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Fig. 1. Three types of regenerator structures: (a) Normal, (b)
HoCu,-rod and (c) Pb-rod.

Table 1. Specifications of three types of bakelite rods.
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Fig. 2. Experimental results of the cooling power at 4.2 K and 40 K
as a function of bakelite volume.
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Fig.1 Schematic of the experimental system
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Fig.2 Cooling capacity and COP curves (3-buffer)
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Table 1 Dimensions of the Ti-doped MgB, bulks.

pristin
Ti5%
Ti10%
Ti20%

Diameter (mm) Thickness (mm)

38.2
34.5
35.7
35.7

6.85
6.95
7.00
6.85

Table 2 Dimensions of the MgB, bulks for diameter and thickness dependency.

Diameter (mm)  Thickness (mm)
Diameter dependence 10-100 4
Thickness dependence 40 10-60
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Fig.1 Trapped magnetic field for Ti-doped bulks as a function of Ti doping.
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Fig. 2 Diameter dependence of the trapped magnetic field on the MgB2 bulk.
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Fig. 3 Thickness dependence of the trapped magnetic field on the MgB2 bulk.
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Fig.1 Photograph of a ring-shape MgB, bulk.
(30/60 mmg, 10 mm").

Fig.2 SEM image of a ring-shape MgB, bulk magnet.
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Fig.1 Magnetic hysteresis loops at 10, 20 and 30 K of MgB,
superconducting bulk magnet.
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Thermal properties of Eu—Ba—Cu—O superconducting bulks
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Fig.1 Temperature dependence of the ab-plane and
c-axis thermal conductivity of Eu-Ba-Cu-O bulk
superconductors.
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Superconducting properties of ex situ processed tapes using refined MgB,_ C_powders
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Fig. 1. J.-B properties of Fe-sheathed MgB, tapes with a

thickness of 0.5mm.
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An experiment assessment for joint of REBCO wires fabricated by crystal growth
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e TE, oo BRI A LT,
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Fig. 1 Powder X-ray diffraction for Yb123 bulk at
room temperature.
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Layer thickness dependence of superconducting properties in BaMO,(M=Zr, Sn, Hf)/YBa,Cu,0
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Tablel. Specification of samples

Sample number of | layer thickness Te[K]
layers [nm]
pure — — 89.7
BZO(60) 60 5.58 87.9
BZ0O(100) 100 3.46 87.1
BHO(100) 100 3.28 87.4
BSO(100) 100 4.01 86.3
L R | T
[—®— pure T=65K

2.5 F——B70(100)
[—=—Bso(100) B=1T
[—v— BHO(100)

n 1 n
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n 1 n n 1 n n n n
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Fig. 1 Angular dependences of J. in pure,
BZ0(100), BSO(100) and BHO(100) samples
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Fig. 2 Angular dependences of J.in BZO(n)
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Flux pinning properties in GdBCO coated conductors
with columnar defects crossing at various angles
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Fig.1 Angular dependences of J. at 77.3 Kand 4 T
for GABCO coated conductors
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Table.1 Main specifications of transformer
Phase 3¢
Capacity 20MVA
Superconducting wire REBCO tape
Voltage (Pri. /Sec.) 66kV/6.9kV
Current (Pri. /Sec.) 303A/2898.6A
Frequency 60Hz
Conductor (Pri. /Sec.) 3 parallel / 24 parallel
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1. Introduction

An electrical design method has been developed, which is
used for large-scale wind turbine synchronous generators with
high-temperature superconductor (HTS) field windings and
copper armature windings [1]. Here, a novel design method for
full HTS generator is proposed, and the optimized number of
pole is determined considering its influence on the generator
performance. Besides, the performance of the full HTS
generator is compared with that of HTS generator with copper
armature windings and conventional generator.

2. A novel electrical design method

The novel electrical design method includes 9 steps and 3
loops. Step (1) introduces the basic specifications of full HTS
generator. Step (2) — (4) denote various design parameters of
the stator. Step (5) — (7) describe the relevant design of the
rotor. Three-dimensional simulation of the magnetic field for
various parts of full HTS generator is conducted in step (8). In
addition, three key parameters, namely leakage coefficient,
operating field current and operating armature current, are
obtained based on the simulation results. And the three key
parameters are optimized and then fed back to step (5), step (6)
and step (2), respectively. Finally the weight, efficiency and
various losses of full HTS generator are obtained in step (9).

‘ [1] Generator basic specifications ‘

[2] Armature winding basic parameters, HTS experienced le
one pole magnetic flux magnetic .ﬁeld’ AC loss,
operating current

[3] Air gap magnetic flux density,
stator iron core basic parameters

‘ [4] Armature winding edge shape and resistance

HTS field

leakage coefficient

[5] HTS field coil basic parameters,
magnetomotive force (MMF)

HTS experienced
magnetic field, heat loss,
operating current

‘ [6] Field winding parameters

‘ [7] Leakage reactance,load MMI#

‘ [8] Three - dimensional magnetic field analysis

'

‘ [9] Generator weight,various losses and efficiency ‘

Fig.1 Electrical design flow chart of full HTS generator

3. Influence of number of poles on the performance of full
HTS generator

Fig.2 illustrates the influence of number of poles on the
efficiency, field HTS length and armature HTS length of full
HTS generators. It can be seen that the generator efficiency
almost keeps constant with the number of poles increasing.
However, filed HTS length rapidly reduces at the start, then it
begins to quickly increase at pole number of 36. Armature
HTS length has the similar trend to the field HTS length,
except it has a smaller rate of change than field HTS length.
Therefore, 36 is selected to be the optimized number of poles.

4. Performance comparison of different type generators

Table I demonstrates the design parameters of three kinds of
generators, namely conventional generator, HTS field pole
generator and full HTS generator. The full HTS generator has
the following features:

— 131 —
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Fig. 2 Influence of number of pole on performance of
full HTS generator.

Number of poles for both conventional generator and HTS
field generator is 96, however, the number of poles for full
HTS generator is determined to be 36 considering the total
generator performance.

Stator and rotor outer diameter of full HTS generator is
about 2/5 that of both HTS field generator and
conventional generator, respectively.

Armature current density of full HTS generator is about 30
times that of both HTS field generator and conventional
generator. And it has the same field current density to HTS
field generator.

The required HTS length of full HTS generator is about 2.8
times that of HTS field generator.

The weight that of full HTS generator is about 0.6 and 0.3
times that of HTS field generator and conventional
generator, respectively.

The efficiency of full HTS generator is higher by 2.8 %
and 3.8 % than both HTS field generator and conventional
generator, respectively.

TABLEI
MAIN DESIGN RESULTS OF DIFFERENT GENERATORS
Item Cu[l] HTS[1] Full HTS

Operating temperature [K] 348 68 68
Field winding materials Cu REBCO REBCO
Number of poles 96 96 36
Frequency [Hz] 8 8 2.4
Pole pitch [mm] 443 438 438
Stator outer diameter[m] 14.0 14.1 5.6
Stator length [m] 0.71 0.31 0.538
MMD in air gap B, [T] 0.73 1.11 1.13
MMD in stator teeth B, [T] 1.6 2.1 2.1
MMD in field pole B, [T] 1.4 2.0 2.0

. 32.1 90.0
Required HTS length [km] 0 F32.1 F56.94A33.1
MMF/field pole [kA] 14.1 31.4 111.8
Armature current density
[A/mm’] 3.0 3.0 89
Field current density
[A/mm’] 2.5 129 129
Generator weight [ton] 197 103 63
Generator efficiency [%] 95.1 96.1 98.9

MEFD: Magnetic flux density
MMF: Magnetic motive force

Reference

[11 Y. Xu, N. Maki, M. Izumi, “Electrical Design Study of 10
MW Salient-pole Wind Turbine HTS Synchronous
Generators”, IEEE Trans. Appl. Supercond., submitted.
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Design of 15 T superconducting magnets with a large bore for the conductor test facility.
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Fig. 1. Layout of the solenoid coils and a test sample. The right
half shows the 15 T-600 mm setup, and the left half shows the 13
T-700 mm set up.

Table 1. Specifications of the solenoid coils

Nb;Sn coil NbTi coil

Maximum field, By, (T) 15.00 6.85
Stored energy (MJ) 16.3 23.7
Self inductance (H) 28.8 54.6
Mutual inductance (H) 28.0

Temperature (K) 4.4 4.4
Critical current at B,,, 1. (A) 1223 3383
1Iop/1; on the load line (%) 87.9 73.4
Temperature margin (K) 2.05 1.50
Cu/SC ratio (-) 0.9 2.2
Winding inner diameter (m) 0.606 0.956
Winding outer diameter (m) 0.931 1.176
Operating current, Iy, (A) 757 757
Conductor width (bare) (mm) 32 4.0
Conductor height (bare) (mm) 2.1 2.0
Weight (tons) 2.2 2.9

<Normal operation>

Current lead

Lower

Il Upper
NbTi coil

Nb;Sn coil

Upper
NbTi coil

Breakers A and B act to open
before the other breakers.

Fig. 2. Quench protection circuit for the 13 T-700 mm setup.
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Fig.1 Schematic view of the test cryostat
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Table 1 Refrigerator capacity

3.0 [W] at 50 [K]

Second Stage 0.5 [W] at 4.2 [K]
RDK-205D (Sumitomo Heavy Industries, Ltd)

First Stage

Fig.2 Pillbox cavity

Table 2 Design value

Frequency [GHz] 5.712
Inner diameter [mm] 41.0
Length [mm] 23.1
Material Oxygen Free Copper
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