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Table 1. The generations of HTS coils.
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Current perspective New perspective

Table 2. The origins of degradation of REBCO coils and
countermeasures.

Origins of degradation

Thermal stress

Electromagnetic force

Problems
> Delamination at j oints
> Buckling

> Conductor movement
Remedies
> External joint
> Winding tension
> Binder

* Dry winding
*+ Paraffin wax
impregnation

O

Problems
-Delamination

> Po lyimide coating
> Teflonco-winding
> Thermal shrink tube

* Epaxy
impregnation

Tmpregnation methods
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Towards HTS coil technology with combination of high hoop stress tolerance and small screening
current induced field (1)
~ Screening current induced in a scribed REBCO conductor coil~
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Fig.1 Hysteresis of the screening current—induced central
magnetic field in the mono filamentary REBCO coil (a) and
multi filamentary REBCO coil (b)
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after charging to 40 A at the rate of 3.3 A/s
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Towards HTS coil technology with combination of high hoop stress tolerance and small screening

current induced field (2)
~ Mono / multi—filament mode transition for a high—strength Bi-2223 conductor coil ~
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Degradation caused by an electromagnetic force—induced stress concentration (1)

~Buckling of a conductor due to inhomogeneity of the winding~
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200 A, the gradient increased and at 321 A, the voltage abruptly
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Fig.2 (a) Buckling of the conductor of the outermost 8th layer.
(b) 12th turn conductor of the 8th layer. (c¢) Surface of the
REBCO layer of the buckling part.
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Degradation caused by an electromagnetic force—induced stress concentration (2)
~ Stress concentration on a soldered joint and edgewise bend at the outermost layer~
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HTS =4/ LTS 2A/VERIEIRIZ IR D MR )
TChbRELT=,

F9°. HTS (REBCO+Bi-2223 [EL¥]) =A /L% BA{RJIREL . 45
{72 13 TEIAE LT, FDh, 17.2 TR CRIBILIZ23,
150 A DI T REBCO A /W HAREREIEDR AN LS
7= (Fig. 101, D%, 210 A, 25.0 T ETHMELIZEZAT
A b=, ZDEED REBCO aA/MIBITARKT —
JJ71E 205 MPa T2, IHBERFICI IR (2 L ~FBRTE S
TBIENFEAL THY (Fig 1@H)) | BEAICLVIEAMN %L
WAEUTZZERHLINTHS,

3. BHAICEDIENERMNBIEEITHFESIE
31 RABIZEITRIYCIAXHIFIZEDS 1k

EREERER TS . REBCO oA LD —HH L TR
7oL A B HMNE DRI DA il T i O BRI VEE
%®F§'EI//U4X H I B L O OB FTH AT R AU T,
ZOWAIEEDER ST L AME T LTV, Sk LTS
ARV TEM OBNX T = FISDRMN5H, HTS =1
TR G T T Ul ized | M DA TEL TRASIEIC
FTESTLEIDTHS,
32 B TORAERIZLDRIBE

A NVEERERELUTEBKI LT, Fig.2 ([CEmErig oas
NNEEOHH TV Vaf L MlE R, ARRET VRO
FNFHIC TRy 7 7—@ & REBCO @ CTRIBEN Rohn=, 77
K C, ZOE 55O V-1 FEE2HIE T 5&, REBCO A /LK
OFESTZIE—BK LT, T72bbInd @Rz sirs
LD ERTHD, ZiE, ARKE)—ToHD7—7ISJIm, 7
Vo POV (Fig.2 2 0R) 123V CTEERH (cleavage) E—F
DI DEFONTEAEL THRHBEAZ R L, Zhnd gl ZH AL
(peeling) B—R TR L 72D TH D, REBCO A /L34 HlIRF
WCZOMEDIETE T E—RICE>THILTHIENIRLENBN
TWBN2], Alal, B> THRIFEO S RE D&
IO THLNE ST,
4. F&H

REBCO ZiA/VIZEYS 720 Tk, BRI > Th 1k
THIENRHLNEIR ST, AEILG) REBCO 44 D S8

WX DREEO LT Xl (i) BT —7 ThHI LRI
THRHERLTE W TEHY ., NSRBI LN AR
RITFETHD, AFICOWTULFERITTHEREIT,

AHIRELE OR) B A R BLEEAR (JST) ORI ZE i S i B =
TS A )= a BIHHEE 7 0 7T W (S /)DL
Bzl Thing-,

SE K

[1] Edward M. Petrie, Handbook of Adhesive and Sealants
Second Edition, McGraw—Hill companies, pl115

[2] Takematsui et. al., Physica C, 470, 674-677, 2010

Table 1 Parameters for the REBCO coil, the Bi—2223 coil
and the LTS coils for a 28.2 T operation

Parameters REBCO Bi-2223 LTS
Coil i.d. / o.d. (mm) 40 / 71.7 81 /124 135 / 517
Coil height (mm) 210 384 710
Number of turns 3700 4640 -
Number of layers 74 58 -
Operating current (A) 304.9 304.9 241.1
Central field (T) 6.52 4.47 17.2
Maximum 5/R (MPa) 318 241 -
< 172 T 25.0 T 28.2 T

E D . _.1300 _

W 6F o.- 1uV/icm /'/-/ a
NS L o

" ° vRE gharﬁe) ) | /_/// = =

[} ° re (discharge L B o
> 4-- ~BR - ) 200 8—\%
% o / _8 L
2 2 / o
BT 2+ A e g %

8 s 210 A 1100 2
O _/'/' X

8 /./J T e o_o0o ® ‘ o g

L . N 1 N 1 N 8

X o0 100 150 A200 30

Coil current for the HTS coils, ly1s (A)

Fig.1 Voltage - current characteristics and maximum hoop
stress for the REBCO coil

Delamination
(Start of the 30th layer )

Delamination
Delamination (End of the 29th layer )

(bridging conductor)

Fig.2 (a) A photograph for a brldge joint in the REBCO
coil. (b) The composite of the copper /silver /REBCO
layer for the bridging conductor.
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Development of beyond 1 GHz NMR system (1)

TEAK A, o TR, ROR A, B S EH E, HR R, R B, o BESR, TEE o (R HERE)
AT Z0, MR &40, @G FEA, iR 0, En BEpih (PRATE - BIRFSERT)
B R, RAREZE, KA, PEIL#/ (JEOL RESONANCE Inc.) ;
SR N, ERE —2h (P T
SHIMIZU Tadashi, HASHI Kenjiro, OHKI Shinobu, GOTO Atsushi, SAKAI Shuji, DEGUCHI Kenzo, MATSUMOTO Shinji,
NOGUCHI Takashi, NISHIJIMA Gen (NIMS); MAEDA Hideaki, YANAGISAWA Yoshinori, TAKAHASHI Masato,
YAMAZAKI Toshio, NISHIYAMA Yusuke, IGUCHI Seiya (RIKEN); TANAKA Ryoji, NEMOTO Takahiro,
SUEMATSU Hiroto (JEOL RESONANCE Inc.); MIKI Takashi, SAITO Kazuyoshi (KOBE STEEL Ltd.)
E-mail: shimizu.tadashi@nims.go.jp

1. [ZC&HIZ

NMR (3 E O 55 11 |, T OfE G R AECIE BN 1B
EERARDZENTELGITEE T, AFETITE XL TND
RFEHES R BNLE S GO/ ISR Do EBE X/
B EDOFE LG OWSEHHFE TT, Bk NMR &L
DFRRED R TEEAR+THY, REWSEDOSHAFEL T
WET, NMR D L figen a3, 26T A
W7 o T HE R s 2 R O AR IR O MR ) % B e K REAL
B2 ERFEHINZ M TED IR | EEIL T R IR SO
BIR RO BAFEIZ D230 9, NMR DR L4 RGeSy
NETIUEEVIEE T B350 T, B TR L5 R RE D
i 5 % — P\ B S DN R D ieb A S TIE T,

DERD NMR WA 14 IR R ABAREAR CTUES T % 22 J8
A NAEE BN TELN T ET, BIEERA LI TS
4B REBARERITIZ2FEIE N HY . NbTi EWVIHEa RO
KL Nb3Sn EWVIEE R OBIREAETI, NbTi DR
I, HE DRI M ThDHIE Nb3Sn DRHEITH
DI E DN EM THHI LT, BTREDN 400MHz
(9T) LA F > NMR #&fiE NoTi 7215 &> THESTERY,
500MHz (11T) LL_EOGA1E, AN E (BEHTREE A 550 N)
FRIIT NbTi 2 AV, AV INJEER ) (63503980 )N) 12 Nb3Sn
S TELNTOET, F72 MRl ORISR L1 ~4T 72
DT, NbTi 72T Z > TELN TV ET,

INBD 4R R B R E R I B T E Dl A A
RN HYET, 900MHz21T)ZHE 2 7=d =075 R F e
IZ A T&ET, 1000MHz (23T) 28 EFR THHEEZ BN TVVE
T, SEEEL NIMS EAd =32 BAFE L7 920MHz (2001 4) &
930MHz(2004 4F) 3 L O AV 23BA%E L 7= 1000MHz (2009 4F)
7o 8 W B SRR R O BR LRI S B L 7= B S 41T,

Z? 1000MHz VWO B IR A 2 A121% HTS Z W5
ZENME— DRI ST 1 THDHZEN LRI TOELT,
HTS %V iuE 1500MHz(35T)H R ATRE TIZ/AR N EE 2 B
TWET Y, FERRIZIE HTS 87 (1986 4F) 25 20 4FELL B
o Th R CRfEb EBLTE PN ELT,

2. ARORNE

HTS % HWT NMR R 21EDICiE HTS I2FFA DRk 4 72
HATMREERHOE L7, Fl2 1L, HTS 13873y 70—
OTEILTVEE RSV ET, JEAK 5mm TRIEER
3km O HTS #p4 % EAAK 10em EE59 1m O aA/WRITEL
VTR B R BN 2 B R T2 BN BV E L7, F7=, HTS
VNG Sk D 42 B R AR L > TR E 5t O O H il 25 R
BRSO K KBTI L DIEIR S 2 VWO ¢, B 12
FAZEIRD DI AT LT DL ERHY ET, NMR 12k
DISFIH AL E TEINO TR 2 E FE D B VEETR S
W B E A PR T AU ENHOE LT, B 7 TEE
FROFES HTS Z Wi @i o NMR A OB %S
BEL1020MHz O NMR HIEVICE L E LT,

NMR (X BB 72 R e BIE & RRE Loy fRfessm B L E
7, FEBE 1020MHZNMR 258 CHIE L2 7 —Z130Ek L0
PEREDNE] L TWAZE DR TEEL-,

A RIBIFRICH W HTS #4413 Bi RIBEEARO—FETH
% Bi2223 LMHINABIRERR T, Bi SRHBZERIL NIMS
D) RTHFL (1936 —2014) A3 FUTHEBRT T 1988 i
BAFL7- HTS O—Hi T, 4 H CIHMERBER LER SN
B AVIZER I COVET, A F T HTS (G JE0 B LSS
STHWEFATLENSFRIOKINZEY NMR O &SI
I CEDEPYI N TSI ET,

3. F&H

AtiE, HTS & AT @iids NMR B O BRZE AN 4
HEBDINET, MBS NMR BHIE Tl B KBRS T34 %
LCWETH, T TIZKRMNTIE 4 PEOEFIZEWNT

1200MHz @ NMR Z BT 5720 D P RIKBEN TWVET,

WG HTS 2 WA Z2Fii T 2RETHY. 1 &
WK 20 BHO TENKRBESHTOET, KETYH
1200MHz ¥ A NMR BAFE DI BN KB LT T I—D00
BRI L CE RS T ET,

AALEDWTNDEIZEB N T, ZOXH72m S NMR
VIR K3 H A HERL TR T2 ) 10E  [EN
1B~ AR E L AR CEE 75284 EL
TWET, TTIZCRE T /77 /v —7 Iy 74— A
2 (PEERERTIT NIMS) %2 NMR 7T w7 4 — L F 2 (P
FEBSITFRA) 22 £ 1210 NMR o0 4k 3 i 2 5 L CETRY.,
ASBEBITRIEmOEE PR EEL TibaZ iz
1E, FEEOB A DL IER I B TT,

B

AWFFENL, [ENLAFFEE R 1 N B I = BLAR AR 50 vt 7
Sy HART - HEZRBR 7 7 0 7T AT 1GHZ-NMR Y AT LD B
¥ DO—BELLCEmSNELE.

SE Xk

1. K. Hashi et al.: J. Mag. Res. vol. 256 (2015), p. 30.
K. Hashi, et.al., submitted to Chem.Lett., 2015.

2. G. Nishijima et al., presented at MT-24, Seoul, Korea.
G. Nishijima et al., presented at EUCAS 2015, Lyon,
France.

3. T. Kiyoshi et al.: IEEE Trans. Appl. Superconduct., vol. 18
(2008), p. 860.

4. T. Kiyoshi et al.: IEEE Trans. Appl. Superconduct., vol. 21
(2011), p. 2110.
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Development of beyond 1 GHz NMR spectrometer (2)
— Excitation of the superconducting magnet including Bi-2223 innermost coil —

VIl TG, IhA EOA, Wi @ EE, ORK A, B B, B0 B, W B, K (NIMS);
WisE S, FAE HEA, B S R, =K SR, FE 20 (Rl L)
NISHIJIMA Gen, MATSUMOTO Shinji, HASHI Kenjiro, OHKI Shinobu, GOTO Atsushi, NOGUCHI Takashi, SAKAI Shuji,
SHIMIZU Tadashi (NIMS); YANAGISAWA Yoshinori, TAKAHASHI Masato, MAEDA Hideaki (RIKEN);

MIKI Takashi, SAITO Kazuyoshi (Kobe Steel)
E-mail: nishijima.gen@nims.go.jp

1.1 E U oI
H# 1GHz NMR & A 7 L DFFE 1%, 920 MHz (21.6 T)

NMR AT 207y 77L—=F7uayz7 LT
2006 fFEICHB E Nz[1], 2D 7Y 27 T 920 MHz
NMR H{mE 2 7 % v b OANIE Nb;Sn 2 A )L % Bi-2223
A NVICAIEZ D Z LT 1 GHz (23.5 T) ML ECiE#R g
% NMR ¥ A7 LA ZBFE L TE 7%, 2011 4 3 HOHHA

KESKGED o OMIHIC 2 4EZ2EP L, 2013 FEICIE 2
BRI 72 D WM AN IR L 7223, 2014 56 H 20 H& D
BHIA L 22 ¢l 7 H 31 HICEBHRE I~V 7 L3RI
FEL 7, 201448 H 4 HX D 7 HIZ ) CRBRBIIEE
2iro7%%, 8 H 26 HX O AREIKZEREBL, 10 H 17 H
12240 TITEEL 72, P4EMD 1020 MHzNMR < 7' % v
b Lo, 20154E4 H 14 Hi2 242 T FE4EICd
B U 72,242 T G EHBEE~ 7% v M X 27840
LTI ARRERRTH 5,

AT~ 7 %y b ORIREIC X 3 He TN RS X
NaA VEEMERREEZHRET 5,

2. X%y NETTR LV BI-2223 A1 JLEETT

27 % v FRETU2]E K A 2 A VEETL[3]% Table 1
BIO 2 12T, 920 MHz NMR < 7 % v F@rl’ﬂ’%
Nb;Sn I A L% Bi-2223 3 A LI ATVEZ (Bi-2223 a4
AR 3 A L L IEGIEH), EESEEN 244.4 A THULKES
242 T (1030 MHz) D&al (2 A4 VEE 99.0 mT/A) T
Ho T, S NMR HIEIC Xk > TaAf VERE KD - f
B, 997 mT/A IBEIEE Nz,

3. MIERSHE &K UK

%}J;E%‘fﬂc:m?ﬂzkﬁi 10,000 L, #E~Y 7 L4 6,500
LZWL 7% I IZEROEBELE IV ENS okl L &,
BEEZWL 72720 Jf’Jl rHZELT,

Fig. 112 2014 & 8 A DB EEET W) & He Il N
AMEZA R R T, BRI 1.57 K £ THHAITE T
73, 1020 MHz JEIEF1Z 1.72 K TH -7, Hell NAND
B AT 31w ERBEL SN, ZOREREEA
HEIE B RIS 2 IR E v, v 7 Ry MEK
DFMICOVTYHFET S,

g

AW FE SEOFFEBTEE AR AR IR MRS (JST) @
WHPE AR R e Toaima i o A Bl - #RaRBHS 7' e 7
T Ly DFBIZ X > THrbinrz,

SEH

[1] T. Kiyoshi et al., IEEE Trans. Appl. Supercond., 18 (2008)
860.

[2] G. Nishijima et al., presented at MT-24, Seoul, Korea.

[3] G. Nishijima et al., presented at EUCAS 2015, Lyon,
France.

Table I Main Parameters of 920 MHz and 1020 MHz NMR

Magnets

920 MHz 1020 MHz
Room temperature (RT) bore diameter [mm] 54 &<
Cold bore diameter [mm] 74 <
Maximum outer diameter of windings [mm] 909.2 <
Maximum height of windings [mm] 1520 <
Inductance [H] 1123 1155
Operating current (/o) [A] 2442 240.5%
Central magnetic field (By) [T] 21.62 24.0
Stored energy [MJ] 33 33
Operating temperature (7,,) [K] 1.55 1.72
Operation mode pPC® PS¢ driven

* I, was determined by ‘D NMR measurement to verify
magnetic field value precisely.

® Persistent current.

¢ Power supply.

Table 2 Innermost Coil Parameters for 920 MHz and 1020 MHz

NMR Magnets
920 MHz 1020 MHz
Superconductor Nb;Sn Bi-2223
Lamination material n/a Cu-Sn
Conductor size [mm] 3.5x1.75 4.45%0.36
Insulation material Glass yarn Polyimide tapes
Inner diameter [mm] 78.4 78.4
Outer diameter [mm] 124.3 124.0
Height [mm] 599.1 840.0
Number of turns 1,953 10,094
Contribution field [T] 1.0 3.6
25 1 I 1 T I I 7 250

E 20+ ) | 11200

© (g) o

2L 5L (a) Started (25 Aug) 4150 3

= (b) 22.3 T (950 MHz) (17 Sep) o

2 (€) 23.5 T (1001 MHz) (1 Oct) =

g 101~ (d) Normal transition at 23.6 T (2 Oct) 100 =

on (e) Recovery at 19.1 T (3 Oct) =

£ 5¢ (f) 24.0 T (1020 MHz) (17 Oct) - 50

[g) 24.2T (1n3n MHz) (14 Apr)
0 0

= Sep 1 Oct 1 Nov 1 Dec 1 Jan 1 Feb 1Mar 1 Apr 1

v 1.9F .

3

© 1.8 H

w

[=%

E 1.7H u

s

S 1.6 1

4]

[==]

1 1 1 1 1 1 L 1

5
Sep 10ct 1 Nov 1Dec 1 Jan 1 Feb 1Mar 1 Apr 1
Date (2014/2015)

Fig. 1 Magnetic field and He II bath temperature as a
function of date for 1020 MHz NMR magnet.
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Development of beyond 1 GHz NMR system (3)
—Countermeasures for power outage in operation of driven—mode NMR magnet—

AR HiR, A& F, R T

v B BB (OIRAEEAE) s ikl T (EEAT) B 11

P, KA 2 (R HERE) ;

AT 501 (BRE) TE K 18 (W FAE)
MATSUMOTO Shinji, KIYOSHI Tsukasa, NISHIJIMA Gen, HASHI Kenjiro (NIMS); TAKAHASHI Masato (RIKEN);
NOGUCHI Takashi, OHKI Shinobu (NIMS); MAEDA Hideaki (RIKEN); SHIMIZU Tadashi (NIMS)
E-mail: MATSUMOTO.Shinji@nims.go.jp

1. [ZC®HIZ

1.02 GHz BRI (NMR) 5L, $BAERIch=5
B iikn A ERE ST — K CcodEizzs Lz [1,2].
1.02 GHz NMR B&A1Z, Bi-2223 mEiE s (HTS) kN g
IANVERIREEE (LTS) 24V inb7ed [3,4]. HTS =A/v
%fﬂifﬂ_\htma@@ﬁﬂ L, *ﬁxﬁ’]fiNMRﬁzzE’C@ﬂ(ﬁx

T — NIER L (X A, B & & E A BRI
EIRBRENT — RIER B SI-. Bia A EIR :tF'EJWOK:
AVNCBREMBTHZENRDOEN, (FEEBRHFICEROMLE
T DHTENTERND, S EXIR I fES -,

2. FERE

B fREE NMR HIE 175728, 1.02 GHz NMR e O
aA L ~OEFE PG T, ”ﬁ‘(n(%‘ffﬁ“f}fﬁéiﬁ)ﬂ%?ﬁ(lﬂ
ppm/8hours) IZEVITo iz, (BERE, i HBIRNAaA
IO B EAZ LT DRI, FEw R B
CRRFFE AR R A (B e i 2 M i L7, P e ) GR R IRE) &
ToILFEHE AR EME ) (S/EIRF) 1%, BRRFRETAR T4l 2%
EAWELT, #aHERICIGESZ, FaA i, wa
HEWORFE R, aA/VERE— R uﬁ@éﬁéty}@
LGRAA T, T2 TFRGERIEE M 2 5 TWD. AL
KNEFEE— R CHEIZEND, m%ﬁmﬂ%ﬂag/mwv
NEEND. FEEOBRE, Fig. 1R

1R A2 1SRV, H B A (i 2 7= iR o5 R AR F #f
EEERENE N EMFEL, 20%, IEF R EMNE 20t
fa9 5. 3!5#]%%%**%&%7)?%771&1‘3%%%#6&( 1%, 1558
%, 100 OF 2595, BAHMCIE, SEN, BN
ﬁ@rﬂ#aafﬁﬂ\‘%ﬁé‘%%ﬁ%#%ﬁﬁ%\éaa%%f\k)l/ &h,
A HERE, FE7R<aA M IZEBREA G TEORETHD.
07—, B AR T A E IR R AN E R T
TEBN L7226, B BRI LA A L~ OB i e 230
Wranbd., 2085756, AT ML, aAVEiE
— R RI S E 5. :14’/1/ i (A VORI 13, FIEI
HENOBPUC IR T 5720, iR Ao /L NIC
HEBRNAELD. Lo T, BZEY Ao VE {thﬁ)ﬁmﬁﬂq

W ARIIZ, Wa HER2FELESY, Fa/roER
ZHIEILZ2 T ;‘Uf; SV AN
3. FED

1.02 GHz NMR %5 %, =5 fiEEE NMR ) E i

SEV, T”ﬁi%ibiﬁﬁ‘ot WEET %, IR
7o, WEICLAEBIZB VT, BREKEEHEEE ICRE
bnﬂ)Tﬁ/\ﬁ‘i%ﬁib i FHEIRIC DAV ~D B AE
DR ST BEAAL T EAL, —FIa LV EiE T

ST, 72 FRERIBAEBISE D287, B,

WA MBI T VEREHIETAZEN T,

BiEE

ARWFTEIE, [ SLAFZERR R 1 N B I = B A S0 i 5
IINTHAT - M 2R BR 5 7 1 7T A THB1GHz-NMR Y AT A0 B

Commercial
power

Error | Emergency

generator

A 4

Momentary voltage
drop compensator

DC Power
supply

Error
S1:open
i S2:close

—/—/\Mf— Safety switch
|
|

N\ S1 S1\
t i

|
Protection |
circuit |
|
|
|
|

Bh
H<H
UMMM Main coil

Fig.1 Diagram of a power for a dc power supply through
a momentary voltage drop compensator.

T OB LU TEMINZ. NMRY AT LOBIIL, #RAE
FrAf A BT LY A AR TRt e LRI TSRS,
WA OIEFRITERL, [E TSR B8 1A AN - b1 BIHF SE R
SIS AT — S a AT IRz

SE

1. K. Hashi et al.: J. Mag. Res. vol. 256 (2015), p. 30.

2. G. Nishijima et al.: to be published.

3. T. Kiyoshi et al.: IEEE Trans. Appl. Superconduct., vol. 18
(2008), p. 860.

4. T. Kiyoshi et al.: IEEE Trans. Appl. Superconduct., vol. 21
(2011), p. 2110.
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Development of beyond 1 GHz NMR system (4)
—Superfluid helium cooling system and some of the typical cooling case—

PO B, o ofE RS, OROK A, R BT, &k %, T O, AR JiR

, K 8 (NIMS)

NOGUCHI Takashi, HASHI Kenjiro, OHKI Shinobu, SAKAI Syuji, GOTOU Atsushi
MATSUMOTO Shinji, NISHIJIMA Gen, SHIMIZU Tadashi (NIMS)
E-mail: NOGUCHI.Takashi@nims.go.jp

1. [ZL®IZ

# 1GHz NMR A7 AEBEE R IIEREREI~Y Y A E]
THWEBREIA~YY LA(He IDEEHS AT LT, 2001 0
920MHz NMR S22 b T zb oz AV, 4

B OMAGERR T, 7z 7225 OBRITIMZ TIZAZ— Tz,

oLk, PEREEE DR E WO BITiiL7=0
T, BERR OB AL AT LEUGEDOWEE AR L, 2014 45 8 A~
2015 4F 4 A £TO, He 11 BEEEERD FCRRERL 720 o
DR 2 He Il I EAEEEFF 28532,

2. 7][”:!_: BREN) D LRV AT LOBE
1. IZ He II #EIgEHERR THREE70—%7R T, £
f:%‘fﬂ?ﬁdﬂ)}/ﬂ;ﬁ 2001 LA RIOENTLL T &7 5,

TEKS Bath {RJE  :1.545K +/- 5 mK [2001 4]
ITHERAR 7 HER & 5000 L/min 18H  *PE 1 &
ERPEREE 10 std.L/min.=30 mg/sec. 700 mW
R Bath 1B :1.72K +/- 10 mK [2014 4F]
ITHERAR 7 HERE 5000 L/min 34&  * TIF 2L
ERHER R 145 std.L/min.=135 mg/sec. 3030 mW
ZDRIEDOEELD T2 D FRBIRSILLL T &7 D,
A ~U T BN AR DR E B) JT kiR

C) EEAZAY OIRE D) EEAAZH IR
E) BEXRBLETE D F) HERR O
G) NNEB I Eh Y b

)

gesokE |EE | L |26 S0 95.55 |vP

SLM Q E B JTHBEE
No.1 B No 1HER
KT

2330 |
RoTADHR ~—11

1IR

NoZHF;’ﬁQ E%Noﬂ#'ﬁ H
KT

RyIADOHR

RoFA D% 54T RE9k :|
1. He 1T #EIEREHERR 7

FRHIEK 2. \RT I, ZHEOEAREL TODHD3,

EFREADB(G) DB E S, 4&::“;9 IZHWbNERLO
ZR LTz, 2001 AEOHIHRREETIL., 2O D &[RRI
%Yk‘/ﬁiﬂik‘/ﬁfﬂﬁﬁ@@]%ﬁ%u PC WHHIZFDfER%
IRTHEREL B EN TR, BREIRRICRESORAL
T2 AREME DB HFHALSE NG Fav, A RN, FRFHRIX TR
Motz vk, BB TEFIEEA L FENEIRLI,

-— '
No SR ‘ ==No TR |:
KT

3. AENCERT2EEH IR

JE ER1OO He 11 Bath ~0D/ N2 7 REMR A #1X, 2001
MO 700mW LUK 500mW 2\ 1200mW Tdho7-,
REHECEEBNOERDEE

AT R FIREKPIO | BB 2T 720
BEMLSIE T, FEIORKGHEZI TS, JD%{B’;JR#
DOFEENL, F9 Bath g =4 — CHERS ., Fhlils 1L 21T
ST, BRSSO FEALOfERITTA VBT a BEE=
H—TIToh, Xl a—F —THHER T,

e A R s
BRTCERGTAED gy - KEE R YR
GCSER7L-HRE KU -0 AKIBEH
ARERAT NUTLBR | AR
7 F Y- —hi
% - T K
#oERIL—bag h . = . BERELSIL-hRE
- - N K
ST RE AL —SL R
— K
JTHEARE FHIT  aoy-nFasoL-rige
— LU ||l — K
EREADRE ] REFFERE
1 - K
EmILOEE |- Helt® L&57'L-HEE
K= I~ - K
Hellmtéﬂ:‘l.k& ,\' . tl(bﬁr!ﬁfl&
' I~ :

Mot LI Y | REACTL L
avheman L i Yk LEEE
SCEER T e e I

.
; GoST# < | : S L—bi

HFRRE 7 s M SRR BRI TR AR

AO-LFTH sl TESE Hellf T35 L2 B
TL-HEE (k-:wz?’(r ah

X 2. 7FAF AL NNHIE A
HSRo T DE%

BEIZFAE PR 7" No. 2 b IR B S QU e 23 HTS =
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Development of a beyond 1 GHz NMR spectrometer (5)
— Shimming for the 1020 MHz NMR magnet
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——The 920 MHz LTS NMR
magnet (Map 1)

" T ——The 1020 MHz LTS/Bi-2223 [ 1

A NMR magnet (Map 1) |
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Fig.1 Initial magnetic field distributions for the previous

920 MHz LTS NMR magnet (Z1 SC shim coil is operated

at 2 A) and the present 1020 MHz LTS/Bi-2223 NMR

magnet
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_
Fig.2 (a) The ferromagnetic shim stacked on the surface of
the RT shim coil unit, and (b) schematic drawing of the
ferromagnetic shim
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Fig.3 Magnetic field distribution after the shimming
operation

ARMFFE X FE ST AF ST B FE 15 N B A H T R LA (JST)
TIFFE L BR S 2E T e i e B S T 43210 - AR B 3 7 75 4 |
(SENTAN) O X RIZE->TiThhiz,

S E Xk

1. Y. Yanagisawa, et al.: /. Magn. Reson., Vol. 249 (2014)
pp.38-48

2. S. Iguchi, et al.: submitted to Supercond. Sci. Technol.

3. K. Hashi, et al.: Abstracts of CS] Conference, Vol. 92,
1B-p06 (2015)
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Fig.1 '"H NMR spectrum of CHCI, in aceton—dj
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Fig.2 Long term drift of the 1020MHz NMR magnet
without NMR lock for 70 h.
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Fig.3 Stability of a shingle shot 'H spectrum of CHCI,
with NMR lock for 10 h.
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1. K. Hashi, et al. : Journal of Magnetic Resonance, Vol. 256

(2015) p.33
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Development of a beyond 1 GHz NMR spectrometer (7)
— Effect of high magnetic field on solid—state NMR of membrane proteins
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Fig.1. Comparison of the solid—state NMR spectra, DARR,
between 700 MHz NMR and 1020 MHz NMR. Effect of 1020
MHz is clearly demonstrated.
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[1] H. Maeda et al. eMagRes, to be published [2016]
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1. T. Matsushita, et al: Superconductor Science and
Technology, 25 (2012) 125009.

2. T. Matsushita, et al: IEEE Transactions on Applied
Superconductivity, 25 (2015) 5401704.
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Fig.3 Result of current loading test with 5 kA for 30min.
Voltage monitored for the inner conductors were plotted. We also
monitored the voltage for the outer conductors and it showed an
identical result.
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Coolant Temperature and Pressure Simulation for Short—circuit Current Test
on 40 m HTS Cable for 66 kV Transmission Lines.
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Fig.1 Electrical circuit of tri-xial cable
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Table.1 Specifications of an HTS tri-axial cable

Nominal voltage [kV] 66
Transport current [kA] 6
Cable length [m] 1000
Ul /02 44.6/47.0
Layer radius [mm] V1/V2 62.8/64.2
W1/W2 80.4/81.8

Table.2 Twist pitch of each layer

Phase-U Phase-V Phase-W
Ist [ 2nd [ 1st | 2nd | 2nd
Current uniform type
Twist pitch [mm] 200 | 200 | 300 | 300 | 500 | 500
Twist direction Z S Z S Z S
Critical current [kKA] 11.55 16.35 22.65
Low loss type
Twist pitch [mm] 300 | 200 | 500 | 500 | 400 | 400
Twist direction Z S S Z Z S
Critical current [kKA] 12.15 18.45 21.45
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Fig.2 AC Loss of each layer
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Fig.3 Current waveform in a low loss type cable
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