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Table 1 Mechanical properties of Ti-6Al-4V ELI alloy in
liquid hydrogen and gaseous helium at 20K.(g ,,: 0.2%
Proof stress, o 5: Tensile strength, ¢ : Elongation, ¢ :
Reduction in area)
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Fig.1 S—-N curves of Ti-6Al-4V ELI alloy in
liquid hydrogen and gaseous helium at 20K.
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Effect of stress ratio on low-temperature fatigue properties of Ti-6Al-4V ELI alloy forging
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Fig. 1 S-N diagrams at RT (293K) (a) and 77K (b) for Ti-6Al1-4V
ELI alloy forging.
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Fig. 2 Endurance limit diagram of Ti-6Al-4V ELI alloy forging.
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Fig.1 (A) DGEBA, (B) D230, (C) D400, (D) EDA, (E) DETA.
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Fig.2 DSC curves of samples before and after
irradiation.

Fig. 2 OfEROMTICIVEDN T Te ORISR EIIKTD
W'ﬂﬁ% Flg. 3 LTTJA

783 723 D230

w40 | H\{
K
L 411
30 406

D400

-1 1 3 5 7 9 1
Absorbed Dose (MGy)

Fig.3 Glass transition temperature of irradiated samples.
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Analysis of Current Distribution in a Multi-laminated HTS Tape Conductor
Wound into Double Pancake Coils for SMES
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Fig.1 Innermost layer of a double pancake coil wound
with a 4laminated HTS tape conductor.
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Fig.2 Normalized current distribution as a function of turns with

parameters of added insulation.
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BRI LTz, EHIT, NDTi A6 KV EEFURE O RV MgB,
YT R (et FA ARV @ Y T Ay o
2. BE SMES REERINE/ LRAaAIILDEEET

B#E SMES F O&EA TR UL 2o/ LD EREE 1FIEa
AIVIND i i B BRI £ 5, BR{EAT (B ERF I3 49
DRMBRIZESTIANNOBEN LA TDH-0THD,
BE BRI, A VN ROBAOEFTCIkED, 2
DIRFEIL, IANHNDAR—H =~ DBGL L RS 57
O, ZORBETERL TaAVNOIREZMITL TaA L%
FHEATOVBIENDD, LT=05> T, ARAFFE T, BHEMEEE
RFORWRB IR DM EFHEL , THUCE o TaALNOIRES)
HMWEI 2B EAAVNOEYLIEETEBL TRIT LT, Z
DFEREL LA NDOREEATo T, IANVNDIRE DA D
FENTE T VT, A VR 5 IR E AL A U7 W SR E
L.2 RO T VAR L, 2, 2/ VNTRAT
DRBNT, BIKCRAET IR LD LT,

LI uiE, BB O BHERHE S E S AR NbTi /3
VAL NVERIEDOSDEL, A B IHZAH DAL 2 JT
IMW DOBHEMEEIMEL | BEITZAL O ThD, | REIObT
IRHHE R IV, IR OB =X — D& it 58
LCHY, FAERFO@ R TIE 1000A £L7,

3. EEAHEB/LRAISILDOEER

A AR LT8R 0D /3T A—H % Tablel (27”9, CuNi fEHf
®D NbTi & 5ERANW=ITY 74+ —RKr—7)1 Cu B4 D
NbTi £t % FIE L7= T — 7/ 2 K TR S 53641
BIKTHD, £72 MgB, T — 7% 10 KA 7ZERALIE ]
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Tablel. Parameters of conductors
CuNi
Strand
diameter 0.823 mm
twist pitch 10 mm
Cu /CuNi/NbTi 0.87/1.6/1.0
Conductor
number of strand 8
twist pitch 35 mm
width 3.49 mm
thickness 1.85 mm
Spacer
thickness 2.0 mm
Cu tape
Strand
width 2.22 mm
thickness 1.11 mm
twist pitch 38 mm
Cu/NbTi 2.4/1.0
Conductor
number of strand 2
width 2.42 mm
thickness 2.62 mm
Spacer
thickness 2.0 mm
MgB2
Strand
width 1.05 mm
thickness 0.504 mm
Cu/Nb/ MgB, 1.1/1.7/1.0
Conductor
number of strand 10
width 2.30 mm
thickness 3.62 mm

Table2. Parameters of superconducting coils

0ld coil CuNi Cu tape MgB,
Binax 248T 6.92T 276 T 225T
Length of | 5650 1 4277m  4710m  5246m
conductor
Diameter 2.39m 1.41 m 1.86 m 2.0l m

(1)A.Kawagoe,et al.: Abstract of CSJ Conference,Vol.76
(2007)p.110

(2)T.Mito, ,et al.: Abstract of CSJ Conference,Vol.78(2008)
p-50
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Fig.1 Transformer Type SCFCL of Rewound Structure
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Fig.2 Experimental Circuit
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Fig.3 Switch Sequence
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Fig.4 the Current of the SCFCL
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Fig. 1 100 parallel connected MOSFETs switch circuit,
which has HTS tape on the circuit substrate.
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Fig.2 Static characteristics of MOSFETs circuit,
where, the one has with HTS tape and the other

has not the one.
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Fig.3 HTS coil charging circuit which has a
transformer of a big turn ratio (200:1).
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Fig. 4 HTS coil charge experimental results, where all
secondary side voltages are 1v or less.

SE3H
1. Yuichi Kondo, et al., IEEE Trans. Appl. Super.,
Vol. 19, no. 2, pp2337-2340, JUNE. 2009.
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Tablel. Specifications of the RE-123 wires

Items Details
Width (mm) 2.0
Thickness (mm) 0.15
Ic (A) at 77 K 40~50

Table2. Specifications of the cable conductor

Items Details Diameter (mm)
Former FRP pipe 18
4 layers
HTS Conductor . 20
RE-123 wires, 104 pcs
2
B :
L !
= 1 4500A :
= L @1lpVjiam
e | I ——————— L
ko)
w
2
g
w
0 . ama e RN
0 1000 2000 3000 4000 5000
Current (A)

Fig.1 Measured I-E characteristics of the cable conductor
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Table.1 Specifications of YBCO sample tapes

Length, mm 150

Width, mm 2

Cu (plating thickness) pm 10

Ag (plating thickness) um 5

GdBa,Cu;0, Thickness pm 0.9

Hastelloy Thickness  pm 120
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Fig 1 Simulatson result of current trace ineach REBCO
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275 kV-3 kA YBCO
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Over—current characteristics of 275 kV-3 kA YBCO HTS Cable

B—(EET), £ OER, Al Bk (KR,

A WInEFER; Wk ECOYr);

mill L, B HGEES L
YAGI Masashi, MUKOYAMA Shinichi (Furukawa Electric); WANG Xudong, ISHIYAMA Atsushi (Waseda Univ.);
AOKI Yuji (SWCC); SAITO Takashi (Fujikura); [CHIKAWA Hiroshi, FUJIWARA Noboru (ISTEC-SRL)
E-mail: m—yagi@ch.furukawa.co.jp

1. [XC®HIZ

BT, YBCO ##1 %2 W @iREEEr—7 L ORRE
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DOBEEr—7 NV ORFICET LTS, ZO7NT, K
St (RPRBREFERILEGHOET 0.8 W/m LIF), 3
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BEE L — /LRI, EEER S X OVERS SR BRI
WRLEIZEDO BN TN, > — /L ROERH#ELL T, 2
mm? DERFFRLARR 155 A% 3 EREEICL TERETITT,

RERATOMB EEE R B I OEEE L — VRO BRI
N, 4370 A, 6340 A THY i ] LI EBEEA O
REROAFFERW—HE R,

3. BEMMARER

2 m EOBEEr—7 )V 2 RETFATICW T, BEEEA
LREFNT L ATHRBIEEHER LT, BEES —/LRIX, &
— I RELEZERSE T, = LRERNRNLDL LI LI,
Flo, 2O —T A TR B E % O AR E T 5720
TA—~ BEEER L BEE— AN E R#E— AR
7V DR ORISR Z ATz, EHIC, BEEY —
VR BIZR—VE - BEEY — VRER e T AFaA )L
PEREL . W HR, o — VR ERZRIEL,

77.3 K OKSE F CHRAEERICERSE, FBERAER
B\, FEOIREEIFEMR LB, AR ERARIEL,
%@@/\ MEZ R L 72, W EE O SMT 20,30,40,50 KA,
D 0.1 L 0.6 sec ZHEHML . 63 kA, DEMETIX0.05, 0.1, 0.3,
0.6 sec &FEHiL7=, Fig. 1 121X, 63 kA-0.6 sec BEF D@ EER
Ly — N RERZRLTEY, — /L RERITEEERD 92%
DRESIZ/2>TEY, RIBOBIEL /NS, F72, 0.6 sec &
e NVEL, B ERESS WENS, BEEICEI OIS
AU, Fig. 2173010, EEEEERORE FANTr—<X
DHRELI2H TS, BERTLIC [c ZRHlL7Z23, RERATONE
REFME N L —EL., 63 kA OBEIRITH L T4/
MWRNHHEINGY DT,

4. HEE
ABFFEIL, BT L 5 — « BE TR 6 B S A D ZRE
ICEVERLIZH D THD,

Table 1 Specification of the 275 kV-3 kA HTS Cable

Structure Specification Diameter[mm]
Former 325 mm? copper stranded | 21.7
HTS conductor | 2-layer 28 tapes 26.8
Insulation thickness: 24 mm 75.3
HTS Shield 1-layer 43 tapes 75.8
Cu protection 310 mm? copper tape 82.2
Protection Insulation paper 84.0
YBCO tape TFA-MOD YBCO 1.5 um
5 mm width, Copper coating (0.025 mmt)
[, :150 A(300 A cm™)

Over-current [A]

Over-current [A]

63 0 kA-0.603 s
Sheild current
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Fig.1 Waveform of 63.0 KA-0.6 sec
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Fig.2 Temperature after over—current of 63.0 kKA-0.6 sec
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Electromagnetic formulae of complex form for conductors with triangular or polygonal cross—section
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Fig.1. Complex expression B(z)=By(z)+iBy(z) of the magnetic field at z
produced by an infinitely long z-directional straight thin conductor with
current [ at z,.
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(a) (b)
Fig.2. Schematic view of two parallel conductors with triangular or
polygonal cross-section, (a). Cross section of two parallel N-sided
polygonal conductor of the vertices, i, Cy, ..., and Cx with Cn:=C;, and
M-sided polygonal conductor of the vertices, z;, z,, ..., and zy with
Zm+1=21, in the counterclockwise order (b).
sEXH
[1] T. Tominaka, Abstracts of CSJ Conference, vol.73, p.277 (2005).
[2] T. Tominaka, Nucl. Instr. & Meth., vol.A458, p.619-626 (2001).
[3] T. Tominaka, J. Phys. A:Math. Gen. vol.39, p.6045-6055 (2006).
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AC loss characteristics in monolayer and multi-layer power transmission
cables: gap effect
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1. Introduction

Superconducting power transmission cables comprising
coated conductors have attracted broad attention as one of the
most valuable and feasible applications of high T,
superconductors. AC loss reduction is one of the critical issues
for their introduction to power grids. This paper presents a
comprehensive analysis on the influence of gaps between
coated conductors (tapes) to AC losses of monolayer and
multi-layer power transmission cables, named gap effect.
Numerical results have shown that gap effect significantly
influences AC losses of monolayer cables, but the gap effect in
multi-layer cables has not been clarified well. Firstly, the gap
effect to cables constructed with different number of layers is
discussed. Furthermore, the wvariation of AC losses of
individual layers in a 6-layer cable is analyzed. Secondly, AC
losses of cables with different critical current distributions are
calculated. The results are presented and discussed for
comparing the influences of critical current and gap effect.

2. Numerical results and analysis

All the AC losses are calculated with a numerical model
employing 1D FEM [1]. As shown in Fig. 1, 4 types of cables
are analyzed. These cables are classified into 3 groups in terms
of the size of gaps, including small gap, medium gap and large
gap, shorted as SG, MG and LG, which are 0.26 mm, 0.36 mm
and 0.56 mm respectively. Detailed properties of cables are
listed in Table 1.

Table 1. Properties of cables constructed

No.of No.of I of tape
Width of tape =2 mm layers  tapes (A)
Thickness = 0.002 mm 1 25 472
I, of cable = 11.8 kKA 2 51 231
1,=7.07kA 4 106 111
1, /I,=0.6 6 165 71

The numerical results presented in Fig. 2 show that AC
losses increase while applying trapezoidal J. with bigger
shoulder. However, no matter what style the J; profile is, along
with the increase of layers, the differences of AC losses
between cables with SG, MG and LG are getting smaller,
indicating that gap effect performs more influence to cables
with fewer layers, for instance monolayer and 2-layer cables,
while hardly influencing cables with many layers, specifically
6-layer cables. This result proves that, for multi-layer cables,
small gaps are not absolutely essential to reduce AC losses.

Fig. 3 shows the AC loss distribution among layers in a
6-layer cable. By increasing the size of gaps, inner layers are
more affected and generate more AC loss, while the AC losses
of outer layers decrease, which counteracts the increases. This

s T S
2000
/ ; /

|

\ \
\ 7/ N\

\\ // N / N

Fig. 1 Demonstration of cables with small gaps (SG). From left,

monolayer, 2-layer, 4-layer and 6-layer cables.

result essentially explains why 6-layer cables are hardly
influenced by gap effect.

3. Conclusion

Gap effect substantially influences AC losses of monolayer
cables, while hardly affecting cables with many layers. This
knowledge is very useful for designing and fabricating
practical cables.

———6—— UnifromJ, SG ——e—— Trapezoidal J 0.2 mm, SG
—+&—— UnifromJ/, MG ——&—— Trapezoidal Jc 0.2 mm, MG
—_— Uniﬁ'om./c, LG ——&—— Trapezoidal JC 0.2 mm, LG

Norris Strip - — ® — - Trapezoidal J 0.3 mm, SG

- — B — - Trapezoidal .1C 0.3 mm, MG

- — k- - TrapezoidaljC 0.3 mm, LG
35 \ \ \ ]
C 1/1=06 A
3 - A t c —
251 £
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% E ]
« F 7
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2 1S5 i
Q C m
< u ]
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Fig. 2 Numerical AC losses of cables with various numbers of
layers under different styles of J, profiles.

——&—— UniformJ ,SG ——e—— TrapezoidalJ 0.3 mm, SG
c c

—+&—— UniformJ , MG —®&—— TrapezoidalJ 0.3 mm, MG
c c

—=#—— UniformJ , LG —&—— TrapezoidalJ 0.3 mm, LG
c c

025 — \ \ \ \ ]

r 111=06 ]
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E o015 .
z r ]
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< L ]
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ol | | L]

| |
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Fig. 3 AC loss distributions among layers in 6-layer cables
under different styles of J, profiles.
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Transient stability simulation of HTS power cable forced cooled by sub—cooled nitrogen
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Fig. 1 Thermal analysis model of 3 phases in single core cable.
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Fig. 2 Conductor temperature profile of 20kA-2sec.
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