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Characteristic Pulsed—Field Magnetizing of Anisotropic—Grown Y-Ba—Cu—0O Bulk

Superconducting Magnets with Use of Various numbers and Positions of Seed Crystals
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aimed at the introduction of the magnetic penetration route
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Fig.1 Appearance of Gd—Ba—Cu~O bulk superconductors 46 mm in
diameter and their trapped field distributions at 77K.
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Fig.2 Temperature dependence of trapped magnetic field of the
Gd-Ba—Cu~0 bulks shown in Fig.1.
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Numerical simulation in superconducting bulk during field cooled magnetization
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Fig. 1. Results of the simulation of trapped field B, at the center of the
bulk surface as a function of temperature under the various conditions
of J.-B characteristics. The experimental results [4] are also shown.
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Fig. 2. Time dependence of trapped field B, and temperature rise 7
during FCM process from 10 T at 40 K.
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Fig. 3. Trapped field profiles on the bulk after FCM process from 10 T

at 40 K, as a function of the distance z from the bulk surface. The
experimental results [4] are also shown.
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Fig.1 Principle of a homogeneous magnetic field generation
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Influence of the hole size on magnetizing properties of a bulk superconductor
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Fig. 1. Photographs of bulk superconductors
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Fig.1 Influence of operating temperature on the basic
performance of HTS generators

Fig.2 & HTS J& & D FEAMEREIC KIFE T E FIMED
BA R, IR EE 68 K, e T 438 mm DEETHY.
EE A% 10 m LLEICULZRW I B BN L <Y
KIDIENND, e ElakdilR 4 m 28z 50T, ¥ L
TR T 045 B S O B ST IE OB NS 10 m Ak
ZHR ORI ERORUEEO BT BV D,

350 100
= . =
S 300 ; 98
— e Generator efficiency Py
£5 250 — c
' >( .| %6 ©
S % 200 e

c 04 5
s 2 150 wet + q:
2, <._(Generator-weight x5
50 ~ 02 3
‘1:’ T 100 = 5
o
0 ‘ 88

4157 7.4 9.110.712.414.115.717.4 19 20.7
Stator outer diameter [m]
Fig.2 Influence of stator outer diameter on the basic
performance of HTS generators

— 200 —

Fig.3 1% HTS & Hiik D FLAMERRIZ ST § [0l 78R O i
U O EA R, TEERIEE 68 K. MBEL 96, [ElE TAME
14 m OLETHY, BEFEROBRE L 2 T FRE T
VAD BWVERMREER A DZENY D,

120 100
= | Generator|weight —_
é .—E.100 98 =
£= 80 —— 96 §
_%o '.E Generator efficiency _g
; G 60 04 &
T | o =
5E 40 HTS Ie—g:— | 92 S
c T — %] E
@ ©
o 2 90 S

(&}

0

co
co

1.6 1.7 1.81.851.91.95 2 20521 2.15 2.2
Magnetic flux density on the rotor core [T]
Fig.3 Influence of magnetic flux density in the rotor cores on

the basic performance of HTS generators

3. HTS # D &xi#EERET
AT 10MW B St 5212, RRikgR ST A2 DB A
%?LT%&@KU&E&%%;&JF%% Table 1 {Z"d, 5t
Ezz%ﬁ/Afﬂ(ﬁ@ﬁfxé 3 FEFHAZ/RLCRY, RN D,
WG IBAKIERE OPERE A B 7-0 | FEBHESMED 14 m
THEHEESA 0.3 m DK ORI ThH D,
o RIEEER R ISR M KT HO T, HTS S
1% 68, 50 K TI% 77 K iE#ziFo 2/5, 1/5 IR T& 5,
. %é%z%@%zi 102 ~ 106 hrTHY, KIEIZ/R2DITE %
IR EALT D0, WHENRE OB/ S,
50 K JEHRIRFO MR EN I XM L0 E E LR T 5,
JALOD,H H, BURTIL 68 K IR ELWEE 25,

Table 1 Main optimized design results of HTS generators
(10 MW, 10 rpm, 3.3 kV, 96 poles, 8 Hz, pf=1.0)

Operating temperature [K] 77 68 50
Coolant for field winding LN, Sub-cool LN,  Conduction
Stator outer diameter [m] 14.1 14.1 14.1

Stator length [m] 0.312 0.313 0.316
Magnetic flux [Wb/pole] 0.119 0.119 0.119
Mag'neti'c flux density 1.10 1.10 1.09
in air gap [T]
Magnetomotive force of
field winding [kA/pole] 36.7 339 354
HTS field current [A] 64 134 293
Length of HTS wires [km] 104 42 22
Rotor weight [ton] 49 46 45
Generator weight [ton] 106 103 102

Armature copper loss [kW] 271 271 271
Refrigerator power [kW] 30 42 105
Generator efficiency [%)] 96.5 96.4 95.8
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Fig.1 Photograph of fabricated HTS stator
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Fig. 2 Voltage(V)—current(/) curves of DI-BSCCO®
stator coil (Fig. 1).
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Study of superconducting flywheel energy storage system for power plant
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A BT E L2 E THY | R FMHE LB D7 4T A
URNTALT 7 e U O AR SERR ) )7 it
WB, ZOM T T, RN K ELE BT AN O
HEVELZENCEDRHEN DD, ZDOIH72HERIROL DEF
HHEANADHILIZEY, H oAU R B Uz A H) M k
T2, MEEEILERK T 3,000~6,000min' TEREL., iz
V. AU 1,000kg T 30kWh #%., 3,000kg T 100kWh .
10,000kg T 300kWh &V NoT= 2 — LT w7 INTED,

IO EEMERLEM VIR ET D AT
—HZREZREIRBEEEaAL, o—X—HIREEE L
IR LR CRRR T A G L LT, F70, IR
S DRI F M O E A1 I D=0 | KIS T D %
AR TS 0y D A ACPRIE L, B AR B RGN L 7o 2t ek
JEETDHDODFIRE/R MR E LT, 7B B B3 K AT
AR BB A AL, B A BREROE R TRAELLVED
%9 %, (Fig.1)

3. KIEAREMEDRMESR

FEAERABRE U CILBLIRCK £ 1L o0 KBS 56 B T L2 8t L R
WL ERREETITO T IE THD, (Fig. 2)

FERERER Tl REELFELLE LT 6.6kV 220 /A Tl
RTHTETHLIN, BV 78 OB RZELRFL
TNETZUN,
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BIE, AL EAITIRD T 4, KA BERET
FOVRIERE DR EL o TETBY, 7948 — L EE
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Fig.1 Flywheel energy storage system using superconducting
bearing
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Fig.2 Circuit diagram of photovoltaic power plant

SEHK
. Arai, Yoshizawa, Kashiwagi, Nagashima: “Contactless
rotation of high temperature superconducting magnetic
bearing over 20-kN load ”, Spring meeting of Cryogenics
and Superconductivity, May 2013 (in Japanese)
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Fundamental study on variable reactor using a high temperature superconductor
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(LS DL OB EEZRNEL, A F T2 AD Magnetic flux density applied to bulk [mT]
A EAEH LU=, Fig.3 Magnetic shielding characteristics of YBCO bulk
with applied magnetic field
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Z il LT IRp D8RO N DTG HRCES B O E S % Fig.3 12, %
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Fig.4 Inductance of primary coil as a function of magnetic flux density
applied to YBCO bulk
5. F&o

BN N RaAIL, i AV BN R LR SE 3k
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Evaluation of current—carrying properties of HTS linear switched reluctance motor
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Fig.1 Cross section of the helical coil perpendicular to the
coil winding direction.

Fig.2 (a) Spatial stress distribution of the support
structure. (b) Longitudinal strain distribution in a helical
coil cross section.
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Fig.3 In—plane shear stress distribution in a
superconductor.
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Fabrication and testing of a 100 kA-class HTS conductor developed for
the helical fusion reactor —(1) Overview—
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Fig.1 Cross-sectional image of the 100kA-class HTS conductor
sample.
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Fig.2 Waveforms of the sample current and bias magnetic field
measured at temperature 20 K (upper) and 4.2 K (lower).
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Fabrication and test of a 100 kA class HTS conductor to be used for a helical fusion reactor
(2) Evaluation of joint resistance
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GdBCO tapes
(Indium films are put
on joint surfaces)
Actual layout is 3-row and 14-layer (42 GdBCO tapes having 10 mm wide)
Length of one joint: 30 mm/1-layer x 14-layer = 420 mm

Rogowski coils Joint region (3-row, 14-layer)

860 mm

Continuous region (3-row, 18-layer)

1410 mm
Fig. 1 Sample's structure in the test
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Fig. 2 Joint resistivity as a function of applied current in a pilot
experiment.
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Fig. 3 Joint resistance and joint resistivity as a function of bias

magnetic field (sample current is also shown in this figure)
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Influence of Twist Pitches on Circulation Current Distribution in a CIC Conductor
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Table 1 Specifications of CICC

number of strands 486

strand diameter [mm] 0.89
cable size [mm] 20.5X24.8

conductor length [mm] 4000
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Fig.1 Circulation current distributions in two types of CICCs
with different twisting pitch combinations
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Effects of subcooling on the length of a propagating normal zone in the LHD helical coils..
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Fig. 1. Minimum propagating current, I, ,, of LHD helical coil.
The magnetic fields of LHD are at the bottom.

15 — No. Current of H-O/M/I (kA)
i 17th(4.4 K): 11.00/11.00/11.00
23th(3.9 K): 11.53/11.40/11.40
25th(3.9 K): 11.80/11.75/11.20
——17th_e-6),/0.68
~-&--23rd_e-e)/0.68
——25th_e,-e),/0.68

)

Balance Voltage, ej-ey/a (mV)
o [&)]
)g;\ |

Fig. 2. The resistive voltage at 17th, 23rd, and 25th propagation
of normal zones in the LHD helical coil.
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Fig. 3. Output of voltage taps of the helical coil conductor during
one-side propagation of a normal zone in the HC model coil.
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Fig. 4. Calculated resistive voltage at the 25th propagation. The
stopping time of the propagation is set at 0.34 s.
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