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Cause of Degradation of REBCO Tapes due to Over—current Pulse Drive
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Table.1 Specifications of YBCO coated conductor

Length (mm) 70
Width (mm) 5.0
Cu (um) 50
Ag (um) 30
YBCO (pm) 1.5
CeO, (um) 1
GZO (um) 1.2
Hastelloy (um) 100
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Fig.3 Results of magneto—optical imaging
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Current transport property on REBCO coated conductors fabricated by CVD process.
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Table. 1 Specification of specimens.

specimen #1 #2 #3 #4 #5 #6

d (pm) 033 055 077 099 121 143

T.(K) 893 896 909 913 907 89.7
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Fig. 1: Magnetization critical current density at 0.1 T vs.
superconducting layer thickness in the temperature region
0f20-77.3 K. The lines show the results of CVD processed
YBCO tape?.
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Fig. 2: Magnetic field dependence of apparent pinning
potential at 20 K. Symbols with dotted lines show the
results of CVD processed YBCO tapes®.
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Fig.1 Magnetic field dependence of J, at 77.3 K for B || c.
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RBEERNHD, ZOHP THRIKNERIRE CEET L0
I, W HIZARDOEIEOE N SHIE B S T0D, L LER Y
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T2 TNBE A MREL, BRIV —7 -7 —E T )L TOfE
W DOBEE LI > TUND, 2O/ 8T A—Z DY E & BT =
VRXLELT GAZRWTTHIZERAIF LD HINTH S,

2. BBIAE

SQUID Z HWWCHIE LT S -FE i L (DT L,

INTA—HDREEITI. GA IXFEHETITV, ZXITITT
> RAE X (Blend Crossover, BLX-«a) #HWbZtELiz, 2
¥ Fig. 1 I, BEOBIZTEAREL TERS-Z2 Kkt
B %W — & DOE G CHRRE L= SHIk O NE A HR D
BlERELVOFIETHD, 728, T TRHWE T A—4
K OEATHEF A DL IR T,

© A BV OEMEERT, ZOENRKET UL ER
BREE J HETL, £ i3 EFET5,
FEMTRIFE 1.0 X 10"'~1.0 X 10%

© o BV DR HELRT, ZOMPKREAIUT J 1T L
L. EIFETT%,
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© oy TR E LT L X DA 2 B R B R
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LB TD [, OBGIRTFHEIN NS85, 0~1 OFiFH
LD,
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HI=H TR BT I Lo T 35011, RSB  EF
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HIHEEEIANIBNT, EikERICE> Th=bEN5
R BB AEMROSMAICEELBIIET, TNETIZEE
LZRWELR DY SRR OB J5 1) H o 3012 331 Dl i S
DEYAR N EH2ERRE IR T ML TRENDIEERL
T&E2], ARKXTITBRBELEZERD Y RBMIZEBITS
HERERE SR OWE 181 0 A7 2DV TR T2,

2. EBRAE

Fig. 1 IZJEROMEXZ7RT, (x, ¥, 2 = (0, 0, 0)&HAF
O FEEEET D, v FEANT Y R
Ko THEUDMERMBLA D 2z TR D3R ERIE LT, FMT
EITEIRELY Y BRI EBR AL, SOICBEE -~ Rk
(ZROBM DT — 7 Ik U CHRE (2 §HIE )7 17) (B R %
FIUINUTz, SNBSS A B S B 7 L O E R D ZED 55
DAEZ MR R L EFR LTz, A2 Y SRBRES I130E 4.1 mm @
SCS4050 (SuperPower Inc.) T 5,

3. BIERREER

Fig. 2 12, — O R IZB W CEER T IR
DO HEHMUIZ G ORISR O 2z Ry D HERT,
BBV D A CIThiviz, R—/ ' i EfAF
FEEDIEHEX 0.9 mm (2= 0.9 mm)THD, x=0 - 2.05 mm
IZBWTHERRRESR D z B2y x 125t B ABRIT K S RE SR
WCBWTUIE—ETHY . = O A E O/ TR IR
EIOBEFUEAT LT —E LT,

Fig. 312,z = 0.9 mm OB BT B —B DR D
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BFFICEREZEML, EEBROGE, BEREHIINLTZ,
Fig. 31XAMERRE A DN T DEXDWHLRE R D434 T D, EIIN
BB RKELRDIZONT, WA D z By D x 12375
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INEDZENLEM ~D B L > TR B TR A 3284
FTHIENERMIRS NI,

4. FE
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1T L EOAEBBER IO TEEL TOZRWDEBMIZEBITS
z J5 A D FERIE TR 13RS O Hp R B0 FEfE L L4 128D
L. SHITZ D A B O 1e FAR A1 1 R R B DR JE DGR
WAFHELIFIEE LW ERHALE T2, T, WEEFH OB
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E-mail: zxp@mail.iee.ac.cn

1. Introductions

Remarkable progresses have been made in the
superconducting properties of second generation high
temperature superconductor REBa,Cuz0;-, films in the past
years. However, the critical current density (J;) of REBCO
films still decreases rapidly as the magnetic fields increases,
especially for the field parallel to c-axis. One of the main
reasons is that the naturally induced defects along c-axis are
poor in as-grown REBCO thin films. This restricts the high
field applications of REBCO films. Many studies in
introducing artificial pining centers (APCs), such as nanorods,
nanoparticles and so on to the REBCO films, have already
been conducted in the past years. In them, Zr doping as an
easy-to-use approach has been hotly investigated recently [1,

2.

2. Experiments

HoBa,Cu307, films were grown on SrTiO; single crystal
(100) substrates by metal organic chemical vapor deposition
(MOCVD) in high magnetic fields. The substrates were set in a
vertical reactor, which was installed in the room-temperature
bore of a cryogen-free superconducting magnet, and the film
deposition was carried out at a constant vertical magnetic field
of 0 and 8 T. The deposition conditions details were previously
reported [3, 4]. The phase constituent and microstructure of the
samples were investigated using X-ray diffraction (XRD) and
scanning electron microscope (SEM). The transport J; at 78 K
and its magnetic field dependence were evaluated by a

standard four-probe technique with a criterion of 1 uV/cm.

3. Results and discussion

The field dependence of J, at 78 K for different samples is
shown in figure 1. As can be seen, the J; values of Zr doped
samples are improved in both B//c-axis and B//ab-plane
compared to those of undoped samples. For example, the J,
value was enhanced from 2.1x10*A/cm® for undoped samples
to 5.8x10*A/cm’ for Zr doped samples at 5 T for B/ c-axis.
On the other hand, the angular dependence of J. shows
obviously different behavior for the Zr doped samples

fabricated with and without magnetic field. When the magnetic

1074 —=— Pure
—e—Zr 118°C
—A—7r 118°C 8T

J (Alem’)
5&

¢

78 K

10" b e e
01 23 456 7 8 9101112131415
Magnetic field (T)

Fig.1 J.-B properties of undoped and Zr doped samples

0204  —=—Pure 2
o8
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o 0154
: .
2 ol
= 0104 P
~° ;
i X
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3T
Ittt o £ 4
0.00 T T . , ; ;
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Fig. 2 Angular dependent J, of three HoOBCO films at
land3 T

field was applied during the sample fabrication process, an
enhancement of J, around the c-axis and a depressed J, along
the ab-plane was found for the Zr doped sample, which can be
seen obviously from figure 2. This means that the magnetic
field has a positive effect in the formation of c-axis correlated
pinning centers. Further discussion is necessary for this

phenomenon.

Reference
1. Driscoll J. L. MacManus, et al., Nat. Mater., Vol. 3 (2004) p.
439
2. S. Awaji, et al., Supercond. Sci. Technol., Vol. 23 (2010) p.
014006
3.Y. Ma, et al., Jpn. J. Appl. Phys., Vol 39 (2000) p. L726
4.Y. Ma, et al., Phys. Rev. B, Vol. 65 (2002) p. 174528
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1. FC&IC
IMEDHIZICHE W T, REFeAsO & AFeqAsy DRI
(REFSHL, A:7 LA V) R LB kh s
SN, 50 K 2 A B MRE T, ZFDOWEL H 5 C
END, HEHNMEE TS, LhLINbDHke
REBEGRTIE X R REDEM U M ERIE N T
?053— P OEEREREE J. Heisaick b, RN
BIRABEICHANTELEZ> TV (1] AWFETIEKRL
Fﬁo)%%‘f‘ljj: %Eﬁli’?%t&b %‘f‘DEIElo) Sro 6K0 4F€2A82
IR ZNFN 10 wt%, 20 wt% I izidelo J, %
SQUID )5 17 Fw TR L fﬁ(ﬁb[l@%ﬁ%%éﬁﬁb
Teo Tz, BRRRMELIEORMK K O, EELGH T OHEG
DA Z 7 U 7z,

2. EBR

gﬂ*ﬂ' Li Sr0‘6K0'4F62ASQ E%%ﬁg I ﬁﬁ%%?f’l%ﬂh
10 wt%, 20 wt% WLz E O L HRMOE DD 3D
e Ulze Balkle & —BRIEHRISIC &> TR E
SR TH B, Bl Y A X% Table 11R9, il
. FREIDIEWT (w-1 ) ICEEICMFTVE E LT
%o FREMAEE ORGSR, 2 FEEADBHEE RO A LD
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RO A R X ORI LTz, %72, CRBOfEE
MWW CREFEEDOEIG OfEZ #Hll U 7z,

Table 1: Specification of specimens

specimen w l t
[mm] [mm] [mm]
#1 SI‘Q.GKOAFQQASQ 1.12 1.73 0.75
#2 SI‘OGKQ4F62ASQ—|-10Ag 3.53 3.53 1.16
#3 Sr06K04Fe2ASQ+20Ag 1.91 2.77 0.95

3. BERRU%ET

Fig. 1 ICHEMBIALINE DR R KX D E SNz Jlocal
Jetobal YR EEARTF M 2 IR S, RN D EKL Tl Jlocal
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Jelebal MRV K2R T 5 728, FREIRLEIIE D5
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(31 — w)w?t
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mg:

4,2
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EHIT B, RIGHENOY A X (FF) THO, SEM D
BISHERK D, HAMOE DA 0.25 pm, 10 wt% %
INL 728 DA 0.5 pm, 20 wt% FIN L7236 DD 1.0 pm
TH5 2l BERDOWKE—AY k my FRIMERAND
BSE—AY FOEREDETHEHDT

mpr = m1N1 + mg (3)
THREND, TTT. N BHERKOHTHD

N = ﬁf (4)

TEEND, EEL, V, =wit, i = 47R3 /3 3T NE
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BEDOEEEZ RO TA, ZNFN0.21, 0.69, 0.46
Loz 3XTOY A b o)S—al—a ViR XD,
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Fig. 1: Inter-grain and intra-grain critical current

densities estimated by remanent
magnetization method.

4. BEXH

[1] E. S. Otabe et. al.: Physica C 469 (2009) 1940-1944.
[2] L. Wang et. al.: Supercond. Sci. Technol. 23 (2010)
025027.
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KTITHZET, NEICKILE G RV E O L7 (LU,
BUERD) BEHNDENTA20[1], FHIS LD B PR D i
ERRESHTVS[L,2]. LL, TRETICHRESA TS
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FptE% 77 KAIZRBWCRHIL, B0 B A LD Rt
WEN ROV THRFLTZ.

2. EBAE
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HEBREITV, 77 K COBMAREZ M L7, WA ERED
mol T 3:1 7221 51CFF &L 72 DyBa,Cu;0, & Dy,BaCuO;
(LLF, Dy211) ¥y RIZ, fEdbkRi®fE T Dy211 R T&1H
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HEL-#, 7aA~yR#E 0.1 mm/min T 3 At &R
1TV, ZIUCEBIE T — O T B LY 7 R o iT RS
ZeREA U7z R VI T AR 1 0D Y S BRI 85 1 L A [ G AT
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HEFEL VG /NSO, BB CIEmEFITIEEL WD, A
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Research on behavior characteristic to shorted current of a small-scale YBCO superconducting
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Table 1 Specifications of two-layer cables

Conductor width 4.5 mm
n value of superconductor 30
No. of conductor in inner / outer layer 18/19
Gaps of between conductors 0.778 mm
Total critical current 3700 A

Table 2 Spiral pitches of two-layer cables

Spiral pitch of  Model A Model B Model C Model D

Inner layer 0.6 m 0.4 m 0.2 m 0.15m
Outer layer 0.3 m 0.2 m 0.1 m 0.075 m

Table 3 AC losses of two-layer cables

AC loss

Model A Model B Model C Model D
(mJ/m/cycle)

Inner layer 0.46 0.45 0.45 0.45

Outer layer 1.16 1.18 1.32 1.50

Total 1.61 1.63 1.78 1.95
Spiral pitch

Analyzed area: X
- o

X
Fig. 1 Schematic of longitudinal periodic condition:
Shadow area is calculated and dots area is the same
electromagnetic field distribution with shadow area.

Conductor of inner-layer

Fig. 2 Transverse current distributions of two-layer cable with
[=0.4 m and /,=0.2 m:
(a) Outer-layer, (b) Inner-layer
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Table.1 Specifications of Superconducting Model Cable

Outer diameter (mm)

Copper former 16.5 (140 mm?)

HTS conductor layer 22
Electrical insulation layer 35
HTS shield layer 36
Copper shield layer 42

Thermocouple  Coppershield layer
thermomete

former /' T8 shieldlayer
HTS conductorlayer

Fig.1 Composition of Superconducting Model Cable
_ o Copper v

ol byyon

EIIJ 05 | 15 2 25
Tiresa [5)
Fig. 2 Results of temperature rise
(2 [R=et

(b) Simulations
Fig. 3 Results of current distribution

(a) Experiments
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2. X. Wang, H. Ueda, A. Ishiyama, et al.: Abstracts of CS]J
Conference, vol. 80 (2009) p.49
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Construction and current—feed test of 200 m DC superconducting power cable
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RN LTV, HIBIMAE 4 ARETr—7 2k
DHREIRRE LIRS Te Z LR MR LT, D%, IRIKE RIR
JET 1.2kA DIBBEBETIT-o7,

230

Table 1 IZAGERILE DEARZ T, ZHETO 20 m #
(R — T )V CILEE OHARE BLAH & U 7o 72 8 [F] i BLATAE
HEEL T3, 200 m /7—7 VTR RE S — T VAR D
WA BIEOHAE 10 kV [TE Y CHRE s s L7
(Fig. 1 (@)

F7- BAMCEHRBELIZK 200 m DOWIEE S A — 7 L%
2000R DIFRLEZFFSOATELROBLELEL , 2 B OHTRED
(Fig 1 (b)) X OB DM AR R 24 (Fig. 1(0) 1XFEBR=|N
WCRRE LT,

ZHNETO 20 m r—7 LV TIIB LS A2 AT L Ao
AR —NERZETHRE L FOPIBREGR ik T
— REARNDI2 D — T VARIREAR AT DR E LR AL
Too ARBRIEEIZB WV THEIRRIC, AR —ME TRYELZK
200 m OWEHEEZH5NCOREL, TR —T7 1
KEEATFNTHIERA L7, 2009 4E 8 HITIT b2 0
AEZEIE, A RO 200 m 7 —7 LV CHRERSK T 3528
INTET,

AFRBRIEE CIE, 7 —T VAT D HTS $A—ARIC
XL CEMRI—RE— KT oL T0D, BV —F
WZIFEA L F =BV —R (PCL) ZEEH L TD03, 4MIl HTS
BT JE D —ERIIL LB DT D R DO E IR — N & B L=,
PCL OMERERBROMEE || K FBIE)—RITIE 3 KFDDEL
EX AR HTHNTEY, ZNHOEFRIEE DA 2009
12 H, 20k, WiEE - 7 — 7 VIR ERD BEZ2HER N
2010 4F 1 AT TL, &2EE D ERRLTZ,

(a)
SC tapes (outside layer)

SC tapes (inside layer)

aaaaaaaa

i i

T e B bbb

Table 1 Specification of 200 m DC superconducting
power cable test stand in Chubu University.

Current DC 2 kA at 78 K

Voltage DC =10 kV

Cable structure Coaxial, bipolar current feed

39 Bi2223 HTS tapes
(23 tapes in inside SC layer,
16 tapes in outside SC layer)

SC tape

72 Peltier current leads
Current leads
and 6 copper leads

Cryogenic system 1 Stirling type cryocooler

1 kW at 77 K

Cooling power

3. EEHER

WHSE T#% . PCL O@hERBRZ T, 7 —7 2RI
1.2kAT1 H#Féﬁ@@ﬂf BR AT o7z, ARRBRIEE T, B
EF— T M ECBESY T EROT, KB O E
OFER, BFY—FIZ PCL ZEALTWARWE0 (Bt EN
%b\)%@b\f/f~7/w>%f?<ﬁ7b>ﬁh:wk ETHHILE
TeRTHLEHIZ, BET T PCL D~V F 2 HEFE (X 4
mm FEEE) T 70~80 K DL EOIRE S HEBRFFCE Qe
ifﬁ%mu L/T;o

SE

1. M. Hamabe, et al.: IEEE Trans. Appl. Supercond., Vol. 19
(2009) p.1778

2. S. Yamaguchi, et al.: Abstracts of CSJ Conference, Vol. 80
(2009) p.57

Fig. 1 (a) Cable core, (b) cryostat, and (c) cryogenic system of 200 m DC superconducting power cable test stand.
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Measurement System and Cooling Process of A 200 M HTS DC Cable
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KAWAHARA Toshio, YAMAGUCHI Satarou (Chubu Univ.)
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1. Introduction

A new 200 m high temperature superconductive (HTS)
cable test facility was constructed at Chubu University
recently [1]. The test facility consists of cryogenics, vacuum
system, HTS cable, control and measurement system. A
KEITHLEY data acquisition system with 600 channels was
developed to record various kinds of data of the test facility
[2]. After construction of the facility finished at the beginning
of 2010, we started the 1st cooling test of the facility, and the
temperatures of the whole cable reached at the liquid nitrogen
temperature within one week.

2. Measurement System

The measurement system was developed to collect
sufficient information for the evaluation of the test facility
performance. The data recorded include the temperature,
pressure, level and flow rate of liquid nitrogen (LN2) coolant,
loading current, voltage and temperature of the conductors
and pressure in the vacuum. The measurement system
consists of 2 KEITHLEY 3706 data loggers, four PCs and
visual monitoring system. The PC1 logs the data from the
sensors with about 2.5 second intervals through the data
loggers and the PC2 displays and makes a backup of the
measurement. The PC3 is used to monitor and store the video
from the network cameras located at the different places
around the facility. The PC4 acts as a Web server and the
actual measured values are accessible online via a Web
browser. In Fig. 1, a screen picture of the monitoring system
is shown. The measurement system was suitable for
monitoring the HTS system with a number of sensors.

3. 1** Cooling Test

We started the first cooling test from Jan. 19 to Mar. 8.
Firstly, we replaced the residual gas in the inner pipe with the
gaseous nitrogen (GN2) and cooled down the HTS cable with
cold GN2 and LN2. Fig. 2 shows a schematic diagram of the
coolant circuit, which includes two LN2 reservoirs, a stirling
refrigerator, a cryopump, and the thermally insulated double
pipes. The temperatures of the inner pipe were precisely
measured with the Pt resistive thermometer devices at up and
down as the inset of Fig.2. The HTS cable was cooled down to
LN2 temperature on Jan. 23. Fig.3 shows the time
dependence of the inner pipe temperature at the both ends of
the inner pipe. We tested cooling and warming up the cable
repeatedly to evaluate the contraction of the cable due to the
big decrease of the temperature. After cooling down the HTS
cable, we tested the cryogenic circulation system. We found
that the LN2 was able to be circulated with the flow rate of 10
1/min. From the first cooling test, we found the total thermal
loss was less than 1000 W mainly from two terminations and
the 200 m pipes, which depended on the flow rate and
pressure of the LN2. In our presentation, we will report the
cooling process of the facility with this measurement system.
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Fig.1 A Screen Picture of the Monitoring System
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Fig.2 A Schematic Diagram of the Cooling Circulation.
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Fig.3 Time Dependence of the Inner Stainless Pipe
Temperature for Two Months Cooling and Warming Test.
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The magnetic field distribution and the critical current
in superconducting DC transmission power cables
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Fig.1 The magnetic field distribution around a HTS
tape. The current of 160A is applied to a single HTS
tape.

Fig.2 The magnetic field distribution around a HTS
tape. The current of 160A is applied to three HTS
tapes.
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Fig.3 A comparison of [-V characteristics with respect
to HTS tape arrangements.
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Fig.1 Nano magnetic beads
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Fig.3 Mercury adsorption and desorption
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Fig.2-1 Adsorption time dependence of phosphorus removal
rate.
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Fig.2-2  Magnetic field dependence of adsorbent leakage
quantity.
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Fig.1 Schematic illustration of room—temperature magnetic

refrigerator with rotating Halbach—array magnetic circuit rings

-

Fig.2 A pair of Halbach—array magnetic circuit rings composed

of axially—directed magnets and roundly—directed magnets, and

calculated distribution of flux density at the middle of the pair
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Construction of cryogenic cooling system for superconducting cable
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Effects due to directions on characteristics of cryogenic oscillating heat pipe
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Fig. 1 Concept of combination OHP

— 101 —

ol
22 | - Cooling part
Eru |
30 | i 240 Heating part
m |
22 | Cooling part
e |
Fig. 2 Design and photograph of OHP
6 1
Working fluid; Neon /
5 Temperature of cooling part: 27 K /
F: Liquid filling ratio // . o
o 4 i A
X,
~ -
83 S o
§ e
~ —+—Combination OHP F = 50.3%
—8—Combination OHP F =70.3%
1 <-Single OHP F =50.1%
©-8Single OHP F =79.8%

o 1 i |
0 02 04 06 08 1 12 14 16
Heat input [W]
Fig. 3 Comparison between the results of combination OHP
and single OHP experiments. Delta T shows the temperature
difference between the cooling part and the heating part.
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The 200 m HTS DC cable cooling system operated in thermal siphon mode
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1. Introduction

The latest advances in high temperature superconducting
(HTS) power transmission make it possible to use this
technology to drastically increase the efficiency of energy
management. Record low heat leakage should be achieved
when constructing a large scale power transmission line. It is
known that natural circulation of cryogen can be used to
remove pump heat load. We are going to support the validity
of this approach at a new 200 m HTS DC power transmission
test facility which has been installed recently in Chubu
University.

2. Experimental facility

The experimental setup is shown in Fig. 1. At the first
stage the dependence of hydraulic resistance in the cryopipes
as a function of flow rate of LN2 should be obtained. The
pressure head can be controlled within wide range both by the
levels of LN2 in the tanks and by the nitrogen gas pressures.

3. Numerical model

Design equations were obtained from Bernoulli’s formula,
correlations for pressure drop, and heat balance conditions.
Mass flow of LN2 for slightly simplified model was estimated.

4
\ ------- 0.5 W/m
3 —0W/m|__|
. - 15 W/m
\ 2.0 W/m
< .
=2 [\
© .
1 ~\\\
. &k\
R T
0 =
0 0.1 0.2 0.3 04

v [m/s]

Fig.2 Temperature difference between incoming and outgoing
flows of LN2 versus velocity for different heat loads.
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Yu. Ivanov, et al.: Abstracts of CS] Conference, Vol. 80
(2009) p. 82
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Fig.1 Design of 200 m HTS DC power transmission line in Chubu University.
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Heat leak measurement from supporting structure on cryogenic pipe for DC superconducting

cable
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Fig.1 Picture of supporting structure.

Fig.2 Temperature distribution of supporting structure
in simulation.

(O —Fromm]

L SS—

Fig.3 Heat flux distribution of supporting structure in
simulation.
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