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Cryogenic characteristics of an optical fiber sensor (Fourth Report)
— Evaluation of the influence of vibration and thermal fluctuation on the durability and cryogenic
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Table 1 Specifications of a piezoelectric actuator and a
magnetic sensor

Amount of Length Cross-sectional  [pgylation
Piezoelectric displacement * S1Z6 resistance
actuator (um) (mm) (mm) MQ)

42.0+6.6 40 2% 4 20

Outer
Magnetic Type of sensor diameter ~ Magnetic sensitivity
sensor (mm) (mV/T)
Hall element 6.4 7.460

* Applied voltage 150VDC
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Measurement and
control instruments

Fig. 1 Illustration of measuring device of the magnetic flux
density between two points with a magnetic sensor using
the piezoelectric actuator

Permanent magnet

Magnetic sensor Piezoelectric actuator

Fig. 2 Photograph of measuring device
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Table 1 Measured semi-rigid cables

o

Center conductor Outer conductor
(diameter in mm) (outer diameter in mm)
1 | Beryllium—Copper (0.20) | Beryllium—Copper (0.86)
2 | Brass (0.20) Brass (0.86)
3 | CuNi (0.20) CuNi (0.86)
4 | CuNi (0.20) Ag-plating CuNi (0.86)
5 | Nb(0.20) Nb (0.86)
6 | NbTi (0.20) NbTi (0.86)
7 | NbTi (0.20) CuNi-clad NbTi (0.86)
8 | Phosphor-Bronze (0.29) | Phosphor-Bronze (1.19)
9 | SUS304 (0.20) SUS304 (0.86)
10 | SUS304 (0.20) Ag-plating SUS304 (0.86)

CuNi : Cu-30% Ni, NbTi : Nb-47%Ti

Im—coiled semi-rigid cable |/
ok

Cu block ﬁ

ER

Semi-rigid
cables (L55mm)

Fig.2 Apparatus of thermal conductance measurement
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MCG detection of pulmonary hypertension in rat model using SQUID system
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Figurel. Chest 16 points and picture of LTS-SQUID system
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Figure3. Representative result of rat magnetocardiography
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Practical Application of High—Tc SQUID Beam Current Monitor at the RIBF
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AAFT —IH R K- THRBE O R &2 H B R AN D,
SQUID E=#—I|Zi, WmiR@EESER e —0—E TV
o TR B AE T 5807 LREML TRBY, 20
WERLEEFE AN SOL A I BN T D%, SQUID 1I2L-T
EEEICHIEL, B AEREICREL T, ZomiRE
BIEBIR Y —1%, 99.7%DHE DR~ 7 %7 A
(MgO) TIELNERIIRDETIv I AL, B A ARAD E RS
BN (Bi,~Sr,~Ca,~Cu,~0, (Bi-2223) )% 500 um DJEETH:
fBER L CTRUET 5, AR, & i SR 0O ¥ AR 2 18 A 8T
TAACHUWEL =, ZOBAAEEEOREICLY, ek T T&-
FRICEIDBMIEELITE, O, B — B EE

Helmholtz Coils
for Noise Canceller

Pulse-tube Refrigerator

Magnetic Senses
for Noise Canceller

Fig.1 HTc SQUID current monitor with active magnetic field
canceller system, which was installed in the beam transport
line for use in the RIBF at RIKEN.
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Time-Dependent Ginzburg-Landau Simulation on Molecular lon Detectors Using MgB, Nanostrips
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BB A~OIS AN RSN TV, FERIFTIE, AT R
BREAWEOKREIELT Nb AN v 72 W54
i AR 2 FE R L 7o AR T B aR O B R 2D TRY[1],
HIZ MgB, 7/ AN w7 % AW R I A — D ARy
F AT DBHITHRLIIL TWA[2]. MgB, 13, &J8%&LT
WG FUREE R BN ERE 1 74/ AR AR I A3 D T
WZEIZED, BEEE O/ N LRI L EBEN AT RETH
DED R THELE ZHN[2,3], MgB, & W=7k
HZRDBHFEBIT O TWD[3].

AW TIE, MgB, 7 /AN 7% T2 AR A4
g OENEREROME &= Ere (b B IR, M 2Bl E
BT ARAEL 2L — a7 o7, E7- MgB, s
D FEBRFE R L D B ZAT o 7.

2. BIZBERN) T4 1R HE5(SSID)EF D EER

MgB, ([ZLDBIRE AN 7 A A i H 25 (Superconduct-
ing Strip Ion Detector : SSID)D BH%& & EERIZ DWW T TIC
EDRICEVHESNTEY, LLTIZZEOMEZR 5.

R d = 10nm D MgB, A IE w = 250nm OIT 424k
ARy AN TL, MR 10X 10um® O H2EEERRL
77 ML OERFIREE T, = 20K 125U TR 2R EIMEIR B8 1
33K THY, ANy T ORERET I, = 96uA [T L TAT 2
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DT AT % 20keV ITHIRL, 5 F A4 D BIRE
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L7z IR WEIT 400ps LA T &E#H THS. Nb [ZHART
MgB, (345D TR L E THHT2D, I, 03 1, D 98%E) &)
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FHOTRN I 7 AN B ENTR B LI > TAA L F= 100%
ERBTLZENTEE]2).

3. BfME{&7E Ginzburg-Landau (TDGL) A=

HBIRE T VAN Y BT D RFTH F AR B &~ 2
HAEFFRALL T, DD time-dependent Ginzburg-Landau
(TDGL) HHExA Hv 7=[4].
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or 2. C
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2ps LB T T4/ UREFIRER, Py idy = — LR ENE Ok
\CEDFREN, 0, 1355 F AL DIEICIDRATHS. HES
NI T AT DBIREAN T IAFETDHE, 01857+
IR BN LR BTG S E 15 E A NS DRy b
AR IR END[5]. ZHL THRBEEAN 7 3 BT
WAREHES L, ANy FICEBE VAN AETS.

(),QXEZ BT p, @, BEIO T IZ2WTEEMIZ
fifx, IR /AN vy 7B T D RATI AR SRR 2O
T Ralb—avEiiolz. o, BIBEAN T DA F Y
B AR R D v v MEFTE 28 8 L 7= B B 7 AR =
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Ral—rallLAMTEEOFHER RS, Fig. 1 IZER
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DERT —HEBN—FEIRLT-.
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Fig.1: Output voltage of a superconducting strip ion
detector (SSID) using MgB, nanostrips: the symbols
show the experimental data and the line shows the
simulation result.
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Critical current properties in longitudinal magnetic field of REBCO superconductor produced by
various methods

AN B, FE EZ, EE EE, BT BRE OuLR); Rk Ek, = EE (kB
KIUCHI Masaru, HIDESHIMA Masahiko, OTABE S. Edmund, TERUO Matsushita (Kyushu Inst. of Tech);
SATO Michio, MIURA Masashi (Seikei Univ.)

E-mail:kiuchi@cse. kyutech. ac. jp

1. [ZL®IZ ENICFRRE TH DM, MR T CTIL PLD IO H A J, O
BRI LT 2R ROEIREE TH DGR ER WFURAFIEDN L2 E¥bind, 2 PLD DTN,
B X, HESROMREAR 2 D 2 &0, MR A HEAEEERN L W=D EEZ BN,
DD DEAROEDOREILTRES M LIESZ Fig. 3 {2 TFA-MOD @ J-B ¥4 579, TFA—MOD #iZ
ENRMRkD, —F T, WEE L PATICHA 2N 2 Dt J.(s. £.)(=5.6X10" A/m®) D= DITHEBL TN T &
WRTH JEERESHENESEDLZ LN kD, —IC DZREM J NP HFECE D0, 15O REMRIEE I
Z OBGERE R HR & o BUER IRICHFE B g 2 TR TR E 7200 Bl o TR, ZOFER
fThITW2 Y REBEE 2 — M IZBWTH, HEsR D, HEEFIRIC XD X 0BT J FriE %155 72l
B XY L5 (1], S50 EERAL WL ENELIEDN Y Tl ) B OEAR LD D
T-EREERr—7 VOB b ED STV [2], EEZOND, FMIY BERT D,
LosL, Z ORI KL D J, o8I, Bk & i
ﬁ@Iﬁﬁ@Au RV RE AL, FEoELI '

T=773K

B DAL~ X DOWBELZ T 5, LER->T, YR 1
a— H’tz%/ﬁﬂﬁ@ﬁi%@@b YThy 2O T REERREL LY
WL B D ENTREEND, 0.8}
KT TIE, FEx R TIEIC KV ERIE N Y REEEE
PEORERER T TO J, it BIE L, (ERTIEO R4 % o6l
~Te, =
3
2. £ 047
BEZAWZYRBEERT, RSN TWD200H4 I —
$4G. PLD(Plus Laser Deposition) i CERLE 7= 7 0 Meogelcfied e e ]
7 fHELEAS & MOCVD (Metal-Organic Vapor Deposition) | Fujikura ® o ©° J
1 CERL S 7= Super—Pover HEAUEM T %, & 512, STO oL uperbower & ‘
Bk L H 112 TFA-MOD (Metal Organic Deposition using 0 01 02 03 04 05

BI[T]
Fig. 2 Normalized Critical current density at 77.3 K for

commercial YBCO coated conductors.
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Fig. 1 Arrangement of current /and magnetic field B for B[T]
the measurement of the critical current density. (a)B/// Fig. 3 Normalized Critical current density at
(///ab), (b) BLI(I//ab) and () BLI( Lab). 77.3 K for TFA-MOD processed YGBCO film.
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Enhancement of the critical current of BSCCO tapes in stacked conductors with ferromagnetic
sheets

INEC AN, WA R, 2avY BAAR, RO,
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OHARA Hisato, YAMAUCHI Kengo, TALLOULI Mohamed, SUN Jian,
HAMABE Makoto, WATANABE Hirofumi, CHIKUMOTO Noriko, YAMAGUCHI Satarou (CHUBU UNIVERSITY)

1. Introduction

DC superconducting power transmission system has been
mainly studied at Chubu University [1]. The critical current of
HTS tape has been extensively studied with respect to their
layout in the cable to improve the performance of the HTS
tapes in the cable [2]. In the stacked tape conductors, the
critical current of BSCCO tapes shows strong dependence on
the current feeding directions between the tapes. The critical
current is improved when the opposite—direction current
applied to them and diminished for the same—direction current
feeding mode because of strong magnetic field interaction
between them [3]. By using the ferromagnetic sheets, the
self-field distribution of HTS tapes will be affected and may
improve their critical current in the cable [4]. This work
present the measurements of the critical currents of BSCCO
tape in the stacked tape conductors with ferromagnetic sheets
under different current feeding mode.

2. Samples and experiments

BSCCO tapes are used as shown in Table 1. In the present
experiments several HTS tapes were used and are insulated
with each other and the critical current measurement is
performed at 77 K. Different currents are applied to the tapes
using two power supplies. The critical current is measured by
varying the neighboring current in the stacked tape conductor
with and without ferromagnetic sheets. The experiments show
the enhancement of the critical current of BSCCO tapes in
stacked tape conductors due to the correlated magnetic field
interaction by the applied current in the tapes and
ferromagnetic sheets.

3. Experimental results and discussion

Fig. 2 shows £~/ curves for single and five tapes conductor
with different gaps. The transport current in the neighboring
tapes are =100 A and £160 A. £~/ curves are different for
different neighboring currents. Fig.3 shows comparison of
performance improvement of the critical current for a
two—layer stacked tape conductor covered with and without
ferromagnetic sheets for the neighboring current of =100 A
and £160 A. When the neighboring current is =160 A, the
critical currents are improved to more than 13% for the
stacked tape conductor in spite of with and without
ferromagnetic sheets. When the same—direction currents are
applied, the critical current of BSCCO tape can enhanced with
ferromagnetic sheets. We will present effects on the critical
current of HTS tape of the magnetic field from the currents
applied to the neighboring tapes and the ferromagnetic sheets
through the magnetic field analysis.
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HTS tape DI-BSCCO
Thickness 0.35 mm
Width 4.5 mm

le (s.f. 77 K) 200 A
Type HT-CA

Table 1 Specifications of HTS tapes

3.5 ; . : :
3.0
254 0O single
: O stack12=100 A
A\ stack 12=160 A
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Fig.2 E-I curves of BSCCO tape for single and two—layer
stacked tape conductors without ferromagnetic sheets

160 no fms )
fms 2 mm
~~
no fms ¢
<
- fms 2 mm
=)
o]
5
Qo 0
en
=)
.-
S i
% % no fins
:g V7727277227227 S fms 0 mm
0 fims 2 mm
k3]
Z, -160
T T T T T T T T 1
-40 -30 -20 -10 0 10 20 30 40

Increase of Ic
Fig.3 Comparison of enhancement of the critical current
with and without ferromagnetic sheets
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Residual magnetic field measurement of BSCCO and YBCO tapes by a Hall probe
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1. Introduction

Damages can happen to a HTS power cable caused by Active size

Hall prob
® (50yam E?Dim)

A Current

overcurrent or fault conditions. Quick interruption of current Altitude 0.3 mm
is necessary in a fault case and a better understanding of
effects of the current cut off time on HTS tapes is required to
restart the operation. The purpose of our experiment is to
compare the residual magnetic field profiles between the fast
and slow cut off the current.
2. Experiment

Figure 1 shows a photo of the scanning Hall probe system

and right figure shows a scheme of the setup for measuring the

Fig.1 Experimental setup

120 120

magnetic field above a tape conductor by a Hall probe. The ol @ | 0 ®
Hall probe sensor is situated at 0.3mm above the tape. We " N h\\ ‘
scanned the perpendicular component of the magnetic field of \»\ 10 ’
each HTS tape along the Y direction to cover the tape width. = 0.15 ms = \\ |
A constant current is applied to BSCCO tape and then cut off “or © \\
by two operations; slow and fast cut Fig. 2. L ? 2 =

We measure the residual magnetic field profile above the Vi . | Ll T
tape by scanning a Hall probe. We change the X position along Time {ms] Time (<]
the longitudinal direction. We repeat these measurements for Fig.2 Wave forms of current off, (a) fast-off (Fast op.), (b) 1A/s
both current operations. During the experiment we keep the decreasing (Slow op.).
constant level of LN2 in the open cryostat. See Fig. 3. From
each vertical component of the residual magnetic field we = e
calculated the current density profile by solving the inverse , jt%%éé&;pi) 2 — igéégtgg
problem of Biot-Savart equation. For the BSCCO tape and s 12 (Slow op) 15 A W;ggfvf;;
the YBCO tape we got then current densities profiles 1 i 0;
corresponding to X-axis positions along the HTS tape. See EOZ lL T o 1
Fig.4 B ® s
3. Result and discussion - -1

The profiles of the residual magnetic fields in BSCCO tape 15 18
are almost the same on the different positions along the Y7 s s s 85 10 s i 5 e e w0 %5 100 105

Y [mm] Y[mm]
Fig.3 Vertical components profiles of the residual magnetic field of
BSCCO (write) and YBCO (left) tapes measured for the operation
1 and 2 on three X-axis positions.

direction of transport current. Therefore, their current
density profiles along this direction are almost uniform they
are almost symmetric profile for the center of the tape, which
means that the uniformity of the BSCCO tape is high. On the
other hand, the residual magnetic fields of the YBCO tape are

not uniform. This is the fundamental difference between these o E% EEasE o§§
two tapes in the present samples. o0 S Eeton) | 0000 PR

The quality of the BSCCO filaments near the edge would be 4000 DA om0 ;‘y e 8 —
lower than the center’s. This is one of the reasons why the 2000 2000 ’('; }

b
¥ k)
current density profile is peaked at the center, which is not ; o {'ff‘ &
same for YBCO Fig.4. We should consider the shielding effect tk 000 | %f ﬁ‘\
of the superconducting filaments and the matrix materials, 2% ‘ & §M

4000 -4000 *; s

Sk
L
2

J[A/m]
°
r
T
o
J[A/m]

such as copper and silver. These resistive materials can
consumes electric power. On the other hands, the quality of
the superconducting layer of the YBCO tape would be the
same all over the tape. This is the reason that the current Fig.4 Current density profiles of BSCCO (wright) and YBCO (left)
density is high near the edge. tapes at different longitudinal positions.

t;f,*

+J
83 84 85 86 87

6000 I T I I I I -6000
82 8

Y [mm] Y [mm]

— 83 — H90m  20144F BERKFRIR T2 - BHE AR



1P-pl1

HTS~ 7% v b (1)

A—L Y AIZELS YOROI ETI/ILAAILDIG T H I EEREHUEREAT

Experiment and numerical analysis on stress—strain of YOROI model coil due to Lorenz force
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Fig. 1 Photograph and schematic drawing of YOROI model coil
Table 1 Specifications of YOROI model coil

REBCO winding YOROI structure
Inner diameter (mm) 45 37
Outer diameter (mm) 54 62
Height (mm) 11.6 (5 per a pancake) 13.6, 14.6, 15.6
1.@77 K, self-field (A) 105 (0.01 pV/em)
Thickness of plate (mm) - 1.0,1.5,2.0

0 5 10 15 20 25
Current (A)

Fig. 2 Experimental results of 1.5-mm-thick plate

Cross-sectional surface of structural analysis
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Fig. 3 Structual analysis model
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Fig. 4 Analysis results of strain and stress on the winding

direction of 1.5-mm-thick plate
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Fundamental study on optimization design of high strength circular coil for superconducting cyclotron
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Fig. 1 Schematic drawing of four split main coils
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Fig. 2 Cross—section of the numerical model

Table 1 Admissible displacement of coil 1-4

Coil #1 #2 #3 #4

Admissible displacement (mm) 2.035 2410 3226 2.496

3.10E1 O =iT4E
E R
I5—
t RSM
B =i
2.10e1 % =7
¢ =T el RE
.EZ X I5—
f
1.10€1 §
f
0.10E1 [ _______ o —
1.00E1 5.00E1 9.00E1

R1
Fig. 3 Optimization design of reinforcing structure of coil 2

Table 2 Optimally—designed reinforcing structure of all coils

Coil #1 #2 #3 #4
R1 (mm) 14 37 55 14
t (mm) 50 14 8 40
V(X108 m?) 2.51 1.41 1.96 3.23
Stress (MPa) 172 206 471 214
Strain 0.0019 0.0018 0.0038 0.0026
Displacement (mm)  2.033 2.410 3.226 2.496
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Table 1 Specifications of the 5 T REBCO magnet [1],[2]

Parameters Values

Tape width 10 mm
Thickness of substrate of tape 0.1 mm
Thickness of copper stabilizer of tape 0'3 mm

(laminated)
Critical current (/) of tape at 77 K, s. f. >467 A
Inner diameter of coil 260 mm
Outer diameter of coil 535 mm
Coil height 271 mm
Number of pancakes coils 24

Total tape length 7200 m

Total number of turns 5775

Magnetic field 50T
Inductance 7.68 H

Stored energy 426 kJ
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Fig.1 (a) No-insulation (NI) Bi-2223 layer-wound coil. (b) NI
REBCO layer-wound coil.
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Fig.2 Axial magnetic field vs. power supply current for (a) NI
Bi—2223 layer-wound coil and for (b) NI REBCO layer-wound
coil.

Table 1. Key current density for Bi-2223 and REBCO coils

Bi-2223  REBCO
Coil critical current, I cii 65 64
Conductor current density, Jeond,
for I coil (A/mm ) 49 163
Stabilizer current density, Jyab, 107 400

for I, coil (A/mm?)
Thermal runaway current, /;; 209 110
Conductor current density, Jeond,

for I, (A/mm?) 160 275
Stabilizer current density, Jyap,

for I, (A/mmz) 343 688
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Distance dependence of trapped field in MgB, superconducting bulk magnets
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Fig.1 Position dependence of trapped magnetic field for a
MgB, bulk magnet with 50 mm¢x10 mm’ (z = 6 mm).
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Fig.1 Bulk superconductor annuli
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Current distribution analysis of the large-current HTS simple-stacked conductor to be used
for the LHD-type helical fusion reactor.
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Cooling test of 30—meter class superconducting cable for railway systems
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Analysis of Thermal Characteristics and Pressure Drop of DC Superconducting Cables
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Fabrication and testing of HTS cable for St. Petersburg Project

SYTNIKOV Victor, BEMERT Sergey, ROMASHOV Maxim, KRIVETSKY Igor (FGC UES);
FEDOTOV Evgenii (Irkutskkabel); IVANOV Yury (Chubu Univ.)
E-mail: ivanov@isc.chubu.ac.jp

1. Introduction

Electric networks of large cities have a high density of
consumer loads, extensive distribution networks, as well as
should fulfill high requirements to reliability of power supply,
ensuring the safety and environmental performance.
Connection of new consumers and creating new links are often
lead to the increase of short circuit currents, the less control
over the network and ultimately a reduction in the reliability of
power supply. Application of HTS DC cable provides the
possibility of solving these problems by improving redundancy
for power facilities without increasing of short circuit currents.

The objective of the Project is to demonstrate the
possibility of lifting restrictions on the development of
networks of the megacities, related to the limitation of short
circuit currents, reducing the number of network gaps and
improving the manageability of the network. HTS DC line will
connect 330 kV substation 7sentralnaya and 220 kV
substation AP-9. The connection of these substations will
create conditions for “deliverance” of reserve power network
capacity in the power system to connect new consumers to the
electric networks of the central district of St. Petersburg.
Additionally, this link will increase the reliability of power
supply of the existing consumers. The main characteristics of
the cable line are presented in Table 1.

Table 1. Main characteristics of HTS DC line.

Transmission power 50 MW
Operating voltage 20 kV
Operating current 2500 A

Cable length about 2.5 km
Operating temperature 65-80 K
Cooling capacity 12 kW at 70 K
Mass flow rate of LN2 0.1-0.6 kg/s

2. HTS cable design and testing

A unipolar cable with coaxial arrangement of the direct and
reverse conductors was chosen as a basic design. The external
cable diameter is 39 mm. The 1G HTS tape produced by SEI
(type HT-CA) is used as current—carrying conductor. The
electromagnetic field of this cable is only between two
superconducting poles. The absence of stray fields and using
of the liquid nitrogen as an impregnating agent makes these
cables environmentally friendly and fire—safe.

Cable structure includes (from center to outside): former
and stabilizing element; superconducting forward conductor
consisting of 22 tapes with 1c=160 A stacked in two layers;
high voltage insulation; superconducting reverse conductor
consisting of one layer of 19 tapes with Ic=180 A; external
copper stabilizer; external screening insulation; electric
screen; cryostat with protecting layer produced by Nexans.

The cabling technology was developed for serial cable plant
Irkutskkabel. Some special equipment and tools were made for
the cable manufacture. Two 30-meters cable samples were
made for cabling technology verification and preliminary

testing. Two full-scale cable lengths (430 meters each) were
manufactured after successful test of two 30—-meters samples.

forward current return current liquid
HTS tapes HTS tapes nitrogen
(two layers) (one layers)
> stainless steel inner pipe
former core Tormer stainless steel tape er pipe
(stainless steel)
outer pipe
fixing wrap
(stainless steel, copper,
semiconducting paper) main insulation
insulation
- cryogenic
fixing wrap stabilizer superinsulation

(stainless steel, copper)

Fig. 1. HTS DC cable design.

The main goals of the first test were check of cabling
technology and measurement of electrical resistance and
vacuum tightness of terminals and coupling box. Current
source plus pole was connected to the direct conductor and
minus pole to the reverse conductor on one side of the test
line. Current leads on another side of the line were shorted.
The critical current of the cable is practically equal to the sum
of critical currents used superconducting tapes that indicates
the development of a reliable cabling technology (see Fig. 2).
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Fig. 2. Temperature dependence of the critical current.

3. Conclusion

St. Petersburg Project is carried out in accordance with
the schedule. Positive results of two short samples test allow
us to start manufacturing of full-scale cable lengths. The
successful introduction of this HTS DC line into the St.
Petersburg electric power system will allow checking up the
basic technical solutions for this technology and get an
experience for the commercial application. It will be first step
for the further building of circular DC electric power chain in
megalopolises.
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