. Even though high 
quality films have been prepared mostly using an 
excimer lasers, Nd:YAG laser was used in this study 
because it has some advantages over the excimer lasers. 
These advantages were reviewed in this study. The 
objective of this work is to prepare thin films of (Y1-

xHox)Ba2Cu3Oz ,(x=0, 0.3, 0.5, 0.7 and 1) with improved 
texture quality and current characteristics, using forth 
harmonic Nd:YAG laser and study the effect of Y:Ho 
ratio on these characteristics. 

 2. Experimental Procedure 
   Thin films of (Y1-xHox)Ba2Cu3Oz , x=0, 0.3, 0.5, 0.7 
and 1) were deposited on (100) STO single crystal 
substrates by PLD method using fourth harmonic (266 
nm) Nd:YAG lasers. Special attention was paid in setting 
laser parameters: pulse repetition rate, pulse duration 
(FWHM) and pump energy in order to enhance the 
quality of film. c-axis orientation of prepared thin films 
was analyzed by means of X-ray diffractometry (XRD: 
-2  scan) and in-plane texturing was assessed by 

conducting  XRD scan. Critical current (Ic) and 
critical temperature (Tc) were measured using standard 
four-probe method. Ic was measured at 77 K for narrow 
bridge in patterned samples using 10 μV/cm criterion. 
Film thickness was measured using the cross-sectional 
image obtained by Field Emission Scanning Electron 
Microscopy (FE-SEM). 

3. Results and Discussion 
   c-axis oriented films were prepared for varying 
compositions of (Y1-xHox)Ba2Cu3Oz ,x=0, 0.3, 0.5, 0.7 
and 1 by adjusting PLD parameters as shown in Table1. 
It should be noted that all films contained both "cube-on-
cube" and a small amount of "45˚ rotated" configurations 
("cube-on-cube" is predominant). Thicknesses of all 
films were ranged between 200 nm and 250 nm and 
average film deposition rate was calculated as 11 
nm/min.  Tc and Jc valves were obtained in the range of 
87-90 K and 0.1-1.5 MA/cm2 (at 77 K and self field), 
respectively (Table 2 and Fig. 1). Present experimental 
results showed that the Y/Ho ratio does not cause 
obvious changes in texture quality because of the nearly 

equal ionic radii of Y and Ho. As shown in Figure 1, 
Y/Ho ratio dependence of Jc was not clearly observed.  
For x=0.5, extremely low Jc was obtained which may be 
caused by some experimental error such as failure in 
oxygen annealing. Results obtained in this study further 
clarify the almost same conclusions of previous studies 
conducted on (Y,Ho)BCO films [2]. 

Table 1. Optimized parameters for (Y1-xHox)Ba2Cu3Oz
films. 

Table 2. Current characteristics of (Y1-xHox)BCO films 

Fig. 1. Y/Ho ratio dependence of Jc.
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Sample name (a) (b) (c ) (d) (e) 

Composition x=0 x=0.3 x=0.5 x=0.7 x=1
Indicated temp. (°C) 840 840 850 857 865
O2 pressure (Pa) 45 45 45 45 45 
T-S distance (cm) 37 37 37 37 37 
Energy density (Jcm-2) 1.8 1.8 1.8 1.8 1.8 
Deposition time (min) 20 20 20 20 20 

Sample name (a) (b) (c ) (d) (e)

Composition x=0 x=0.3 x=0.5 x=0.7 x=1
Ic (mA) 310 316 27 367 186 
Thickness (nm) 250 200 200 250 200 
Bridge width (μm) 108.3 104.2 97.4 116.3 112.2
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Fig.1 Illustration of the Dy123 samples with Pt- Rh wires. 

Table I Size and number of Pt- Rh wire for Dy123 composites 
 

Fig.2 Thermal conductivity of specimen A and B. 
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Highly efficient Magnetic separation using five-aligned superconducting bulk magnet 

FUJISHIRO Hiroyuki, MIURA Takashi, NAITO Tomoyuki (Iwate Univ.) 
and HAYASHI Hidemi (Kyushu Electric Power) 
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(Fe2O3) particles dispersed in water after passing the 5 and 10 
magnetic poles by high gradient magnetic separation (HGMS). 
The results without magnetic field were also presented as 
baselines. 
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Investigation of separation phenomenon for ultra-fine particle  
by magnetic chromatography method (part III) 

K. Kataoka, R. Iwamoto, S.B. Kim, S. Murase (Okayama University), 
S. Noguchi (Hokkaido University), H. Okada (NIMS) 

kim@elec.okayama-u.ac.jp 
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High gradient magnetic separation of dissolved organic matters by magnetic 
mesoporus activated carbon 

  image of MMPC. 

Table. 1 Parameters for adsorption experiment. 

Fig. 2 Residual ratio of Humic acid for filtered sample water.  

Fig. 3 Comparison of elimination between filteration and high 
gradient magnetic separation. 

2P-p24 磁気分離 (1)
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Study for spatial magnetic modulation using superconducting bulk magnet 

YAEGASHI Kouichi, FUJISHIRO Hiroyuki, NAITO Tomoyuki, YOSHIMOTO Noriyuki (Iwate Univ.) 
 (E-mail: fujishiro@iwate-u.ac.jp)  
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1007. 

 Fig. 1. Experimental setup for spatial magnetic field 
modulation using superconducting bulk magnet and 
ferromagnetic iron plates, which are periodically sandwiched 
with spacers.   
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Fig. 2. The line scan profiles of magnetic field 0.5 mm above 
the iron plate array stacked with spacer under the conditions 
of (a) W=0.3 mm and (b) W=1.2 mm. 
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Fig. 3 The line scan profiles of magnetic field in liquid N2 0.5 
mm above the iron plate array stacked with and without 
superconducting (SC) bulks.  
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Fig. 1  Schematic illustration of test spinner. 

Fig. 2  Levitating turn table 
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Fig. 3  Transfer torque characteristics of magnetic coupling 

1. S. Fukui, et al., : Abstracts of CSJ Conference, Vol. 73 
(2005) p.252.
S. Fukui, et al., : Abstracts of CSJ Conference, Vol. 77 
(2007) p.179.

Tab 1 Specification of test spinner 
Rotational speed 2000 rpm (Max. 3000 rpm)

Acceleration
( |d /dt| (rad/s2))

1500 rpm/s 
(157.5 rad/s2)

Diameter of turn table 
Weight of turn table 

220 mm 
2.5 kg 

Levitation height 
Necessary transfer torque 
Capacity of drive motor 

5-10 mm 
2.4 Nm 
1 kW 

Load 0 kg
Acceptable vibration Not designed 

Operating temperature 30 K 
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1. K. Riku, et al.: Abstracts of CSJ Conference, vol. 79 (2008) p.182. 
2. Y. Ishigaki, et al.: IEEE Trans. Appl. Supercond., (2009) to be 

published. 

 
Fig. 1 Schematic drawing of experimental setup for measurement of 
restoring force. 
 

(a) Levitation force               (b) Restoring force 
Fig. 2  Experimental and numerical results of levitation height and 
restoring force. 
 

Current density (A/m2) 

 
(a)                          (b) 

Fig. 3  Distributions of shielding current at a lateral displacement of 5 
mm. (a) Cross-sectional view, (b) Surface of HTS bulk 
 

Force (N) 

 
(a)                           (b) 

Fig. 4  Distributions of Lorentz force at a lateral displacement of 5 
mm. (a) Cross-sectional view, (b) Surface of HTS bulk 

2P-p31 電力応用 (2)



第80回　2009年度春季低温工学・超電導学会― 179 ―

Bi2223

333.7mm Bi2223 200 m mm
Ic=140A@77K FRP

300 rpm

Ice Packing Factor
0 % 20 % 40 %

2
11  V12 V23

Cernox V23 V67 V1011

3

agag
n

cscc ITRTIIV )()(0 (1) 
Vc Ic Isc Iag

Rag n T

STThVIdtdTC b   (2) 
C t

h S
Tb h

IPF
Kutateladze

390A 2s
40

14 15 Fig.1

IPF
Fig.2

 
 
 
 
 
 
 
 
 

 

Fig.1 Numerical and experimental results on over-current of 
390A in IPF 40% 

 
 
 
 
 
 

 

 

 

Fig.2 Experimental results of transport current vs. voltage 

1.  VEREIN DEUTSCHER INGENIEURE: 
LEHRGANGSHANDBUCH KRYOTECHNIK, 
(1982)p.214-218 
2.  I.L.Pioro, W.Rohsenow, S.S.Doerffer: International Journal 
of Heat and Mass Transfer 47, (2004)p.5045-5057  
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MOD-RE2 Zr2O7 REBCO

Preparation of the smooth surface on the metallic substrate using MOD RE2Zr2O7 
layer for low cost coated conductors.  

 

ISTEC-SRL  
( CS) 

 

Y.Takahashi, M.Yoshizumi, T.Itoh, A.Ibi, N.Miyata, H.Fukushima, T.Izumi, Y.Shiohara (ISTEC-SRL) 

Y.Aoki,T.Hasegawa (SWCC Showa Cable System Co. Ltd). 

 

e-mail: y.takahashi@istec.or.jp. 
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Long length LMO layer fabricated on IBAD-MgO substrate  
HATAKEYAMA Hideyuki, FUKUSHIMA Hiroyuki , YOSHIZUMI Masateru, MIYATA Seiki, IBI Akira, YAMADA Yutaka, 

IZUMI Teruo, SHIOHARA Yuh  
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Fig. 1 Setting temperature dependences of in-plane grain 
alignment ( ) of CeO2 layers for 4 layered IBAD-MgO 
substrate  

 
 
 
 
 
 
 
 
 
 
 

Fig. 2   Ic distribution for 100m long samples and in-plane grain 
alignment ( ) distribution of PLD-CeO2 layers. 

 
 
 
 
 
 
 
 
 
 
 

Fig. 3   Thickness dependences of in-plane grain alignment  
( ) of CeO2 layers for 3 layered IBAD-MgO substrate 
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Fig. 1  Structure of the bi-axially textured substrates. 
(a)i-GZO based (b)i-MgO based 

Fig. 3  Longitudinal Ic distribution of 115 m-length GdBCO 
coated conductor fabricated at the rate of 13.3 m / h. 

Fig. 2  Temperature dependence of Ic for short GdBCO 
samples fabricated at the rate of 40 m / h. 
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Development of CeO2 buffer layer for coated conductors by RF-Sputtering (2) 
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Fig. 1  Manufacturing yield of the YBCO tapes. 
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Fig. 2  Distribution of mean value the critical 
current of the 30m-class YBCO tape. 
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YBCO thin films prepared on textured-Cu/SUS tapes with different YSZ layer thickness 

DOI Toshiya, TOMIYASU Ryota, TOKUDOME Makoto, DAIO Manabu, HAKURAKU Yoshinori (Kagoshima University)
KUBOTA Shuichi, SHIMA Kunihiro (TANAKA Kikinzoku Kogyo K.K.)  

KASHIMA Naoji, NAGAYA Shigeo (Chubu Electric Power Co.) 
E-mail: doi@eee.kagoshima-u.ac.jp

Fig.1  Magnetic field dependence of Jc curve for the 
YBCO film on CeO2/YSZ/CeO2/Ni-electroplated Cu tape 
at 77 K. 

[1] M. Tokudome et al., J. Appl. Phys. vol.104(2008)103913 
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Improvement of critical current properties of in situ PIT MgB2  tapes by applying hot pressing 

 

 

Figure1 An example of the hot pressing schedule (630 ,5h). 

 

 

 

Figure2 Cross sections of the tapes (a) without hot pressing, 

and (b) with hot pressing. 

 

 

 

 

 

 

 

 

 
 

 

Figure3 Jc-B curves of the hot pressed MgB2 tapes. 
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Fig.1 Powder XRD pattern and surface XRD patterns of 
as-depo sample and MgB2 bulk heated at 950°C for 24 h.

Fig. 2  Magnetic field dependences of Jc at 20 K for 
MgB2 bulks under Ha//H and Ha H. 

c MgB2  
Synthesis of c-axis oriented MgB2 bulks by the magnetic method 

MOCHIZUKI Toshihiko, SHIMOYAMA Jun-ichi, OGINO Hiraku, KISHIO Kohji(University of Tokyo),  
HORII Shigeru(Kochi University of Technology) 

E-mail: tt086731@mail.ecc.u-tokyo.ac.jp 
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[1] C.G.Zhuang et al.,J. Appl. Phys. 104, 013924 (2008) 
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Fig.1 Dependence of transport-current losses for different 
temperatures on current amplitude 

Fig.2 Dependence of transport-current losses for different 
frequencies on current amplitude 
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1. K. Kajikawa, et al.: Abstracts of CSJ Conference, Vol. 77 
(2007) p.59  

2. T. Nakamura, et al.: Supercond. Sci. Technol., 21 (2008) 
085006 

3. Y. Yamada, et al.: 2009 Annual Meeting Record, I.E.E.Japan 
(2009) No. 5-120 

4. T. Kawano, et al.: Abstracts of CSJ Conference, Vol. 79 
(2008) p.201 

5. , : , ,
(1995) p.25

Table 1. Specifications of MgB2 sample wire 
Structure MgB2/Nb/Cu 
Number of filament Mono-filament 
Diameter of wire 
Diameter of filament 

0.8 mm 
0.555 mm 

Critical current at self-field 535 A @ 4 K 
128 A @ 29.2 K 
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Table1 Parameters of MgB2 samples 

 

Fig. 1 Increase in critical current densities in MgB2 filament 
with high aspect ratio cross-section.under the 7T. 
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Fig. 1 Decrease in effective filament diameters in MgB2 
filament with high aspect-ratio cross-section. 
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3C-a01 磁気分離 (2)
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Fig.2 Test result of the COD value before and after the 
magnetic filtration. 

Fig.1 Schematic illustration of the magnetic filtration system. 
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  http://www.miyama.net/activities/recycle/case/case.html 
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1. K. Agatsuma, et al.: Abstracts of CSJ Conference, vol.77, p.132 
(2007). 

2. H. Ueda, et al.: Abstracts of CSJ Conference, vol.77, p.133 
(2007). 

3. K. Agatusma, et al.: Abstracts of CSJ Conference, vol.78, p.126 
(2007). 

4. K. Agatusma, et al.: Abstracts of CSJ Conference, vol.79, p.218 
(2008). 

5. H. Ueda, et al.: Abstracts of CSJ Conference, vol.79, p.219 
(2008). 

 
Fig. 1  HGMS for Medical Application. 

 

 
Fig. 2  Demagnetization LRC circuits added to superconducting magnet 
to improve the recovery ratio of magnetic nano-beads. 
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Table 1 Test 1
Fig. 1 MEL-A

HSA
MEL-A

MEL-A 5 mL
IgG 0.05 mg MEL-A
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5 mL  

 
 

Table 1 Test 2
Fig. 2 IgG 1 mg/mL 1 mg/mL

1 mg/mL
Langmuir 1 mg/mL

Freundrich Langmuir
2.9 x 106 

M-1  
 

1. K. Agatsuma, et al.: Abstracts of CSJ Conference, vol.77, 
p.132 (2007). 

2. T. Imura, et al.: Journal of Ole Science, vol.57, 
pp.415-422 (2008). 

3. T. Imura, et al.: Biotechnol Lett, vol.29, pp.865-870 
(2007). 

Table 1 Experimental conditions 
 Test 1 Test 2 

 40 mg 
MEL-A  200 rpm 1 h  

MEL-A  1 – 5 mL 5 mL 
HSA  1 mg/mL 

HSA 3 
IgG  0.05 mg/mL 0.05 - 3 mg/mL

 1 mL 
 GPC 

 

 
(a)  (b) 

Fig. 2  Experimental results. (a) Relationship between amount of 
MEL-A and binding of protein. (b) Relationship between binding 
and concentration of IgG. 
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Improvement of coil performances by use of multifilamentary superconducting tapes

, , ,  ( )
FURUBEPPU Tadashi, HOSHIHIRA Yugo, KAWAGOE Akifumi, SUMIYOSHI Fumio (Kagoshima University) 

E-mail: k4849803@kadai.jp 
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Fig.3 3.3
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Fig.4
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1. A. Jikuzono, et al. :Abstracts of CSJ Conference,  
Vol. 75 (2006) p. 155. 

2. Y. Fukushima, et al. :Abstracts of CSJ Conference,  
Vol. 77 (2007) p. 240. 

Fig.4 Dependences of critical currents in coils on the aspect 
ratio of tape cross section.  

Fig.3 Dependences of coupling losses in coils on the aspect 
ratio of tape cross section. 

Fig.2 Reference 

Fig.1 Proposed hybrid coil  
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A Quench Monitoring System of Superconducting Coils by Using the Poynting’s Vector Method 
 Improvement of Sensitivity 

KAMINOHARA Shinichi, HABU Kisato, KIMOTO Takeru, KAWAGOE Akifumi, SUMIYOSHI Fumio (Kagoshima University); 
OKAMOTO Hiroshi (Kyushu Electric Power Co.,Inc.) 

E-mail: k6224561@kadai.jp 
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Fig. 3

Fig. 1 Examples of sensor arrangements to measure the 
Poynting vector. 

(a)                           (b) 
Fig. 2 Top views of improved sensor arrangements. 

(a) near return pass, (b) far return pass 

Fig. 3 Measured loss component of voltage. 
Referrence 
[ ] M.Tokuda, et al.: Abstracts of CSJ Conference, Vol.79 
(2008) p.22 

3D-a02 コイル応用 (3)



第80回　2009年度春季低温工学・超電導学会― 211 ―

Design of a high field Nb3Al common coil magnet 
 

Q. Xu K. Sasaki T. Nakamoto A. Terashima K. Tsuchiya A. Yamamoto (KEK); 
A. Kikuchi T. Takeuchi (NIMS) 

E-mail: qingjin.xu@kek.jp 

 
1. Introduction 

  A research and development program of “Advanced 
Superconducting Magnets for the LHC Luminosity Upgrade” has 
been carried out since 2006, in the framework of the CERN-KEK 
cooperation program. It aims to develop high field superconducting 
magnets expected in the LHC luminosity upgrade with A15 
superconductor. The first stage (2006-2008) has progressed in 
focusing to establish Nb3Al superconductor and cable technology to 
prepare for the high field magnet application. At the second stage 
(2009-2011), a Nb3Al common coil magnet will be fabricated, to 
demonstrate the feasibility of high field magnet wound with Nb3Al 
cable, and also, as an R&D of the advanced structure for the high 
field magnets.   

The design of the Nb3Al high field magnet has been started from 
2007, under collaboration with LBNL. The original 2D design was 
presented in references [1]. This paper presents the detailed 3D 
design and some new modifications. 

 
2. Magnetic design 
The common coil concept was adopted in the design of this 

magnet [2]. 3 Nb3Al coils sandwiching 2 Nb3Sn coils. The two kinds 
of coils were designed with different straight length, to reduce the 
peak field at the Nb3Sn coils. For the Nb3Al coils, the overall outer 
length is 200.5 mm; the width and the height are 100.5 mm and 30.8 
mm respectively (14 turns per layer and 2 layers per coil). The peak 
field is 13.2 T, located at the center of the straight part. For the Nb3Sn 
coils, the overall length is 252.9 mm; the width and the height are 
100.5 mm and 16.9 mm respectively (20 turns per layer and 2 layers 
per coil). The peak field is 11.9 T, located at the end part. , Fig. 1 
shows the 3D Ansys model for the magnetic and mechanical 
simulation. Fig. 2 shows the load line of the magnet. 

 
3. Mechanical design 
To simplify the future assembly process, the shell structure was 

adopted in the mechanical design of the magnet [3]. Four 
36mm-diameter aluminum rods apply the axial stress to the coils. 
The thermal contraction of the aluminum shell and rods, together 
with the pre-stress applied at the room temperature, to overcome the 
Lorenz force of the coils. With the assumption that the cryogenic 
cement can sustain 20 MPa separation stress, the pre-stress in three 
directions were optimized, as shown in Fig. 2. In x direction, the 
pre-stress is 55 MPa, and in z direction, it is 159 MPa. Y direction 
pre-stress is applied by the deformation of the shell during the x 
direction bladder operation. 

Several bladders were tested with high water pressure. The burst 
pressure of the tested bladders differs from 69 MPa to 103 MPa.  

 
4. Development status and future schedule 
The Cable for the first Nb3Al coil has been fabricated and wrapped 

with ceramic insulation material. The winding process will start soon. 
For the following two coils, the cable will be fabricated in the end of 

this year and the mid of next year.  
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  Fig. 1. 3D model for the magnetic and mechanical simulation  

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 2.  Load line of the magnet 
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