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A new laying method of Superconducting power cable — Helically Laying Method
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Table 1 Cables, their length and thermal expansion

Thermal contraction

Length [m] |length [m]
Cable 1 (E#R1) 200 0.52
Cable 2 (EIfR1) 300 0.76
Cable 3 ([EfR2) 469 1.33
Cable 4 (E#R2) 373 1.13
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Fig.1 Process of Helically Deformed Cable
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A structure of cryogenic pipe for a long superconducting transmission line
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Table 1 Heat Leaks & Temp. Raise of Two Cryogenic Pipes

Heat Leak | Temp. raise
Pipe [W/m] [K/km]@30L/min
Cryogenic pipel | cable 0.818 0.928
return 0.462 0.525
Cryogenic pipe2 | cable 0.034 0.04
with RS return 0.851 0.96
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Table 1 Specifications of 66kV HTS Cable Core

Layer Specifications 0O.D. [mm]
Former Copper Strand (200mm?), PPLP* 23
HTS cond. 2 layers DI-BSCCO® 29pcs 26
Insulation PPLP® (7Tmm') 40
HTS Shield 1 layer DI-BSCCO® 22pcs 42
Protection | Copper tapes (110mm?), Kraft papers 46
Cable inlet temperature 68.1K
Power Flow late 43.2L/min
Current 28.5kA-0.6sec
I . 98m 89m a.5m 10m

HTS Cable Core
IS —
T @ D ) I:
< | G
~

Terminal A Thermometer Terminal B I
= e ™ GN2
ampa_| [ o0.26MPa 4
17.5kpa | |
(abs) <
g AAAAA Lz
[ YYvyvy

Reservoir

Refrigerator {1.0kw) Refrigerator (4.2kw)

Fig. 1 Schematic view of HTS cable system.
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Temperature and Pressure Simulations of 66kV 40m HTS Cable System in Short—circuit Current
Accidents Compared with Experimental Results
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Fig.1 Pump Circulation Model
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Development of the Coolant Temperature and Pressure Simulation Code
on Short—circuit Current Accidents in 275 kV, 3 kA 20 m HTS Cable
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Table. 1 Specifications of the Model Cable

Symbol Quantity Value
To0 Inner radius of Conductor Layer 7.00 mm
To Outer radius of Conductor Layer 17.70 mm
n Outer radius of Dielectric Layer 40.50 mm
7 Outer radius of Shield Layer 44.00 mm
T3 Outer radius of Insulation Layer 49.50 mm
Ty Inner radius of Corrugated pipe 55.00 mm
TLNzl(t) Inlet Temperature of LN, 77.0 K
P|? Inlet Pressure of LN, 800 kPa—G
V|2 Inlet Flow rate of LN, 30 L/min (77K)

N i element

LN: flow (Outer)

G
Protection Layer (PPLP)
HTS Shield Layer

P
and Cu Shield Layer
Diclectric Layer (PPLP) * Self heating (Q)

HTS Conduetor Layer
and Cu Former Layer — Heat flux

LN flow (imner}

o 7704 F —— Tfluid (outer)
‘;' [ ''''''''''''''''' - = Wall Temp.
5 77.03 -
= i S Rt Shield Temp.
Y ’
2 77.02 7 TSR TS = « =Dielectric Temp.
H ; P Conductor T
ﬁ 77.01 /7 / (r onductor Temp.
A === Tfluid (inner)
77.00 T T 1
0 500 1000 1500 2000 2500
Time [s]
Fig. 2 Calculation Result of Temperature at outlet
(steadly state)
89 -
87 Tfluid (outer)
3 H — — wallTemp.
[ B
2 A aeeee Shield Temp.
® 83 v,
@ Y = - = « =Dielectric Temp.
o 81 H VAENS
£ H O e = — m e e ==+ Conductor Temp.
[ 79 :I/ Y = g =
/A 7 === Thluid (i
. ./,_ \.&.. uid (inner)
0 50 100 150 200 250 300
Time [s]
Fig. 3 Calculation Result of Temperature at outlet
(transient state)
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Suitable Cable Structure of Large—current Capacity HTS Tri—axial Cable
for Outgoing Line of Generator
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KL, BEEBM OAREELLTHIET, AR
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Table 1 Specifications of analytical model of tri—axial cable

Conductor composition BSCCO 2-layer
HTS tape width 4 mm
HTS tape thickness 0.2 mm
Critical current of HTS tape 200 A
Nominal voltage 22 kV
Cable length 300 m
Flow rate 40 litter/min.
Refrigerator efficiency 0.10
Pumping efficiency 0.51

2 —&— Total power [kW]
— & — Refrigerator [kW]
= & = Pump [kW]

Power [kW]

) === =g -———a
5 6 7 8 9 10
Current capacity [kA]
Fig.1 Dependence of required power of refrigerator and pump
for cable operation on current capacity of tri-axial cable.
6 6

W
T
0
T

'
T
N
T

Total power [kKW]
(5] w

‘lTotal power |KW|
Now

—
=Y
T

=

60% 50% 0 60% 50%
Load factor Load factor
(a) Flow rate = 40 litter/min. (b) Flow velocity = 0.114 m/sec.

Fig.2 Influence of load factor of tri-axial cable with 10kA on
power of refrigerator and pump.
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Characterization of Local Critical Current Distribution in Long-length RE-123 Coated Conductor
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[1] C. Kurihara et al., Physics Procedia (2016) in press.
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Fig. 1. Specifications of the multi-filamentary REBCO coated
conductor: (a) schematic diagram of the structure!'’, (b) critical
current for each 4.7-m-long section measured by 4-probe
transport method'", and (c) longitudinal homogeneity of local
critical current estimated by TAPESTAR™.

Measured magnetic field
B, (mT)
| )

-7

100 mm

Fig. 2. Measurement results obtained by RTR-SHPM:
remanent magnetic field distribution in the 113-m-long, 4-mm-wide, and 4-filamentary REBCO coated conductor.
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Characterization of In-plane Critical Current Density Distribution in Roebel Cable’s Strands
Based on Reel-to-reel Scanning Hall-probe Microscopy
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P
[1] K. Higashikawa et al., IEEE Trans. Appl. Supercond. 24
(2014) 6600704.

Fig. 1. Two-dimensional distribution of remanent magnetic field in a Roebel cable’s strand measured by the RTR-SHPM and the

corresponding distributions for sheet current density vector with longitudinal direction of x and width direction of y.
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Study on space resolution of AC current distribution measurement in

multifilamentary HTS tapes by a pickup coil
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(a)

Fig. 1 Relation between sample and pickup coils.
(a) outside drawing, (b) cross—sectional drawing
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O Coil width = 0.12 mm
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Fig. 2 Calculated results of current distributions.
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Fig. 4 Calculated results of magnetic field distributions.
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INhiz, ZORERIX, GABCO f#H % 2 MiEE S ¥4
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M lEEREs & ORI EEREDE VW ERL TV 5,
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Fig. 1. Delamination diagnosis method using ultrasonic
waves for the multilayer GABCO tape short sample.
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Fig. 2. Frequency dependence of the AE signal intensity of
the multilayer GABCO tape sample. The 2nd layer is heated
as shown in Fig. 1.
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Fig. 3. Comparison of the critical current properties be-
tween the heating GABCO tape sample and the unheated
sample.
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In—field performance of BMO doped REBCO coated conductors by the hot—wall PLD process
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7275 M A ICBARE L2 IBAD/PLD &2 VT, &
72 & R REBa,Cu,O(REBCO)#EM Z R L TS, FFIT
PLD [ Z{E Y — M % 38 L7z Hot-wall S RAEAL, ZEL
TR NEDND IR TCND. BT Je &1 LS 57
¥, REBCO i A T LT BaMO, 38 A4 AHF 580
BEANTATIONTODS, A [E] Hot-wall PLD K CATEY
i AL7z REBCO #M&ERL, W HReEA L 7=
THETD.

2. e
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J& % Gy e o [ T v R A ik 5E U 7= B 1) FE A B2, Hot-wall
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A BIRFE UT-. B FE 6% Table 1 1R, GABCO DK
ML, il OBEESA (A) TIE7e< 30K, 2 TB // ¢)
D Je BRI &M A L= (B, C).

3. FHMEAE

B SRR DBE Y T ARV, 74N YT 4
— B2y byF U 7NI2E0 30 pm BRE XTI mm EDO~
a7 VPR L-. oI ETa—T |\ BT, B3
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A% Fig. 1IRT . le A OEHERZ - FETERL
72l B —HEIE 2.7 % THY, N TELZEAL TV RNE R
M ERIRE DL —MENESNTWD. 77.3 K, 20 K IZBIT5S
Fp (= Je X )OSR G2 ZNE N Fig. 2, 3127”7 77.3
K & GdHf 10 GdZr D J578 Fp i@\ s, IREN T NHE
WHERLCWA. Fz2, GAHR2 OFMFEIX 77.3 K TIHERWAS, 1K
BT 5 TRELIT CIXSEM: B LRBETHY, 5T FRELL
LTIt LAREL 2> TV, &5IC BuHf 1XE DR EEfEE T
HEW Fp 27RLTHEY, 4.2 KIZBWTIL Fp = 1.67 TN/m®
@18 T (Je = 9.27 MA/cm?)EFEF I EWMEAE DIV, B
AR TIE, ATV EHADOLDIE 65~50 K TB // ¢
W27 a—RTEWE—I7BBND0, REN FRHIZo1T
ZOE—713ELARD, 20 K LR CIRIRIZEAETHELL. it
DR BERRE A BERAEMEIZ DWW TR BB 5.

5. F&H

¥ 10 m TlEH 57, Hot-wall PLD VAL TE R TY)
— TR ED N LM AAE R 52 3 TETZ 30 K, 2 T
B3 Jo TREGESME Rl 35281 db, (RIERS
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BITERIL, mAL—7vMbZ BFEL, Lot <P Lot DIE
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Table 1 Specifications of REBCO layer

Thickness  Deposition  Conductor
Ind RE APC
naex [um] Condition  Length [m]
Pure Gd - 1.92 A 330
BaZrO,
Gdzr Gd 5.0 mol' 1.09 B 10
BaHfO,
GdHf Gd 3.5 mol% 1.02 B 10
BaHfO,
EuHf Eu 3.5 mol% 1.05 B 10
BaHfO,
GdHf2 Gd 3.5 mol% 1.32 C 50
53 ity R SR s
E 200
< 100
0
0 10 20 30 a0 50
Position [m]
Fig. 1 Longitudinal Ic distribution of GdHf2
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Fig. 2 Magnetic field dependence of Fp at 77.3 K, B //c
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Fig. 3 Magnetic field dependence of Fp at 20 K, B //c
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Critical Current Property of BaHfO, Doped EuBCO Coated Conductor
Over a Wide Range of Temperature and Magnetic Field
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FEW IINZT, 25 T ETOEN Y GBS B REN
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wtéEﬂF—*fréo)nzﬂt%mx O J, A Fig. 1 D%
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WIZ, % J,~yE 7 %47 BHO #E A EuBCO & GdBCO
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(b)IZ BHO # A GABCO MM DOIREE, a5 T D% J, X%
7”9, BHO # A EuBCO ###1E J, SIS, M., Ml
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Fig. 1 Jc-B -T characteristics for
BHO doped EuBCO coated conductor.
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Fig.2 Contour map of J in B-T plane.
(a) BHO doped EuBCO coated conductor.
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Magnetic moment relaxation in REBCO coated conductor: Influence of temperature change
and current load factor
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Fig. 1 Temperature dependence of M-t and J-t
characteristics measured by magnetization method.
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Size effect of nanoprecipitates on the flux pinning properties of YBCO thin films (1)
—Experimental results

LLEE 38 3C (BERRAIF) 5 (L 18 COR S5 i &1 7))
YAMASAKI Hirofumi (AIST); YAMADA Hiroshi (Nat. Ins. Tech., Oshima College)
E-mail: h.yamasaki@aist.go.jp

1. [ZL®HIZ

EFHOIX, Y Uy T 723578515 YBCO METIT J, ORI
4 FERAFYET HY /ab P LOE L IIRIOE — 7 3 8IS,
EEEE OWG T A (< 7 nm) 128D EERLE (1,
Ala], il KRB CrERLL 7= IR L L B e AT i &
G o, ERE D J @ E IR BMRIRE D 135S
WBAA—N—BREBHI LT, SHICKERT e
e PLD BT, KVBRE R oA — N —2HIL 7,

2. Y yFHIRKE YBCO FED J DBEEKRFIED LLE

W OB TR 72368251k YBCO #EAICD
WCHRIAVREFEBEC . ORGSR BRI HIE L (K
THRARD) , @ H OWRE CRIBELZE A B & |9 - 90°] =
20°, 30°, 45°,90° @ J, fEEHELIZEZA, HIEAD 113,
60 K LA ETIHEWE DD, 20 K ZEDKIEE TE -7 (X
1), TEM BECREREOWHAT T 2 BRIL 72203, ]
FRAREF &1 BT8R Y,0, THDHZ L) 7= (K 2a, ¢,
T AL IR B ORGH T 8T 0D BERER N Lo XV LT
DHDITONTE BE L Wi R EE1T 72, 400 fELL
LDF IRAC N CTRIE LT WS O SR A & X 2b, d
VR, WA O RAEEIE ., FEIE A 25 1020 nm? (BRE B2 L
A OEED 3.6-5.0 nm), HEE B 2% 2040 nm” (E %
5.0-7.1 nm) T, W A OF BRIV THIZ L b7z,

25 ——— : :

Film A

B0 80 120 160" ]
5 N Angle 6 (deg)

- THEVA YBCO/CeO,/Al,05 \
thin films (d: 300 nm)

0-...|...|.....
0 20 40 60 80

T (K)
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Fig. 2 TEM plan—view picture (a) and a histogram for the
cross—sectional areas of nanoprecipitates (b) in film A. The
same set of data for film B are shown in (c) and (d).
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Fig. 3 Temperature dependence of /[ at u/ =1 T (//0).
(Inset) TEM plan—view picture for film C.
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Size effect of nanoprecipitates on the flux pinning properties of YBCO thin films (2)
—Anisotropic scaling and theoretical analyses based on core pinning interaction
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Fig. 1 J vs. &@H in low-temperature deposited film A.

Inset shows J.(H, 6) data at 0.1, 0.5, 1 and 2 T.
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Fig. 2 (a) Schematic showing the interaction between a slant
flux line and a small random (point) pin. (b) 2&(7) values as a
function of angle 6 for film A, estimated using B, (H//c)=
¢,/2nE,? from reported thin film data of B,, [2, 3].
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Fig. 3 Schematic showing the interaction between a flux line
and a relatively large sphere pin.
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1. [ZL®HIZ
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W/ RZEESEAZEICEY 77 K IZBWTERME
JI(F,)23 30 GN/m® E<E T B3 228 Sz,
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FIZBWTHIBIMN LB T A= Th D, fkiiE&EIcLd
WHAGE DR IFHEDTZ0 . YBCO TIIBLLED ¢ Sl FAT78
(Bllc)e& J, D3/ NET20 | BN ab RIS EAT72(Bllab) & J,
NI R ERD, fEEEIIN 2, RE =0 7 DR
F0 J DEFGELEAT D, B E7RE DS YBCO
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O J X Blle DEEY—7%RT, APC DEAIZL-TH J, 1
FYENRZEALT D, TR F2EALZ YBCO HED J, 1%
APC %8 AL TV YBCO IR E[REE Bllab T J, 3R E
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7235 APCIZXY Bllab 5D J, %18 LS EAMERH LD,
DI J B HLED DI N7 VYR APC B ES
770 AT VYR APCHEE Tl uy RITINZ R85 A7 D
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AT VYR APC OFESEICIE U T J BN K& T D8,
NATYYR APC DRERE L =2 I RIS T B THALNT
W3, SESFER AT YR APC KL J, %pﬂﬂfﬁﬁ“é_
WZED AT VYR APC BREHRZEENZ T 9 A DT
FTHIERNLETHD, AL TIEF /ryReF/myRzy
TUhIeH AT VYR APC ZRTIAERIL | J, OB
BLOBES A AR EOREEITo 70, FERELEIINAT
Uy R APC ORGRE Y = 7 it iin 5.
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WEOR XX %R T, BSO HMBEZ(LSEDHI LI ab
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77K, 1 T 28D J, DR FEREM AR T, 14nm/16 nm
&40 nm/33 nm TR O BSO R EIXIFIZFR T TH
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Fig.1 Schematic image of the YBCO+BSO/YBCO+BSO
multilayer films.
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Fig.2 Angular dependence of J. in the YBCO+BSO(1.8%)/
YBCO+BSO(3.6%) multilayer films at 77 K and 1 T.
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