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Fig. 1 (a) Cross-section of a REBCO-coated conductor with an
ultra-thin polyimide coating such as 5 pm. (b) Surface of the
ultra-thin polyimide coating for the conductor edge and for the
conductor center plane observed by SEM.
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Fig.2 Micrographs of the winding area obtained from vertical
direction for the coils wound with (a) a ~20 pm-thick
polyimide coated REBCO-coated conductor, with (b) a ~5
um-thick polyimide coated REBCO-coated conductor, and (c)
a bare REBCO-coated conductor. (d) The volumetric fractions
of the conductor in the coils for three test pancake coils.
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Evaluation of a superconducting coil with polypropylene insulated ReBCO coated conductors.
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Towards a new era of superconducting coil systems with REBCO coils
- World's first 2D-NMR spectra for a LTS/REBCO NMR system -
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1. Introduction

REBCO-coated conductors are promising to open a new era
of various superconducting coil systems, such as high-field
magnets for NMR, MRI, accelerators and power apparatus. For
NMR magnets, magnetic field can be substantially enhanced if
we use REBCO coils; i.e. 1.8 GHz (42.3 T) class NMR magnet
is probable, which is the same size as to that of 1.03 MHz
(24.2 T) NMR magnet, by operating the coils with high hoop
stress and high current density.

As the first step towards the next generation ultra-high field
NMR, we have developed a LTS/REBCO NMR system
operated at 400 MHz (9.4 T) by integrating the technology
developed in our previous works[1,2]. This paper presents
results for the world’s first NMR system using a REBCO coil,
which is also the world’s first full-scale REBCO coil system.

2. Experimental

An REBCO insert coil was impregnated with paraffin wax
to prevent degradation[2]. A Bi2223 insert coil developed in
the earlier work[3] for a 500 MHz LTS/HTS NMR magnet was
replaced by the REBCO insert. The magnet was operated at
driven mode with a highly stabilized DC power supply. A set of
ferromagnetic shim rings and plates were installed in the RT
bore, which was optimized to correct error harmonics caused
by the screening current. The magnetic field fluctuation caused
by a DC power supply in driven mode was stabilized by a *H
internal lock[3]. After any magnetic field inhomogeneity was
corrected with cryo-shims and RT-shims, both the 'H spectrum
shape for the standard sample of 1% CHC]; in acetone-d6 and
long-term field stability over 5 hr were measured. Finally, a
2D-COSY NMR measurement for amino acid was made.

3. Results and discussions

A remarkable magnetic field drift with time, due to
relaxation of the screening current, was observed after
charging the magnet; the magnitude of the drift is 20-times
larger than that for the LTS/Bi2223 NMR obtained in 2008[3].
A current sweep reversal[4] as large as 5% of the peak current
was applied, which suppressed the magnetic field drift.

Enormous field error-harmonics of z> emerged, as seen by
the open circle data in Fig. 1, as the z>-harmonics generated by
correction coils outside the main coil were shielded by the
screening current in the REBCO insert. The remnant
z*-harmonics was corrected using ferromagnetic shim rings
installed in the RT bore. The z* error harmonics over 2 cm was
reduced from -66 ppm to -0.15 ppm as shown by Fig. 1.

Figure 2 shows a long term field stability and field
homogeneity. Both the peak frequency and the spectrum shape
remain constant over 5 hr, which represents that the stable and
homogeneous magnetic field was achieved to make NMR
measurements. Figure 3 shows 2D-COSY NMR spectrum for
an amino acid sample of lysine, representing the spin coupling
between nuclei.

4. Conclusions

We developed a LTS/REBCO NMR system operated at 400
MHz (9.4 T) and achieved word’s first 2D NMR measurement
using a REBCO coil, which is also the world’s first successful
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Fig.1 Magnetic field distribution along coil axis for the

LTS/REBCO NMR magnet operated at 400 MHz (9.4 T).
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Fig.2 Long term field stability and field homogeneity for the
LTS/REBCO NMR magnet operated at 400 MHz (9.4 T).
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Bl TS, A HE, G BUE, TR ZE, ik B, A0 Mg
IWAI Sadanori, TAKAHASHI Masahiko, TOSAKA Taizo, TASAKI Kenji,
E-mail: hiroshil 7.miyazaki@toshiba.co.jp

()

MIYAZAKI Hiroshi, ISHIT Yusuke (TOSHIBA)

1. [ZC®HIZ

BEEIA NV EHEE CRERETSE 7 1y T, 2
Bk D | BeAT — U T HISZ RS O — LR IC K
B A VA~ DEYZ N BZARI T 55 EN I TH 5.
Y RHAIE 20 K BLETHEWERABREEEZHL QDT
O, G — VR DR WEH IR~ 7 Ry MERS FTREL 705,
LLZss, iES — LR A< 7 2o Tl BBEEa AL
EA~DOBEZ A BNEILTLEI =D, A /LEBICILE 2
NEUTLEY. £, BEENME LA, A VIR
NI EHL, 720 F L CLEIMBELALD. £2C, &
LA VB OB Z KELTHIETIANER~DEYZ
ANBEER LI~ 7 2o MBI L[] AR E T, WA
RV AT Ry b VT, BRI A E IS
REZFEL, L~ Ry MERO A ML RGEL =D
THET 5.

2. TRV DER

HEH S — LR L 2~ 7 2o ORERSAE % A Fig.1 1279, 18
BEIA NI N —ATEDNTEY, BEEa L Ea
ANV —AD RN MR E R NSO - TR S AL [E R
Wr 218 % 5% 1 TN . E%ﬁﬂwv&:mv#—ﬁ“ﬁ@?&?&
PR KRELp D720, MBEME L5612, 240 —
ALaANVRNIRE R AL SEDD kf:w/m{mr“ A E
JEZARRCMNNCTHIEMTED.

NSO RAEIAET DO IREL =R s — L R
ETFIN~ T RN RALIZY RaA/V% Fig.2 [Rd. NEE
600 mm, #ME 730 mm DL LTI Ar—F AL HA B IO
#B)& 2 KRB L 72V CTHY, Y RARMS 1 ALK 2
RO T 72D LTz SUS #) 3 RTHE RSN TS, 2 7
JEaA N OEEVEEFTE 572012, #A BLOEB aA//10
[ Ao S g UL DG R -4 - e AN QT 7 e 3 1}
L7z, B % Fig.3 12”77, #A :»aoto#B SALD [T
56 A, 63 A THY, n E10°~107 V/em E%)E, EH58 23
LAKTE AU E IR & T R 470 T A R i%ﬁ‘ﬂ‘é LAEMERRL
7-.

3. RS LA ER

RS — VL AT <7 Ry "B HIL- 5, BX
Z 14 H#F‘EJT@E:BEE%{EF (42 KL P25t i L.
AR ENTE W\ oT= 2 e H MR8 i%, TSP 250 A BE
L, @ﬁwzﬁzﬁ%‘é%{?ma‘éﬁ%ﬁ@%mbt. N
Fig.4 |9, A Eaf L r—RAIREZAENELDHILET,
SANVARFEDFER)NZ ERL, 37 S MlEE CEHI AR

Electric field (V/cm)

YBCO co11 Current lead Single-stage cryocooler

Cooling plate
Support @ +

Heat- 1nsu1at1ng barrler

Coil-case
Vacuum vessel

Fig.1 Schematic drawing of radiation shield—less magnet
External electrode

Cooling plate

Fig.2 Photograph of 2 stacked pancake coils

107

o

jm)

_ [m]
10" ° #A -
O #B o

|}

107 !
10 100
Current (A)

Fig3 E-I characteristics of 2 stacked pancake coils at 77 K

Temperature (K)

60

50 - 0908 Jonz=

40 | 4

coil (exp.)

30 O coil case (exp.)

Uiz BLEORREY, BRI~ 7 o MR, 2 F ity
HFSIE 1R 1% OIEIRRFHCA 2 ChHHZ LB LT 10 | -— coil case (cal.) |
----- cryocooler (cal.)
0 | | T T
4. FeEdD 0 0.2 0.4 0.6 0.8 1

V0 A Lkt — A Rp ) A W] REZR R S S — LR L 2=

Time (h)

Fig.4 Time variations of magnet temperatures after stopping
the cryocooler in model magnet

SEH
1. H. Miyazaki, et al.: Abstracts of CS] Conference, Vol. 86
(2012) p.126-127

7 F RO EHED TWD. S, T )L~ Ry bl fE
L, &k 250 A WETISHAHIEZ1E 1R 5B 2 I L 7.
BURIE L, S AVIREE RPN ERL, 37 s
TEHIEEFEFL, FLO~ T Ry MERR O A RPEE TR
BHIENTET.

87 20134F FERFRIR T2 - BAEA R



1A-a05

Y Fa A A b (1)

EERHAE AR LRIAILOMIES P BB

Operating test results of a conduction—cooled coil wound with YBCO wide tapes
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Table 1 Specification of a coil composed of a stack of 4 single
pancakes wound with 12 mm-wide YBCO tapes

Tape width (mm) 12
Tape thickness (mm) 0.1
Tape length / pancake (m) 24
Tape min. [c(77K, s.f.) (A)  258~304
Inner diameter (mm) 50
Outer diameter (mm) 90~91
Height (mm) 53
Number of pancakes 4
Number of total turns 446

Thermal shield

Cooling plate (AL)
/ Hall sensor

Vacuum vessel

ST-NbTi
Magnet

NE &7

FRP flange ($240mm|
R.T. bore $300mm

Fig.1 Schematic drawing of experimental set—up
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Fig. 2 Operating test results of conduction—cooled
coil at 10 K in 5 T background magnetic field
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Table 1 Specifications of YBCO tape

Width 4 mm
Thickness 0.1 mm
Copper stabilizer thickness 0. 04 mm
Substrate Pkmteﬂoy®
Type Zr—doped wire

YBCO tape I, (77K, self field) 103 A (End to End)

Table 2 Specifications of YBCO coil
Saddle—shape coil

Type of coil winding

Coil length 400 mm
Outer radius of bore 70 mm
Open Angle +70 deg.
Number of turns 25

Tape length 25 m
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1. D C van Laan, et al.: Supercond. Sci. Technol., Vol. 21
(2008) 115002
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Fig.2 V-1 characteristics of YBCO coil
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Fundamental evaluation of dependence of electrical resistance near joint region on
temperature and magnetic field in mechanical joint of a GABCO tape

IHEE BHACER, R 1B, TN R ORAERT)
SEINO Yutaro, ITO Satoshi, HASHIZUME Hidetoshi (Tohoku Univ )
E-mail: ysei@karma.qse.tohoku.ac.jp

1. [XCHIC
AT N —T TIIERA I ORIES AR, AT )23
ANEHIRAFDHLOERFREL T, v 7 Ry Mo EIflEL,
BT DL CTEBLATREE 375 40 F1 & IR B 5 E
~ 7 FMEIRELTRY[1], ZNET, 2 kKA RO ¥ 7ok
£+ REBCO ME{ROMNEAS 1TI1T 2B IPTAFAGL T
Elz. LDLERDG, HEROFHm BRI TIMRES 2 HIANL T
WRVRIETIT O TEX 2L DO THY, B0 GRS
D IS0 BESS TSR T DA IRFUT OV TEEMZR R I
T TV, Holm DOEEFRERGR[2]IC &5 Bl 38
il Bt O B R IRPURIZ I35, BB OEBEKIRITRITE
r“ FEGH KA D, F DT j:ﬁ”%ﬁmﬁé/\%kﬁﬁﬁb
BB R OGS UGE T D701, BRI -
P A ERAR SR TEE, IR - RO R TR %, %%&t%ﬁkio
BAEARAT IS L0 PR D FIEEHSLTDMLERSHD. £ZT
AT TIIERA T 7V aA L MERIZE W T, HAEH
DIREE « BEG IR % BRI R L 72, 7= BB o0 A AT
(d0HEMEH T2 L, Holm OREARFE G L LT,

2. BERR

GdBCO 7—7 (777 +FYSC-SC051,=260 A) D& |7]
LA E PRI D E P S (Dry Joint)& 7 — 7 I In 6%
AT % In $545 ABE S (In Joint) D 2 FEHHDHES FTiEIZIRB W
THAIPUERHNL-. Figl \[CHEBHES ORI OMES
R IR PIO BRI A7 OIS EE S pum O
VTR CHHEE, 7R & ) — /)L THEEL, RILMNED
(2D 100 MPa DEEAIG &N Z 7=, BRBRES T GM 1% TRk
DIFTAF ATy NMIFHEL, E—FIZIVIRERELITV,
GdBCO 7—7'® ¢ ¥ 5 WIS EFIINU T2, FERGFITIR
JE 10 K~70 K(Fig. 1 \ZRALEICEOAHT 720 /o 7 2
FEFHZEVRIE), SMHRS 0 T~15 T ThHA.

0 T, 100 A lZB T OHEEIRFIOREKAFENS Fig. 2 1TR
. RS OBEAMETEHIEN, In FEFIAES OB EHX
A DT NTHS. Fig. 2 L, Bt bloE k- THE

BEIIOWRERAE DR R DT LN R TE. Fe,

BEGRAFVEIS DD TH RIARICEEAAT B OIE N LD AR
PLOWSHRIFEDE W E IR LT

3.2 RITER D Rt

WICHER REICED 2 WotER AT E RN, 5
AR R D EARHI AR L, BRI Bk %%
TERANCEHG L 7=, Fig3 1 InfEtR ARG D56 ONTET
VAR BT AR AR R B 952 & THREEL TV
5. AREENTIZIZ COMSOL Multiphysics 4.2a 2 FHL7=. §F
JE, In {EOBFIBHRIFERTHELZLOE W, REIC
DWTIE T A W2 AN F R OB OV TR
WEOZETHRMEED GIBCO T —7F DN FHEEDOHS
?R#%Eﬂﬂﬁbﬂﬂp]ﬁim D FEBRAE R EFAEF AT 2 T
THEMHLZ. £z, 70 KT Dk g &5 B2k Lo
TERHPTRNS Holm DREEMIEGZ FAVT, ?ﬁﬁ%ﬂ” &
EIFLA B EN TV WEEUE LT A O RIS
BARPIREFH R L. 56N/ 5% Fig. 4 IRT. TEEHj
U725 P RITIE B L LB I LTV DR, RFEH A
ML= 5A8 OBAIRPUROF R —H L TRB6T, =

777

DT RER OB THLREMED DD, 41, BUBEHET
DIFRERDME DR E L DBEBSIRPLELZFHEL, LV
MZRFAL 21T T E CThD. Fiz, HEARTIORIGIKFMEIC
DONWTHMERT —2ZEREAEL, F?‘E@ ﬁ%‘fﬁ&bé

Top Die | [Jint Pressute Sensars
GdBCO Tape f
[Voll.age Tap GdBCO Tape

Coppaf Face

Magnem: Field
Haslelloy Face | Current Lead I 10 Bottom Die

Oml SI.IHQOB

Fig. 1 Test section.

-
N

O Dry Joint
[|® InJoint

-
o

@

°

6F ° B

° o

4 e © o B
oo ©

Joint Resistivity [pQm? ]

2

0 10 20 30 40 50 60 70 80
Temperature [K]
Fig. 2 Joint resistivity depending on temperature.

Fig. 3 Numerical models.

-
o
1

O Dry Joint T

® |nJoint o
8l.—— Dry Joint (Theory)| / |
''''' In Joint (Theory) "

Contact Resistivity [ pQm? |

00 10 2b 3‘0 4‘0 5b éO 7‘0 80
Temperature [K]
Fig. 4 Contact resistivity depending on temperature.
B
AT, HALK T2 R BT SE T I IR bk Sy i i
MRHFZ R & — GREE B 12H0204) TfThh iz, 2225
L#EART.

& 3

1. H. Hashziume, et al.: Journal of Plasma Fusion Research
SERIES, vol. 5, (2002), pp. 532-536.

2. R. Holm, “Electrical contacts — Theory and Application”,
Springer Verlag, Berlin, (1967).

3. Y. Terazaki, etal.: & 9 [EIZRlA = RAX —E A HEHS
FHEE, (2012), 28A-76P.

8710 201 34E AT T4~

RS



1A-p02

FM—SRTSATEERLE

YRaA v

& Mini-RT FH® ReBCO ## a4 L BEDEE

Fabrication of ReBCO Coil for the Plasma Experimental Device Mini—-RT

AN BE—,

) (RAER) sREWE = —,

A, N -, R B, WS BEORR) ;=5 FRT
B & CELER) aRE pliE JuR)

T, B &, BH ASFEEBAE D, SFilk

OGAWA Yuichi, MORIKAWA Junji, UCHIJIMA Kenichiro, HOSAKA Yuichiro, KAWAI Chika(Univ. of Tokyo); MITO Toshiyuki,
YANAGI Nagato, NATSUME Kyohei(NIFS), TERAZAKI Yoshiro(Sokendai); NOSE Shin-ichi, TOMIOKA Akira(Fuji Co.);
IWAKUMA Masataka(Kyushu Univ.)

E-mail: ogawa@ppl.k.u—tokyo.ac.jp

1. [ZC®HIZ

F—F AT T X< RS Mini-RT T, Bi-2223 &8
CERCE Y LAYl *B%{ZS:4’/I/%§<1/EL7 TR~ FERITAE
LC&fe, ZZ TR EE A LA 22K g CTHE - il
g DL, KABIAA YT PCS A /LNIZNES T,
KINERTE—R TOEEEEZTT > TN D, ﬁ@loﬁzfﬁa)@iﬁ
FLOBIEE AN ORHELERBATELL TEIZ i3t
A NVAEEEDOMERE R EA X5 =<, ReBCO ﬁﬁ:m'/l/@m
BUEEIT -T2,

2. Mini-RT & ReBCO #gE#ta4JL

WEB Ao A L DOWr I A Fig. LIRT, EaAredkian
AT 7 AT —HBXXNT=aA LD PCS B H — /LR CED
NWTEY, ZNE20K ONITATHAIT S, ZOEIAVE
O R150 62
ReBCO #RHf I
TR D RGE
L7z, Ao
BEpHikiIe A
~ AaA )L LR A
A THDHTED
ReBCO #AfHE A
~ ARRFF LR U IR
THHMLIERHY, =
4. 3mmiE O
ZHW=, 590, 1
mm/ED ReBCO #1120, 1mmOFARLO T, AT
Mo T =T TCHEIMRE LT, ZHETRFUERLEND
A LT, FDFER . 5524 — L Do, VBRIl T
E RO AT AIA L IFIL. SEOBEEIEINAK T,
72 3KI300mE-ZDORI & FAV=D T, =1 T ReBCO #ift
DHEHGEN TR L Ip o7, BB, ZE L H O8REZ~
HAHF LT T o7, AR A T RESE30mme LT,

KB IEE—R COMEEE T, EFH %@J%ﬁéhé@f
T FREIZIFIAVHA TR =RV —2HE L il
7o\, FAREAL UM R &2 1 OmFR BE (2 7 U IR R B
EHEHEIMZONDD T, b FOaA VBN RANST VIE
AL, ANV BRI TORREEZ H KA1 BT D50K
ZliiLlz, #£1ICE A RAaA)LE ReBCO AL EDFTE T
A—BERT, AVEEEPEZ DT, EMREHE100A
FREFTTITH, a/ VBN ITE A~Aa AL L0H R
FTHNTE, —J7, PCS 1T RDOE A~ AHSS PCS & LL#
LT, U TFolHediEzaX -7,

A I

Bt

|TD3§A# /

74

A
5

Fig. 1 Cross Section of Mini-RT Coil

I T RO TRV F —H WL T DD EE R e/ MR D
YA RIZE T/ LT,

+0. 1mm® SUS 7 —7% ReBCO miA /L L4452 41
D, IANEBIRITOT D) I TEL IO LT,

HHSA T E PCS aA /WD ETFIZRREL, O E
TOmHEEAIREIZLT

787

Table 1 Specification of Mini-RT Coils (BSCCO and ReBCO)

Mini-RT/Bi Mini-RT/RE
FFE 150mm 149.3mm
INFAE 16.2mm 16.0mm
FRSRE 113K 92K
a1 ILEEH 428 552
BMES 403.4m 517m
EIRER 117A 100A
ERMEER 50kA 55.2KA
AT YAIR L 0.0876H 0.144H
ERIRILE— 598) 720!
FoALEPCS va s
LEH A G DY "\\ End Beginning
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Cool-down and excitation tests of the ReBCO coil for the torus plasma experimental device
Mini-RT
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1. Summary for JST

A magnetically-levitated superconducting coil using
ReBCO tape conductors has been developed for upgrading the
Mini-RT device at the Univ. of Tokyo. The performance of the
new coil was examined at NIFS using a GM cryocooler prior
to the installation of the coil in the Mini-RT vacuum vessel.
The coil was cooled by circulating helium gas in pipes attached
on the coil frame. The coil current has achieved the rated value
of 100 A at temperature 36-41 K and the persistent current
mode was successfully obtained.

2. Introduction

The floating coil of the Mini-RT device was the first
application of HTS for fusion research, followed by the larger
device RT-1. Both coils were wound with BSCCO tapes. For
further advances of the RT project, the upgrading plan of
Mini-RT was initiated to replace the floating coil by a new one
wound with the latest REBCO tapes. In this presentation, the
performance test results of the manufactured REBCO coil are
reported.

3. Design of Mini-RT/RE coil

The new HTS floating coil wound with REBCO tapes has
the same diameter of 300 mm with that of the former BSCCO
coil. The nominal operation condition requires the tape current
of 100 A, which corresponds to 55 kA for the total coil current
having 552 turns of windings. A persistent current switch
(PCS) for the direct charging method is also made by the same
REBCO tape. The floating coil is indirectly cooled to 20 K by
forced flow of cold helium gas with a cooling pipe attached to
the surface of the winding bobbin [1].

4. Experimental set-up

A schematic view of the experimental set-up for the
performance test of the Mini-RT/RE coil at NIFS is shown in
Fig. 1. The coil was placed in a cryostat with a thermal shield.
Helium gas in the cooling pipes was circulated by a
compressor and cooled by the GM cryocooler. The excitation
test was carried out by gradually increasing the current up to
100 A. The coil current was evaluated by measuring the
magnetic field at the coil center using a Hall probe. Voltage
taps were attached on the tapes in various positions to measure
the coil voltage and the joint resistances at the leads.

5. Results

Fig. 2 shows the waveforms of the coil current, the
temperatures and the PCS heater power. The coil has been
successfully excited up to 100 A with a proper PCS operation.
The central field given by the Hall probe was 0.21 T, which
was the same with that expected by a numerical calculation.
The time constant of the current decay during the persistent
current mode operation was evaluated at the coil temperature
of 36 K and 41 K to be 306 and 228 hours, respectively. These
values are consistent with the estimation based on the
measured joint resistances [2] and they are much longer than
that of the previous floating coil of Mini-RT made of BSCCO
tape (41 hours before the aged deterioration[3]). By the test
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results, it has been confirmed that the promising performance
of the manufactured REBCO floating coil should be achieved
to further promote the Mini-RT project.

Cryostat

:r ___________________ Currentlead :
! I - I !
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Al LIV |
| Oy ©
I © © I
L PCS T ___Thermalshield ____ !

e Thermometer © Cooling pipe (He gas)

E PCS Heater * Hall probe

Fig. 1 Schematic view of experimental set-up
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Fig. 2 Waveforms of the current of the power supply, the
coil current (evaluated by a Hall probe), the temperature
of the main coil and PCS, and the PCS heater power.
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Table 1 Specification of Bi-2223 superconducting coil

Superconductor | Width 2.7 mm
Thickness 0.21 mm
Reinforcement (Cu alloy) 50 pumx2
Insulation thickness 12.5 pmx2

Winding pack Inner diameter 65 mm
Outer diameter 83 mm
Height 60 mm
Conductor length 109 m
Number of turns 456

Coil Inner diameter 41 mm
Outer diameter 89 mm
Height (including terminals 120 mm
and flanges)
Inductance 10.6 mH
I.at 77K, s.f. 28 A

Fig. 1 Photograph of Bi-2223 superconducting coil on
the test probe.
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Fig. 1. Example of cell division and procedure of fast multipole
method.
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Quench detection and protection of YBCO coil for SMES
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Table 1  Specifications of YBCO small model

Stored energy of toridal coil 2.4 GJ
Number of unit coils 180
Stored energy of unit coil, £ 13.4 M]J
Transport current, / 2.16 kA
I f uni il, L
. ndu(.:tance 0 ur.ut coil, 574 1
(including mutual inductance)
Dump resistance, / 0.5 Q 1.0 Q
. 1.08 2.16
Terminal Voltage, V/, iy KV
Time constant of dumping 11.5s 5.74 s
Thickness of YBCO layer, dyco 1.0 um
Thickness of Substrate layer, d,,, 100 gm
Thickness of Reinforce layer, d.; . 700 pm
Number of tapes in conductor, N 4
Maximum temperature, 7}, 250 K
Delay until protection mode, ¢, 0.5s
T A
ESS“ — --Cu(R=1.0Q) %
N -
g0 —  —Cu(R=0.5Q) P
¥ e
£ 250 //
T prg L+
é 200 H Pl = -
B L L
& BN e
£ 150 - LT
3 -
'§ 100 e I 7
2
& 50
o0
o] 20 40 60 80 100 120 140
perature at q h detection [K]

Fig. 1 Dependence of required Cu-stabilizer thickness on
temperature at quench detection
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Development of a Monitoring System of Superconducting Transformer

by Using Poynting’ s Vector Method 6 — Detection of normal transitions —
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Fig. 1 Measuring system to detect locally abnormal

condition in HTS transformer.
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Fig. 2 Results of tests on detection of a normal transition.
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