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Magnetic Flux Trapping in Bulk Superconductor under Off-axis Field Cool Magnetization

LI Zhi, IZUMI Mitsuru (TUMSAT); IDA Tetsuya (NIT Hiroshima College); MIKI Motohiro, MATSUUMI Ryo; (TUMSAT); 
ZHANG Yufeng, ZHANG Xiaojuan (SHIEP) 

E-mail: d142021@kaiyodai.ac.jp

1. Introduction
HTS bulk has a promising performance being able to sustain 

higher magnetic field source compared with permanent 
magnets (PMs) once activated. The trapping magnetic flux 
potential of melt-textured HTS bulk has been reported to 17 T 
at 29 K, 11 T at 47 K and 3 T at 77 K [1-3] under field cooling
magnetization (FCM) when external magnetic field is parallel
with c-axis of bulk material. However, more detailed 
information about the trapping flux behaviors under off-axis 
field cooling magnetization is necessary for engineering 
applications of Gd-Ba-C-O bulk. In this paper, we perform 
experiments to clarify the trapping flux behaviors of 
single-grain bulk Gd-Ba-C-O 60 mm in diameter using off-axis 
FCM process with inclination angle (  = 0°, 30°, 45°, 60° 
and 90°) at 77K and under 3T, where is the angle between 
the c-axis and the applied field.

2. Experimental
A cylindrical GdBCO bulk sample with dimension of 60 × 

20 mm3 was selected to investigate the corresponding trapping 
flux behavior using off-axis FCM method as shown in Fig.1 
(a).

All these FCM experiments were performed using a 5 T 
LTS solenoid magnet system with a 300 mm room temperature 
core (JMTD – 5T 300M – PC, Japan Magnet Technology, Inc.). 
The field sweep rate was setting at 1.39 mT/s during the 
excitation and demagnetization processes. The sample was 
cooled by liquid nitrogen under 3T with inclined of 0°, 30°, 
45°, 60° and 90° to the c-axis of the sample respectively. For 
inclined angle of 90°, we defined the arrangement pattern 
according to the angle between the c-axis and the applied field 
on vertical direction, where aligned growth sector boundary 
(GSB) pattern means one GSB is parallel to the applied field 
and misaligned GSB pattern means one GSB has a 45° angle
with the applied field as shown in Fig. 1(b). We chose those 
two magnetization arrangement geometries to further explore 
the influence of anisotropic properties of bulks on the trapping 
flux behaviors. After demagnetization process, a 15-minute 
time interval before measurement was requisite considering 
possible relaxation influence on the trapping flux behaviors. 
Lastly, the trapping flux distribution was measured at every 1 
mm distant by a cryogenic Bell Hall sensor (BHT921) 
mounted on an X-Y-Z movable platform with measurement 
range of 70 × 70 mm2 above the a-b plane. The total gap 
between the target surface of the sample and the active area of 
the Bell Hall sensor was strictly adjusted to 0.5 mm, including 
the thickness of protection mould of sensor 0.3mm.

3. Experiment Results and Analysis
Particularly high trapped fields were achieved when is 0°, 

with a maximum value of 1.60 T. Figure 1 (a) shows the 
experiment setup for measuring trapping flux behavior under 
off-axis FCM method. 

We can find the peak value of trapping flux density 
decreases monotonously with the increasing . The peak 
trapped flux density doesn’t change obviously till is 30°, as 
much as 96.25% of the = 0° condition. The bulk can still trap 
1.07 T under 45° inclination, equaling 85 % of = 0° condition.
The peak value decreases rapidly when the is larger than 60°. 

Considering the anisotropic properties of bulks, trapping flux 
density distribution in growth sectors and growth sector 
boundaries were also analyzed as shown in Fig 1 (c). Four 
represent lines were chosen to figure out the trapped flux 
behavior.

Figure 1 (a) Experiments for measuring trapping flux behavior 
under off-axis FCM; (b) Applied flux polarization 
configuration for GSB; (c) The four chosen area for trapping 
flux behavior analysis including GSB and GS areas. 

Figure 2. Influence of inclination angle of applied magnetic 
field on trapped flux density peak value and integrated trapped 
flux. 

4. Conclusion 
We have performed the experiment to clarify the trapping 

flux behavior of Gd-Ba-C-O under off-axis field cooling 
magnetization method. The maximum trapped field decreases
monotonously and the ratio of trapped flux area over Bave
increases with increasing inclination angle. Till =30°, the 
integrated trapped flux doesn’t change obviously. These results
give us more support for the future design of the applied HTS 
machines magnetization system.

Reference
1. Tomita, M., Murakami, M.: Nature 421, 517 (2003). 
2. Gruss, S., Fuchs, G., Krabbes, G., et al.: Appl. Phys. Lett. 79, 

3131 (2001). 
3. Nariki, S., Sakai, N., Murakami, M.: Supercond. Sci. 

Technol. 18, S126 (2005).
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Conditions Nb-doped SrTiO3 YBCO
Wavelength (nm) 248 248
Frequency (Hz) 20 2
Laser Energy (mJ) 240 200
Gas 2%H2+98%Ar O2

Pressure (Pa) 1.2x10-2 35
Temperature (ºC) 600 790
Thickness (nm) 120 160
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Improvement of laser scribing technique for fabrication of multi-filamentary coated conductors 

Takato MACHI, Jin Liu, Teruo Izumi (SRL-ISTEC, iSTERA); Masataka Iwakuma (Kyushu univ.) 
E-mail: machi@istec.or.jp 

REBa2Cu3O7-d (REBCO)

 
Fig.1 The time dependence of magnetic relaxation in different 
resistance specimens between filaments. 

[1] T. Machi, et al., Supercond. Sci. Technol. 26 (2013). 
[2] T. Machi, et al. Abstracts of CSSJ Conference,

[3] Y. Yanagisawa and H. Maeda, Teion Kogaku 48 (2013)165. 
[4] M.N. Wilson: “Superconducting Magntes”, Oxford Science 

Publishing (1996). 
[5] Fukuyama, et al, JST 

(H20~24).
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Fig. 1 Pinning force at the measurement temperature of 20 
K in 1.5 vol.% BHO doped SmBCO superconducting 
thin film. 
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Fig. 2 Cross - sectional TEM image of (a) 750  sample 
and - (b) 810  sample. 

(23226014 25289358
15H04252 15K14301 15K1430)

(AMED)
 

[1] S. Miura et al.: Supercond. Sci. Technol. Vol. 28(2015) 
p. 65013
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IBAD-MgO BaHfO3 SmBa2Cu3Oy  

The longitudinal magnetic field effect for BaHfO3-doped- SmBa2Cu3Oy multilayered films 
with various layer numbers deposited on IBAD-MgO buffered metal substrates 

SHIMAZAKI Naoto, SUGIHARA Kazuki, ICHINO Yusuke, YOSHIDA Yutaka (Nagoya Univ.) 
E-mail: shimazaki-naoto15@ees.nagoya-u.ac.jp 
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Table 1 Specification of samples 

Sample 
BSO 

number of 
pulses 

number of 
layers Ts[°C] Tc[K]

pure750 - - 750 88.2 
pure770 - - 770 89.7 

BSO(1,100)750 1 100 750 85.8 
BSO(1,100)770 1 100 770 87.7 
BSO(10,10)770 10 10 770 86.5 

 
(a) 
 

 
(b) 
 

Fig 1 Angular dependence of Jc at (a) T = 65 K B = 1 T  
(b) T = 65 K B = 5 T  
 

[1] T. Horide, et al.: Supercond. Sci. Technol. 26(2013) 075019 
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Uniaxial Strain Dependence of Critical Current of Practical REBCO Wires 

OSAMURA Kozo (RIAS); MACHIYA Shutaro (Daido Univ.); and HAMPSHIRE Damian (Durham Univ.) 
E-mail: kozo_osamura@rias.or.jp 

Fig. 1 Two techniques for evaluating of uniaxial strain 
dependence of Ic, where G10 is insulator, SG is strain gage, 
and SB is springboard, respectively.
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Fig.2 Normalized critical current as a function of applied strain 
for Superpower tapes measured by means of (a) (FS) and (b) 
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1. K Osamura, S Machiya, D P Hampshire, Y Tsuchiya, T 
Shobu, K Kajiwara, G Osabe, K Yamazaki, Y Yamada and 
J Fujikami, 2014 Uniaxial strain dependence of the critical 
current of DI-BSCCO tapes Supercond. Sci. Technol. 27 
085005 (11pp)
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1. P. Mele, et al.: Supercond. Sci. Technol. 21 (2008) 032002 
2. A. Tsuruta, et al.: Supercond. Sci. Technol. 27 (2014) 

065001 
3. T. Usami, et al.: TEIONKOUGAKU vol.50 No.8 (2015) 

p.409 

Fig. 1 Bending strain dependence of Ic for Pure-GdBCO CCs The 
arrows indicate the peak strains. 
 

Fig. 2 Bending strain dependence of Ic for BHO-doped GdBCO CCs.
The arrows indicate the peak strains. 
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SAKAMAKI Yuta, NINOMIYA Akira, NOMURA Shinichi (Meiji Univ.)  
E-mail: ce41044@meiji.ac.jp 
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Fig. 1 Delamination diagnosis methods using ultrasonic waves 

based on the discrete arrangement of the AE sensors (a) and 
the opposite arrangement of the AE sensors (b). 

.

Fig. 2 Frequency dependence of the ultrasonic transfer 
characteristics on the heating temperature. 

Fig. 3 Comparison of the AE signal intensity between the 
unheated sample and the heated sample around the resonance 
frequency. 
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Current crowding and critical currents in crossed superconducting nanostrips 

 ( ) 
MAWATARI Yasunori (AIST) 
E-mail: y.mawatari@aist.go.jp 
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Ig Drain Ich  

Ich Ig yTron

( )
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P
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[1]  

Fig. 1: Configuration of the new superconducting three- 
terminal device element, “yTron”. The gate current Ig and the 
channel current Ich are injected, and the current crowding 
occurs at the sharp intersection P. 
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[1]   

[1] A. McCaughan, “The yTron: A nanoscale superconducting 
3-terminal device for inline readout of superconducting 
currents,” presented at 16th International Workshop on Low 
Temperature Detectors (LTD 16). 

   http://ltd16.grenoble.cnrs.fr/spip.php?article21 
[2] D. A. Buck, Proceedings of the IRE 44, 482 (1956). 
[3] J. R. Clem and K. K. Berggren, Phys. Rev. B 84, 174510 

(2011). 
[4] J. R. Clem, Y. Mawatari, G. R. Berdiyorov, and F. M. 

Peeters, Phys. Rev. B 85, 144511 (2012). 
 

 
Fig. 2: Simplified yTron configuration with zero intersection 
angle. Two superconducting nanostrips of widths wa and wb 
carry transport currents Ia and Ib, respectively.  
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Multi-scale modeling of current-voltage characteristics in long length HTS tapes 

KISS Takanobu  HIGASHIKAWA Kohei  INOUE Masayoshi  SUZUKI Takumi (Kyushu Univ.);  
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Fig. 1 Ic variation in a Bi-2223 tape visualized by scanning 
Hall-probe microscopy. Electric field criterion is 2
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Fig. 2 (a) Site specified measurements on I-V characteristics 
and (b) analytical expression based on the Ic(x) shown in 
Fig. 1. 
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