1P-p01

AEH - ZERE

{EXGEE E0AE 1L 518 PENTAM®8000 M
-196°CIZHIT5 h=EME

Physical properties of low viscose thermosetting resin, PENTAM®8000, at —196°C

i GER, (RIMTEC); /KEF 3afe, A 32, (BRIEHRWT)
TAKEUCHI Masaki, (RIMTEC); MIZUNO Katsutoshi, TANAKA Minoru, (RTRI)
E-mail: M5.Takeuchi@rimtec.co.jp

1. [ZL®IZ

FIVR S THDHD L raR AV % - Bl
5 PENTAM®, METTON® (RIMTEC ) %, B #jE L8
— FIY 7R SRR AN T RV R E i TR
KRR IE N R SNA 5 FICEAITWE, — T,
B2 1 IR E R A OFHEA S LT, WK E O (k26
B A B L= B LIS PENTAM®8000 A BA3E L7-, Z ks
NE2SGER A HITFSEAT AN 3 O EXSE A RE R &
IR EERA AW EZA, MRRFOIEEEEE) )N BRI C,
EEE R~ ORI, TEALL TR TEIL%E
WS, AR, RIRE SRR BT DR E 2D
T BTz, PENTAMS000 HAAD 5| 3R & ih 1 F 5B %
FHaL e O TREFR A ME T2,

2. #IEDIEILEE)

AL AR A B $% O PENTAM®S8000 (3% 1T 10mPas LT
LD TERKHNE THATDBIENE S ThoL LIz, MR~
DERYEITEN TV, EAIETELAIZIRA L ThBRIEN
1000mPas 725 R 1%, BHREL G2 TRIEIT 528120, =il
25°CT 5~30 o O#IPH CTHES LR TEH(Fig.1), 4 El
6mm JED AR AT PENTAM®8000 7RI L | B k23 A
TEIRTHEILZ2Aeo721% 90°C30 3iZ5&HiE 120°C30
DX T EATOBE DL A 2SS, 6mm EWREST,
L THIROILH TR U BARIZ OV TH A= — &
DLAT 6mm EREHT-,

PENTAM®8000
1200

1000

8

Viscosity (mPa s)
(=]
o
o

Sl N

y

Epoxy resin
O T T 1

0 50 100 150
Time (min)

S
o

8

Fig.1 Viscosity increasing of resins cured at 25°C
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Fig.2 Tensile test at —196°C according to JIS K7161-2
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1. Introduction

It is known that progress in the development of high—
temperature superconducting (HTS) power transmission lines
is hampered by the complexity of cooling of HTS cable since
liquid nitrogen is pumped through the very long and narrow
cryogenic channels. In this report, we consider the possibility
of increasing the pumping length of liquefied gases by reducing
the hydraulic resistance of the cryogenic channels.

2. Conventional drag reduction methods

Drag reduction problem for the long cryogenic pipeline
combined with HTS cable is acute due to the high cost of
cryogenic equipment. Frictional pressure drop, or drag, is a
result of the resistance predominantly encountered by flowing
fluid coming into contact with the walls. There are generally
two types of flow: laminar and turbulent. The friction pressures
observed in laminar flow cannot be changed unless the physical
properties of the fluid are changed. The modern drag reduction
methods (DRM) are effective only in turbulent flow. DRM can
be roughly divided into two groups: modification of the pipeline
surface properties and change of the properties of a liquid.

The inner surface of the pipe can be modified by applying
micro/nanorelief like of a lotus leaf to give it ultrahydrophobic
properties. Experiments show that such pipes exhibit reduced
hydraulic resistance. The surface can be modified not only by
photolithography. A method of producing densely packed
ordered molecular layers of surfactants was suggested. The
formation of molecular layers occurred due to the adsorption
of a surfactant on the metal surface from aqueous solutions.

Cetaceans seem to possess unusually low overall drag
coefficients. This effect is at least some part due to specific
design of their skin. Nowadays it is clear that compliant
coatings can be designed to behave in a similar fashion to the
skin of a dolphin. The development of the compliant coating is
theoretically complicated, although the optimized coating can
offer the drag reduction up to 50%. The skin of fast—swimming

sharks exhibits riblet structures aligned in the direction of flow.

The riblets are known to reduce skin friction drag in the
turbulent—flow regime. Nowadays similar structures have been
fabricated for study and application that replicate and improve
upon the natural shape of the shark—skin riblets. Experiments
are providing a maximum drag reduction of some 10%.

Drag-reducing agents (DRA) are additives that reduce
turbulence in a pipe; they are usually used in petroleum
pipelines. DRA can be broadly classified under the following
three categories: polymers and biological additives, solid—
particle suspensions, and surfactants.

Solutions with fibers of aspect ratio (I/d) of 25-35 showed
drag reduction with high concentration of fibers. With
increasing aspect ratio and decreasing fiber diameter, the
effectiveness of fibers increases. Systems of fibers mixed with
polymers achieved up to 95% drag reduction. Fibers are

chemically and mechanically stable in an aqueous environment.
Since they are insensitive to water chemistry, piping materials,
and temperature, they can be effective over a wide
temperature range. However, use of fibers is limited by the
drawback that they can cause plugging and abrasive problems
in pipelines due to the high concentration (as high as a few
percent) required for drag reduction.

3. Features of drag reduction for long cryogenic pipelines

As we are concerned about pipeline surface properties the
basic methods of drag reduction for cryogenic fluids are just
the same as for other fluids. In the context of the energy
transmission systems, it must be taken into account that HTS
cable should be pulled into the cryostat before use. Moreover,
it can move due to thermal expansion and contraction. There
is the possibility of mutual damage of the pipe inner surface
and cable sheath. Probably, the modification of the surface can
be applied only to return pipes where the cable is not installed.

Cryogenic temperatures exclude the use of polymer and
biological DRA as they freeze. The fibers also lose elasticity.

Drag reduction in slush nitrogen was discovered not so long
ago. Pressure drop reduction became apparent at flow velocity
of 2.5 m/s and over, with the maximum amount of reduction
being 12% in comparison with liquid nitrogen.

4. Conclusion

Various drag reduction methods, which can be applied in
cryogenic pipelines of HTS power transmission systems, are
considered. It is noted that methods based on modification of
pipe surface can have limited application due to the possibility
of mechanical damage of surface during field assembly and
system operation. Modification of the physical properties of
cryogenic liquids is also difficult since low temperature cause
freezing of polymers and biological additives, which are usually
used for this purpose. By contrast, it is promising to inject icy
needles with aspect ratio (1/d) of 25-35 in cryogenic fluid in
order to obtain the satisfactory result.
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1. Abstract

A study of cryogenic heat pipe is ongoing for
potential applications in cryogenic engineering. The
heat pipes tested were commercially available room
temperature heat pipes, but working fluid was
replaced by liquid nitrogen. The size of the heat pipe
is 6 mm in the outer diameter and 200 mm long, with
a combined wick structure consisting of axial grooves
and sintered coper powder. The maximum heat
transport capability, @,.. is the primary target of this
experimental study. It was experimentally obtained as
a function of the working fluid filling ratio, #, and was
compared with the theoretical predictions based on
the axially groove wick and the sintered copper
powder wick theories, respectively.

2. Maximum heat transport capability

In order to theoretically estimate the maximum heat
transport capability as a function of the filling ratios,
the capillary limitation is usually used because it gives
the lowest value compared with other limitations,
namely, the boiling limit, the entrainment limit, the
sonic limit and the viscous limit.

The equations for calculation of the maximum heat
transport capability are respectively;

For < 90% filling ratio;

20/, -aP
Qe max = /rc - - 1
: “ (G ReJuy )\, (1)
KA, 0y A 2 rﬁ, v Ay o v A ot

For > 110% filling ratio;

20/, + AP
Qc.max = /rc : . 2
~ @
KA, 0y A 2 ra v Ay o v A eff

3. Experimental Set up

Liquid nitrogen bath locates inside a cryostat shown
in Fig.1, which provides an environment at liquid
nitrogen temperature (78 K) [1]. The heat pipe is
attached to the bottom of the cylindrical liquid
nitrogen bath using copper blocks which work as a
condenser section. A schematic of heat pipe,
dimension [2], and location of temperature sensors
were shown in Fig. 2.

Condeser
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Fig. 1 Experimental set up Fig. 2 Heat pipe
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Fig. 3 Comparison of maximum heat transport
capability by calculation and experiment

4. Experimental Result and Discussion

The @,.. was defined as the heat input above which
the evaporator temperature started to rise in a large
scale in the experiment conducted while the heat
input was stepwise increased. In Fig. 3, @,.. of the
several heat pipes tested in this study are plotted as a
function of £ together with the theoretical predictions
based on the capillary limit theory. In these two
predictions the wick is assumed to be axial grooves
with the groove width of 0.146 mm or to be sintered
copper powders with the average powder size of 0.05
mm, respectively. Furthermore, the gravity effect is
considered in the case of £ larger than 110%, which
results in larger @,... In the excess liquid fill mode, the
gravitational force enhances the liquid return
capability to the evaporator section due to an excess
liquid puddle formed in the condenser section. The
experimental results are found to be equal to or
smaller than the grooved wick theory prediction for 7
smaller than 90 %. This may result from imperfect
wetting in the sintered metal wick portion of the
composite wick because of smaller /£ than 85 %, where
sufficient capillary force does not function and thus
the capillary force is primarily generated in the
grooves. It is fair to conclude that a kind of transition
can be seen in the experimental results to the gravity
assisted mode of the axially grooved heat pipe branch
in the cases of £ larger than 100 %. The result of the
Heat Pipe 1 seems even to indicate the transition from
the axially grooved heat pipe branch to the sintered
metal wick branch for # larger than 100 %. The data
scattering may also result from the manufacturing
variability of the wick
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Fig. 1 XRD patterns of as-milled and sintered milled MgB2
powders. The milling condition was 350 rpm for 100 h. The
sintering temperatures were 600, 700, 750 and 800 °C. XRD
peaks assigned to MgB: are indexed and those to WC, MgB4
and MgO are denoted by circles, thombuses and triangles,
respectively.

110

relative intensity (a. u.)

Table 1  Full width at half maximum (FWHM) values of 101
peak p, crystallite size L and lattice strain 77 for MgB:> in the as-
milled and sintered milled powders for Fig. 1.

B(deg) L (nm) 7 (%)
As-milled 1.88 5.53(18) 0.83(9)
600°C 1.49 7.97(14) 0.98(6)
700°C 1.27 9.49(19) 0.98(4)
750°C 1.10 10.8(7) 0.69(6)
800°C 0.70 14.8(11) 0.40(6)
T T T T
2100 L © i
M
S1510° L i
3"
B
E
=
~" 1100 b i
©—765C \\
r <&
510" | | | Y
9 10 11 12
field (T)

Fig. 2 J-B properties at 4.2 K for the tapes using MgB:2
powders milled at 350 rpm for 100 h. Those tapes were sintered
at 705, 735 and 765°C. The measurements were performed in a
magnetic field applied parallel to the tape surface.
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Fig. 1 Cross sections of each MgB, Rutherford trial cables
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Fig. 2 Critical current of each trial cables
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Fig. 1 The thin superconducting wire with different
angle in vacuum: (b)8 = 0°, (c)8 = 45°, (d) 8 = 90°.
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Fig. 4. Measured self-field distributions.
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JEOEIN BRI ABIREa— MM & AE L, IEOZEN

SERE TR AT 5192 B LB T2 HEASPE 12 2 0 15 Al e
25005508 LT,

transverse longltudmal

(BL)) (Bl

Flg 1 Transverse magnetic ﬁed state and longitudinal
magnetic field state

2. EEAE
A [E ORI EIZIE HASTELLOY KR IZ IBAD % FHVWTH
M/ (MgO) 28I | PLD 5% AW CBfmiE g 2 R 7=
Gd Fa— N & O, BB SRS OJES % Table
WY, ZOFBME B I 7141289, 65.0 K, 70.0 K,
77.3 K OIRESMEOLE BARBE 0 - 0.5 T £THIMLT
Jo- BREFEZBRIE LT,

Table 1 Superconducting layer thickness in each sample

Sample Thickness [pum]
A 0.6
B 0.9
C 1.2
D 1.5

. BRBLUER

HIE LT J.- BEEDH B 65.0 K Ot R% Fig. 2 1277,
A DI DNV O TR DE S SR E SR+ Th o727
HIFLEZ NS, B, C, D IZOWTHERERORE BE AL,
ENBRTIINTEEL TND, MR LA LA 2 5
\Z2T D 2 B, C IZHATREAL TS, ZRNEEDIC
IR A7 BL R MO EAIC L AL O EE 2 BB,

Fig. 312 0.5 T FIIRFOIEE &) DO RAtRE R T, MR T
1% C & D DJATERILIRNDS, HERER Tl 70.0 K, 65.0
K HRIRIZZ2DI1FE D OJ 3 L TNDZENR DD, ZD XL
INTHEBE RN RN L - TESICEDE B ENTZ, 2SR

DA TEE L7 AR ORERE R T CORGEAIEIE 0.9 -
1.2 [um]bihiZe Bz bhs,
40

N J.[GA/m’]

O_

10

. B[] .
Fig. 2 J.- B characteristics of each sample in longitudinal and
transverse magnetic fields at 65.0 K

30 T T T T
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E
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3
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A B ¢[um] C D

Fig. 3 J.-t characteristics in longitudinal and transverse
magnetic fields at 0.5 T

SE K
1. T. Matsushita: J. Cryo. Super. Soc. Jpn., Vol. 46 No. 10
(2011) p.558 - 568
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REBCO coated conductor D F & O'ERKEO T AEINNIC K B
BIcES M OERKS T RIE
Measurement of superconducting properties for REBCO coated conductors
under bending or hydrostatic strain at low temperature and field

A etk MEF ORUR, ®im e, feRk B OKE s GRIER); =l IEE (RBER); —F #isg (RiliER);

M Br— (BEIEKR)
OGURO Hidetoshi, HATANO Kazuhiro, TAKEWA Hiroyuki, SATO Kazuki, OHTA Toshiki (Tokai Univ.);
MIURA Masashi (Seikei Univ.); ICHINO Yusuke (Nagoya Univ.); KAMIHARA Yoichi (Keio Univ.)
E-mail: h-oguro@tsc.u-tokai.ac.jp

1. EU&IC

REBCO coated conductor (%% O 5\ B8R & B
Fitkn o, HMEE< 7 %y MI~OEH UGS 25
MThd, 2OLE MELTREL DERZIETE
e HEEDaV T MUk D, RSB ERS
KIEBRORBInE < 7 2y FRREBE 7 —7 )ik
STKRERA)Y b Eed, 2D, LA ITNV—T
T REBCO MM E D FEBENSE 2 T\  RFICA T E Y =
J DA K DS J A RE L ELTWw B[],

ZIT. X5l Ll EIEBRLOD—DODNEL L
T, OFARIEISHEH L 72, REBCO coated conductor D 5|
B OTARTTO J AR T 2 2 EBH6 0
TEY, BREwESThte—2 2> tvasnTn
%[2], ThaEMHT % L, ST REBCO MM 2 FIH L &
9 LT RGHHICE T, InETHU RIS Jo2mES
W5 ENTELREMNEDH 5, 2 2T, BERIRIC O
AEHMTES &, OTAEEZFH L RS ERTE
%, INEFEHRT 2L LT, ALEYAIREBCO IO
FTHRELEZLZEDROIPH>TVRE7O[B]. ALEY 2]
JHLTOFA%Z AL L, REBCO DBEER %M 3¢
LIEMBTELLEEIOND,

AF7ETId, LiloniBfEE LT, EDX I ROTH
MBI M EICEHFLST 002 N5, KOO AH]
2, B X OMERZ T L 72, MEROFME . WE
TE DAL Tl T %,

2. EBEAE

PRk L2cEiE . iy O3 AAMAY 7, RS
B, SEX LV EHOGERKEOTAREMEETDH 2,

PO AANY 71, L Ti-6Al-4V &GO T
ERIL 72, s, BMAEE & BUIRERZ 5 L T ik
THD, BMREREZEZ B L, Culd 77K I2BWT 544
WmKTHO, TiA4iE35WmnK TH 570D, BRI
DHRTEZDE CuHHTHS, LHrL, N"ATHEAD
BUMEHERIZ 77K 12BNV T 0204%TH D, Cu & Ti &%13
ZNEN, 0302%& 0.163%TH Y. Cu ¥ 7 DEAHITIE,
MDY 7o uT L) RS H 5, 2 DEE
OTARTF =T EBEMII > TENETNDOT A%
A2z e, WELE,

o, PZEHOTHITFOTATIZEIT S coated
conductor DEFFURIEDHE, KO, W5+ 0.4 T LUT)IC
B 2 AT OWITE 72 E4T 9 72 0 DEE O HE i & 1T
o7, Fig. 1 ICHEEOGEEEZRT, BAICED 04 TH
EXREZIENTE, SSRBMAZMEET 2 Z & T,
360° W D% B Z CTHIEZRIT) 2 ENTE S,

EKE O AAMNCE L Cid, S8 A 12 2T IR
IR L CREAF DO ODTADAEANMT 5 Z ik 5
ZEBbroTwE, HROEFEXILVEHWWT coated
conductor D EJTHEAFE % FHli$ % Z & T, REBCO @ c fif
T~ D A ERHIE T % AN U 72 4R 58 o0 A SRV A 2
o7z,

/ i
Fig. 1 A measurement system for superconducting wires at
low temperature and various angle of magnetic fields.

0.1 0 ——1—r——7Tr———1T 1
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0.20F
0.15

0.10F~" """"-'-‘-'-'-==:.-.-,._._____“__ . i
0.05F ---- Tialloy jig e e, ]

0.00F — Coated conductor 2
-0.10f _

-0.15

---- Cu Jig i

Strain (%)

100 150 200 250 300
Temperature (K)

Fig. 2 The thermal expansion behaviors for coated conductors
with Cu or Ti alloy jig.

3. ERER

REBCO coated conductor ZHiiTY 7ty b L, Wi
DEOT AEME L 7245 % Fig. 2 127, Sk % A
WTWARWT = D | ffHEDR L TE BV, O
TAHADIRBEENELD, Cu DY T EH WD L, coated
conductor 23 7 S HENLT L o, Ti &4 TH L il
DRz, WETL 72O T AL L T D 2 &350 -
7oo REAE Y HE T 228, BMEEIZ AR TH 2208, Ti &
G SHBIEHELROTAZHMTE S Z L3 ThoT,
B2V E o 7 RERICBI L Cid, MAWRET %,
BEE

AHFZE V3R E RS Bl B 42 (17H03239) D B R IC & b -
fL7-bDTH 2,
SE Xk
1. T. Izumi et al., J. Cryo. Super. Soc. Jpn, Vol. 47 (2012) 590
2. M. Sugano et al., Supercond. Sci. Technol., Vol. 23 (2010)

085013
3. M. Miura et al., NPG Asia Materials, Vol. 9 (2017) e447
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Treatment of electromagnetic force for electromagnetic field analysis of superconductor based

on computational fluid dynamics analysis

Aot R CRR)
KII Toshiteru (Kyoto University)
E-mail: kii@iae.kyoto—u.ac.jp

1. [FC®HIZ

BAER O BRI Cla~7 AT oL R A TR EHR
EICE B L L T IR E MG AR Z VS, R
ROKIFE 3 WG T VAT D86 I E GRS E
KL R L A>T D, BRI, FHRE RSBV S 2 — B
L2aWEEIS, BN ELSL TV, AL T, 2816
BRERaBGHHE, B LIRS TR AL, Z 0%
Sk AL S E T BRI TR R SN DR BT A RN 2 xR EL
7 —/ =% DPEIE “VEAR” & B2 U CRENT 21T HBRIC, BB
A& XBL S BB I DR BLITFIEZ DWW TR EAT 5720
THEETT,

2. AR N RN D EREREN

Fe 2 13T B AR AR PR O Wi R I 43 AR FRAT A v
T2 2 FIZFEDSE WA FIEIC OV TR E[E1T
UWEHT FIE O HED TE Tz,

WREERE 7 — =3t OiiNnE R, TDOHNOMEE
[COWNWC /e E B RO R M E KT, BB
BRI B C S LL FEERETE DT L ATt D, Fiz,
BRI T R TR B2 L 7 B AR E R O W IR
BTk EED | BIREL TR D, LTchi o T, RIS
L COIPNENLT D, Bt DOEFRELENZO, LA/
VRSN EE Z BN TE D, BTN EL
RNEIR IR DT R T LY VTR TEERT Y
FIAFREL TORNNTES,

I — X% B e B IEEME IR M R D SE PR E LT
ERIT 2560 u e E, ph B, PEITT), i ki, g%
N S1&9 A& Navier-Stokes FFFERGIE

D, 5
pD—=—|7P+yl7 u+pg
t

LREERENDN, AIDE T HOMEEG R T IUXA AT
—HEAEL TR D,

Navier-Stokes FRRADHERILIZHTZD, Ay a7V —fiF
BELTHONDIEEMIKEE R RICHBEINT
MPS(Moving Particle Semi—implicit){E[2NZ LA 2R EL
Too —MRICHLT1ECIE, R R i O REFR N ELC LY
ATH, BB E OB AT RIS e D R EFF D728,
2NV FBAR AR P B M FE AT L2 L7 R IE & 72
HZENHIFTED,

3. MEERETIL

ETNVOFERALDTZ | IR O IV 7 BIRE R E % 52
NN 220 (ol L P RN T Y TN i P B e KD S = 3 R B
MEREZV TR T L5 2 | 20K TEH R RS TORLT-&E 2 5,
MPS BB W TCIL, IOk 7 E O BAE NS AR - %
B F7 I T VST MR T A RO FENT AT, W
DRIt T DR 715 T OB CIL, MR 7- L O AAE
F% van der Waals /1D L5720t BB D B A %0740 HAEH
LLUTRBLT A, Vo TR M OEMIE AEMEZZ0EE
BOH Z LI BLER TIHAR, SRR CEART R L7 fif T
FEIZBWTE, @V 7R FBOMEAL T 78 A%FHEL
R RNF =B BRI T J1 % ROBL T O I ETE
52T, mRAFX NI DT L BRI BT

KRB ITAITIT R R BB LT L) | BUERA TR
WV, ZOREEMRIRT DI, FRFHR L BRI FHR A
SBELSSE R R & U TR T~ D T IEDE 2 AL, BEET iR
CRFLTREAT(3, 412 Th CRVBEERET T AT
HHAREMERH D,

o, RO R RF =25 R T2 FIEICB N T,

WOV BRNRT VR ET HTETH I JHE R HIFH
HAERET MCHMAIAT 2 EEMRET LT, FERICE<T —
T, B NRE AT D 05 MBI < A3 P R AR R T LD 2
WAL LT T MW TE, L GEEILD 7 m~0
JELUTRBITED, 8 R KE a ODMBRKRTATA D H
CAVHIEUR LI BT D8 Ro>a Thid,

L; = uR (ln%—i) for R>»a
ERBITE, RRRIZ7—7 1%
1? 0L
Fhoop = 7@

L7z MEFERE O E ORI THE S ICRBL A TRET
BBy FHEALE 75 ZBIZHOWTIE, VUV BROMEEE
ek E2HWT,

U =YijsMylily My = kyJI1\L,

DI TRBLH CAL L VB AEDIIC DIy M7 % E D
LI EOFIETHIM EERTT VERBL, FHE RS
HLARENEIXH D,

4. F&

BREEIEE 7 — N =Xt O e AL TiE T FRIIC
RT3 5 TR B A E AR E OO IR E 5 1275
To D RSB IR REAT I AT T2 RS U CHIMEDS IR C& 5, 4
IR iEE W28 2iE, R A ER#iEZa s "I MZE
HIENTEDAY YIRS D, £DO—F T, BRI
TERE ) DNE T ETH DRI THDI=D I FIEO EMER B
NARFRTHY, §F8 RN 20 CE A RHIH DL DD
HERELLTOA Y MIZIITE RELRW, A IHE T —
NEFRAAL X 72 AR BEL TRBL T, BAOAVH
I BRI DW TR A G ICER(LTEDLO D, 5
HALH R ZNZOWTIREEN TSNS,

SE Xk

1. T. Kii, Abstracts of CSSJ Conference, Vol. 92 (2015) p.142.

2. S. Koshizuka, H. Tamako, and Y. Oka, Comput. Fluid Dyn.
J. 4 (1995) p 29-46.

3. G. Yoshikawa, K. Hirata, F. Miyasaka, and Y. Okaue, IEEE
Trans. on Magn., vol. 48 (2011) p.1370-1373.

4. Kenta Mitsufuji, Shuhei Matsuzawa, Katsuhiro Hirata,
Fumikazu Miyasaka, IEE] Journal of Industry Applications,
vol. 5 (2016) p. 355.
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500 MHz LTS/REBCO NMR (23T %:E ik B it 15 MR AT (2 K D H15 1 — FE 5T
Numerical evaluation on field homogeneity in 500 MHz LTS/REBCO NMR
by using screening current—induced field analysis

R BEAE, {0k (B, AN B, & $%E, REH TS (LR g Sk (R
MORIKAWA Eisuke, TOKUNAGA Keisuke, KOIZUMI Tomoaki, KIM SeokBeom, UEDA Hiroshi (Okayama University);
YANAGISAWA Yoshinori (RIKEN)
E-mail: pc063zqa@s.okayama—u.ac.jp

1. [ZC®HIZ

BUTE, IST ICR DTSR S ANE F R BURL 7 7y = 7 MY
RFFEBRSE 1 & UC, T iR A TR A A 2 5 B0 oD 18 5 e
NMR ESEEEMRA~OFERFELE | LI T rY =V RETTL
TW5, ZO—EELT 1.3 GHz NMR ORISR HED HILTE
0, PEROIKIRBEEELTS)~7 Fy NI EIRBEEMHTS)~
7 MBI T=, LTS/HTS NMR DS TVD,
B~ 7 2y M LT B, B ISR R 23358 S
N, RS E/ELSE D, 2O IR — o
Mz EMEE BT ERERD, R TIX, 1.3GHz
(30.5 T) LTS/HTS NMR D% #HIF 1T D BT o> e
LT, BEER[1]9> 500 MHz LTS/REBCO NMR > SEBffk 5
it g L, B U= BRG BUE AT T k2 Tl
IV DB — O BA T L= D CHE 35,

2. FERETLELUEH

it Rl 521%, BEICELES 7 500 MHz NMR 0 LTS/HTS
~ 7 %y TC, inner HTS coil & outer LTS coil @ 2 FiifE CHE
RSV TUWAD, inner HTS coil 1Z7—7& 5 mm, MFEEES
2 um @ REBCO #Af THEHREIL TS, Table 1 (Z inner HTS
coil DFETCERT, A RIOMHT Cldmb B ERE A LD
FAEEILD inner HTS coil Z %5\ 41T -7=, inner coil
I 80 mm, AhEE 117.702 mm Toh 5D, HEizE R %
LTS/HTS ~7 %y MZBELEEO F LI AR IX, inner
HTS coil T 2.33 T, outer LTS coil T 9.56 T TdD, ¥ %
MEEIT LV IARBEIREL, BIFm 124 —, $hJ7m 77 %
—LU7z, REBCO BB EMM 13 R A )7 6] CREREY Y
—RECTHLEET DU E AT, By e, ml L E
FEO R A A M 2 5 8 P RE 7 IR AT IR B SR 1A f 7
Gt Tz SR ST BRSO CHE 21T 572 2],
B O B — BRI In T 7 L & T2, Sweep
rate % 0.001 A/s &L, EIREIRIL 136 A ThHD, e T 1%
100 FREfH7R — /LR 12 DRSS S5 ATIZ BT, 20 mmDSV 12T
) — A AT > 7,

3. BRITEREER

Fig. 1 IZaA /LTI DR BB i eh O 28L& i e
TRFECRT, MERCETTR S I ZhBESE TIRFC 40 mT 185
AL TS, Fig. 2 13hETE T 12 D= A /L HUL OSSO I H
AL TH B, 100 BT 10 mT 1FE {695, Fig. 3 12k
SET WD z dill EOBEE43AR, Table 2 (SRS — A=Y,
72 {5y 206 ppm DOREILARFEREL B EL TNDT LD R
TED, FERRER LD BZITHOWTIIY HlE T2,

Eiifz3
AWFTEDO—F0IE, IST KR SAIEFHE IPMIMILITA2
DIFAZFT-bOThD,

SE X

1. Y. Yanagisawa, et al., J. Magn. Reson., Vol. 249 (2014)

2. H. Ueda, et al., IEEE Trans. Appl. Supercound., 24, 4701505
(2014)

Table 1 Model Coil Specifications
Conductor cross section

(width x thickness) (mm X mm) 3% 0.15
Insulated conductor cross section 5% 025
(width x thickness) (mm x mm) ’

Inner diameter (mm) 80
Outer diameter (mm) 117.702
Height (mm) 400
Number of layers 72
Number of turns 5544
— 04
'g ]
510 ]
|
T
330 -
£ 1\
£-40
19 ]
§ _50 ] \ /
% 1
£.60 |
] 1
5 -70
1%}
0 50 100 150
Current (A)

Fig. 1 Numerical results of the screening current-induced field at center
as a function of the coil current.

120

100 +

80

60 +

4.0 |

Drift of magnetic field,
Bz(t) - Bz(0) (mT)

20 +

0.0 +— T T T T
0.1 1 10 100 1000
Time (h)
Fig. 2 Numerical result of drift of magnetic field at center of coil.
11.6355
_11.6350
=
~ 11.6345
o
< 116340
£ 11.6335 -
(*) E
T 11 £
e 6330 E /
& 11.6325 /
11.6320
11.6315

-10 -5 0 5 10
Axial position, z (mm)
Fig. 3 Spatial magnetic field distribution along the z-axis.

Table 2 Field inhomogeneity for the REBCO/LTS coil

Harmonics Inhomogeneity (ppm)
Z1 -9.64
z2 -206
X 0.604
Y -207
zX 0.351
Y 1.72
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Reduction of irregular magnetic field due to shielding current
By overshoot method using hysteresis curve

TEdE R, PR BER, A Bel (R EH v s (kLR ;B a0 B (dER)
INAGAKI Zenta, ITO Keita, ISHIYAMA Atsushi (Waseda Univ.);
UEDA Hiroshi (Okayama Univ.); NOGUCHI So (Hokkaido Univ.)
E-mail: z—inagaki@asagi.waseda.jp

1. [ZL®HIZ

Tz 94T FrehEH M MRI 2L OBRAZ BIEL T
72[1], MRl H~7" %o b ClIHRGZE M 31T D35 O &
ERELZEMY) — ENEETHS, BIE IOV THREG 2z T
ORI ORI 2 L% 1ppm/h LLFET 5244 B
FELUCEIN, EREERMIE O RESE AGITESITAT
BEIZOWTORFHIAR 3 ThoTo, T ThblESE TS
WRETRIS % 0G 12 D15 FER2]D MRI HaALb~D
W ATREME AR L, HICZE DO FIEOR 22 M — E~D5
AL 72/ R wmE 35,

2. BREBLUBENFE

RN R BT 1 IR 94T ke 8 i MRl A /VET
VTHDH[2], Coill, 2, 3 ITEMGEREIEDLA AL,
Coild, 5 [XRMBIGEBI T2 DT 7747 2 — /L RaA )T
HY ., W ze L 400mmDSV &9°5, FhBGHRE 0.1A/s “C‘ﬁ
BRTE 253.7T17A E£THIREL 1 BRI — /L4553 X1

B1F5 normal THD, ZOMHTIZIE 3 ﬁﬁ:#f‘?ﬁ/ﬂ{g'ﬂ% 73
WRNT 7 0 7T 2% FW T B3], By — B 13 i 28
Z33\F 2 R A A0 B AU BR D AR BT LV FHT 9,

3. ERTULRERAW=A—/IN—La—bEDRE
MBS IR T 2D B oA — "~ a— &
R DD A AR L TR ZER DO BT
Wi DAV B E LUT=, 20 =AW R EE B X O
FEEAN 0.1A/s THY, 3 BYDOE—Z{H 280A, 310A, 320A &
L7e, BHREFERAK 2 1R, ZORERNG 310A £THET
DA — = 2= MNEERATH L@ E R O L O MR R R
M O[GHUTUL S EMFAEENT=, 2T 310A & LoD
R ONWTA — NN = a—MNEEE A LR A2 T 72,

4. F—IN—a—NEBITIRBRLERE

BT DV TR 22 [ L MR BRGSO b &
l3 \RT, 310A ECTHIELT-35E O B Riisi5 2 0[G]

(T O EN R T T, FT- 2= — f“@rf*%'%%:l 41z
TNT . DI EMNGIE YR G R T O HIEN LR E TS &
OGNS B2 T, ZER—Ebm Eswdbnbsl e
Mmooty EAT UV AERI A LA — "= a— R EEM
WAL T IEA A DA LT L 2SR — B 10ppm., R
LZEE 1ppm/h 2R CTEXDAREMERHD,

2(m) Coil1, Coil2, Coil3 : Main coil
1.5 Coild, CoilS : Active shield coil

| Coils
L0t Coil3
05 | <] coil2

400mmDSV
con || con
3 L \ L L
0 0.5 1.0 1.5 rm)

Fig. 1 Schematic of System
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Fig. 2 Hysteresis of screening current field
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Fig.3 Time variation of screening current field at center
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Fig.4 2" and 4" order field inhomogeneity
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1. T. Tosaka, et al.: Abstracts of CSJ Conference, Vol. 92
(2015) 3B-a01

2. K. Nakazono, et al.: IEEE Trans. Appl. Supercond. 27 4
(2017)

3. Y. Ozone, et al.: Abstracts of CSJ Conference, Vol. 89
(2016) 1A-a04

4. H. Ueda, et al.: IEEE Trans. Appl. Supercond., Vol. 26,
no.4, 4701205, June 2016.
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Multi-Stacked #E#$% REBCO /\> 4 —X a4 )L AT LD EHHIFFE D ST

Evaluation of electromagnetic behavior in multi—stacked no—insulation
REBCO pancake coil system

BF &, Wil e, fiA X, &R B, Al SRR E K,
B BRObmE RS A, RE SER(PEHEND);
ONOSHITA Haruka, ICHIKAWA Tetsuri, KAKIMOTO Yuta, KINPARA Tetsuro, ISHIYAMA Atsushi (Waseda Univ.);
NOGUCHI So (Hokkaido Univ.); WATANABE Tomonori, NAGAYA Shigeo (Chubu Electric Power Co., Inc)
E-mail: atsushi@waseda. jp

1. ~HIz

?g?’ﬁlé:;:vfﬂ/ (LLFINI A0 )) Clik, B HE EEIRR Table.1 Specifications of NI REBCO Pancake coil
B RS —> L, 7 X O o 1;:;1“55;33 ) Jaues
TEHILENVRIESIN TS, ZIUCED, FER DR AL T Conductor Copper stabilizer thickness(um) 20
XA K OBRICH LB e B 2 E A i Tape Ic @77K, self-field (A) >80
NETEDBEM I REL THIRES LTS, LasL, filifg NI =21 NI i.d; 0.d (mm) 60,70
VT, HDAANVNTHEEBEEEBIREAETHLEEETN Coil Height (mm) 10.0
—ETHRAERGNELL, hOa VB ENFESE Turn per pancake 0

TR RO IR B S Tl A L L1 Coil Ie @TTK, seltfield (A) 60

BB EMAEE 25252 6ND, ZDThaA/LNDIE
BIENEWHLNCT AULENS D, A ENTEAERT 21TV,
FEAE R L L, NI A VR OB ZEENZ OV TR
HETST-DOTHET S,

2. R AE

FRAT TN N TN R —Faf VD Tt
Table.1 {Z"d, ZOaAf P2 fESh-bD%E 1 [HOK
TNl —F(DP)aA /L EL TS, f#FTIE Fig.l (&R T &
97 Partial Element Equivalent Circuit (PEEC) &7 /LIZL5D
I TATHENTE FEM (IZLADEENT 2 L 7o b D& V- 00580 v
(1], A ENE AT sE2] CHWBEaA v 2 BELL , 5 00575 \/"—_
Te—&—#ALT=@E L [EL DP AL LB h 254 — 00570 | I ~
VHOEFTRATNE BERE LR ESE. ZORLEN
Rl L7z, A VR BT L ELE AT A 0.0560
HEOGRAFELL TR ANO EFRELLIZE L, 24 0.0555
FHRIT LN2 BEIEL TfTo 72, 00550

0.0565

Pl M

0 5 10 15 20 25 30
5504 [s)

Fig.2 Magnetic field traces during a normal conducting trace

3. BUEMBTRER
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Fig. 1. Schematic Illustration of the High-Frequency Mag-
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Fig.1 Schematic view of sample (VT: voltage tap, TS:
temperature sensor).

50 % of I, 100 A Currentat 100 pV/m: I,

T T 7 | T T 7T
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Fig.2 Example of E-/ curve including the voltage caused by
sheath.
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Current (A)

Fig.3 E-I curves of each voltage taps: (a) including the voltage
caused by sheath; (b) excluding the voltage caused by
sheath (MA: window of moving average).

Table 1: Making comparison between Fig. 3 (a) and Fig. 3 (b)

TR TEA N LHTL

Fig. 3 (a) Fig. 3 (b)
Section of Current ]:‘.11:1%“;: Current
voltage taps  at 100 uVm 100 A at 100 uV/m
VT1 -VT2 90.3 A 84 uV/m 109.9 A
VT2 - VT3 111.7 A 2.4 uV/m (111.7 A)*
VT3 -VT4 109.1 A -3.1 uV/m (109.1 A)*
VT4 - VTS5 108.5 A -3.6 uWV/m (108.5 A)*
VT5-VT6 1114 A —-0.93 uV/m (111.4 A)*
VT6 - VT7 111.3 A —1.6 uV/m (111.3 A)*
VT7-VT8 94.0 A 75 uV/m 108.3 A
VTI1 - VTS 108.2 A 28.4 uV/m 109.8 A

* Because electric field at 100 A is less than 10 pV/m, the
voltage caused by sheath is negligible, and currents are same
as currents of Fig. 3 (a).
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AC loss measurement in stacks of HTS coil assemblies coupled with an iron core
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1. Introduction

Utilizing high temperature superconducting (HTS) in rapid
cycling synchrotrons (RCSs) has great potential for further
reduction of construction and running costs of the magnets.
However, heat due to a phenomenon known as AC loss is a
critical obstacle for the application. Since RCS magnets are
coupled with an iron core, prediction and reduction of AC loss
of the HTS magnet coupled with iron core are important, but no
experimental study of AC loss in HTS coil windings coupled
with iron core is reported. In this work, the AC loss of the
stacked HTS double pancake coils (DPCs) coupled with an iron
core are measured, and evaluated by comparing with the AC loss
of the same DPCs without the iron core.

2. Measurement system and measurement method

The setup of the measurement sample is shown in Fig.1. In
order to measure the AC loss, two lock-in amplifiers (Stanford
830) is used. One for measuring the current amplitude and phase,
and other for registering the in-phase voltage from the coil
voltage taps. The lock-in amplifier internal oscillator was used
as the input signal for a CROWN K2 audio amplifier. The coils
were energized through a toroidal transformer immersed in a
LNz dewar. A two-stage current transformer was used as a phase
reference of the coil current [1].

8 DPCs, an iron core, and a copper coil are prepared for the
measurements. Each DPCs are wound with coated conductors
made by Shanghai Superconductor Co. with an average self-
field critical current (I, defined electric field Eo = 1x10~* V/m)
of 193 A, and has total turn number of 10. The net wire length
(ignored the extra winding at the coil end) of each DPC is
considered 1.12 m. The iron core is assembled with 0.5 mm
thick silicon steel sheets, and coupled with DPCs as shown in
Fig.1. It has the round-like cross-section with 25 mm diameter,
and outer size of iron core is 115 mm x 233 mm. The copper
coil is prepared for the evaluation of AC loss induced by iron
core [2]. It was wound with copper tape (5 mm x 0.4 mm)
insulated by kapton tapes and the turn number is 47.

3. Measurement results

To begin with, the performance of the coated conductor used
in DPC is examined by the measurements. The measurements
on single wire (140 mm long, voltage tap of 60 mm) showed the
I value of 195 A, and the AC loss agrees with the Norris
equation [3] as shown in Fig. 2 (/. value is measured by the
different measurement system with the AC loss measurements).
Also, the total AC loss of the copper coil coupled with the iron
core is measured. By subtracting the Joule loss of the copper
(using the measured copper resistance in LNz, 13.6 mQ), the AC
loss induced by the iron core is obtained as shown in Fig.3. And
we assumed the AC loss induced by the iron core is constant as
long as ampere-turn of the coupled coil is the same.

In the poster, the AC loss measurements on different kinds of
the sample setup will be compared, in order to examine how
those factors affects the AC loss of the stacked DPCs. As the
variable factor, the existence of iron core, number of DPCs, and
the gap between iron core is considered.
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Fig. 1 (a) Distribution of transport and screening currents and
(b) profile of magnetic fields in two-ply HTS conductor.
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~ |Connection line

Fig.1 Connection image of cryostat and transfer line, valve box

Fig.4 installation of transfer line
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Design of valve unit for JT-60SA divertor cryopump
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Fig. 1 Cryopump valve unit installed on the tokamak cryostat
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Fig. 2 Comparison of the cryopump valve unit configuration
between at the operation and maintenance.
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Refrigerant flow changes through poloidal field coils during JT-60SA pulse operation
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1. Y. Koide, et al, 2015, Nucl. Fusion, 55. 086001.
2. K. Kamiya et al, 2017 J. Phys.: Conf. Ser. 897 012015

Fig.1 Poloidal Field coils of JT-60SA tokamak
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Numerical simulation on electromagnetic force and stress in HTS coil system
for next generation skeleton cyclotron for medical applications
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(a) Overview (b) Sector Coil

Fig.1 Schematic drawing of HTS coil system
for K80 Skeleton Cyclotron

Magnelic Field (1)
23520000 398 857 P aen0

— e

(a) Magnetic field distribution (b) Magnetic force distribution
Fig.2 Straight sector coil for accelerating D" to 40 MeV

Magnetic Force density (N/m3)
AODderts  7Sevs  lSes  23e%9  $m0ges0n

Table 1 Magnetic force of the radial and height direction
in Straight sector coil for accelerating D* to 40 MeV

Part of Sector coil Fr (MN) Fz (MN)
Arc #1 0.173 -0.0251
Arc #2 0.101 -0.00571
Arc #3 0.315 -0.0271
Arc #4 0.101 -0.00571
Brick #1 0.394 -0.00908
Brick #2 0.394 -0.00908
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Performance confirmation of the J-PARC MUSE superconducting solenoid magnet
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AMBED ERIZHOWTHAE L, EHRER TOERIZE
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Table.1 Specification of the superconducting
solenoid magnets

Wire NbTi

Cu/SC ratio 4.4

Wire diameter 0.865*0.01 mm

Total turns 3404

Outer diameter 706.2 mm

Winding length 1512.3£0.2 mm

Inductance 3.37TH
Operating current 179 A
Magnetic field 0.5T
20 200.0
18 180.0
~ 16 160.0
X
o 1 140.0 ~
g 12 1200 §
2 =
w® 10 \ -8-coil temperature | | 100.0 S
2 8 \ - 800 ©
—— 3 p—
g‘ 6 coil current 600 B
8 4 ‘\\ 100 ©
g 2 20.0
© 9 S 0.0
-5 0 5 10 15
Time (s)

Fig.1 Example of coil current and the coil temperature change
with time in current interruption
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Fig.2 Coil temperature rise vs sweep rate
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