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Technology Trend of Recent Neodymium Magnet and its Applications

IWABEE  (BR) KRI
°Hitoshi Yamamoto  KRI Inc.
ymmt-hts@kri-inc.jp

Abstract:

High performance Nd (Neodymium ) magnets and its application are introduced and it is proposed to
implement a permanent magnet magnetic circuit generating a few tesla field and pulse magnetic measurement
apparatus generating a 8 tesla for the preliminary experiment.

Keywords: high magnetic field, magnetic circuit, Nd magnet, pulse magnetic measurement apparatus,
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Permanent Magnet Type MRI KRI

Technology of 3-D magnet simulation and tough shimming work
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Japn is the top runner of inverter air-con using
(PM)permanent magnet ;NdFeB magnet

Red; Inverter ratio

China
North America
Furope
A Japan
Demand /8 3 nullion units
Demand . 22 million units INV Ratio : 0%
Demand 7 million units INV Ratio - 7%
INV ratio - 20% ‘Demand ! 7 4 mullion units
NV Ratio “100%
Middle and Central America
Asia/ Oceania

Demand - 3.8 million units
INV Ratio - 0%
Demand - 3.1 nullion unifs
INV Ratio : 6%
(Researched by Daikin Industries)

Inverter air-con can save electric power of 30-40% reduction level
compared with conventional on-off air-con




Massive application of permanent magnets in a car | KRI
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pavar staecing

@ sintered ferrite (wet)
[(nespre | ©[ o mir sawement | @ | Sintered ferrite (dry)
'w | Sintered Nd or SmCo
'w | Bonded Nd, SmCo or ferrite

Memo; AFS; Active Front Lighting system, ISCV: Idle speed control valve,
CVT; Continuoue variable transmission

Future application; Wind mill generater KRI

Type Horizontal Type
Blade 3

Blade diameter) 15m

Hub height 22m

Rated power 40KW

Generator NdFeB magnet
Rated speed 11m/sec

HEV (Hybrid Electric Vehicle) KRI
& EV

| Diesel HEV of truck company I

Hybrid system
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High magnetic field generation in bulk superconductor reinforced
with metal ring

R CaFRFEL T A2)

Hiroyuki Fujishiro (Iwate University, Faculty of Science and Engineering)
E-mail: fujishiro@iwate-u.ac.jp

Abstract:

We have established the numerical simulation technique for the electromagnetic, thermal and
mechanical properties of REBaCuO superconducting bulk with finite height during field-cooled
magnetization (FCM), in which the bulk was reinforced by metal ring. Using the technique, the
optimum structure of the metal ring reinforcement was proposed to avoid the mechanical fracture of
the ring bulk for the 9.4 T (400 MHz) NMR bulk magnet, and of the disk bulk to achieve the trapped
field higher than 20 T. This technique can be applicable to realize the high field bulk magnets.

1. iXt®Hi
REBaCuO RHEEE L7 (RE: Ay HHICF)X, BIGHHAEIER(FCM)IC X 0 58 ks % il
BT D ENARETH Y . BIFETIE Nd-Fe-B RAKAREA D 30 5L LR T)72 17.6 T (7 X 7)
@&Uﬂ&mﬁﬂ%ﬁénu\ﬁ%WW%ET%ST%@zéﬁU%Rwﬁ EENFEB L
TW5, Z ORI ERPK AR X, TERBL DO RAT K ARAT . y 513

%ma RS O A JUREA) TIEFEBLTE 2\ W HIPE & Al
%-ﬁ%f%ﬁb(mgu%@\i*wﬁ—ﬁ%\%ﬁ@m
5B NMR, [ERSE2 E~OH LWSHNEE > T 5D,
L L., BERREOBRIS Ottt T 3 v 7 ZAEHT
HLHBEBE ALY IIRET L0, &Y v 7O
A RAIR T DM, BRI 7RI TR DTFAE L7228,
R L7 OB FHEN D TR SND 20 T DL EOHE
Welg 2 2B TE TV, RBEERTIL, ZIVE TOEBIEM

R 22 < O EREZ IS, HEY I 21— a2
X A2 ERERBEE )L T O EBRE O BRGNS, KOV E
IR O Rk it OfE R 2 WM ET 5,

Fig. 1. Comparison of various magnets

2. EHMROBRL . BHEMET., ROERBY v 7 OMBICET 5 84T
PERD 7 — T ISR R OHEE T, B R EE )L 7 258 UT2BR OIS 71 % f#HT
RAEHNTRO TN, BEOBEBEANL ORI IFARTHY, AREYL /A4 Ra
ANEHNT FCM B x17 5 12, AREREZHAWT FCM BBICB T 2100V 12
—¥ a3 Y &EA{T572[2-4], REBaCuO REEEY 7 v (4% 64 mm, NEE 40 mm) % Y
V/4F24w(ﬂﬁlwnm,WﬁNMmm)%mv%ﬂ@M%@KOwT‘3O®%?W
WZOWTHIETL7Z, case A X, BEREANVEHWTEREY > 7L 7 % FCM 519 5
PE . case BIZARE LY (EX20mm) ZERE = 4/ CFCM BT 5345, case C
EEREANLVYZ (JEX20 mm) #FREaA /L (S 100 mm) CTFCM AT 5545 ThH
B, TNENONLYT OAFHZIES Smm O&RY 7 (TAIEE) w5 LT, LY
DR | G R B RS HE J, = 4.8x10° A/m® — & & 9% Bean model % E L 7=, FIINEESS
By=47T L L., 10 A7 v/ TERI|Z/2D FCM B 21TV, Ly & BEE B O 04
ERHE Uiz, IGHEATTIE, N7 ROEBRY VT D NFENRT A= (Yo THFE KT Y
vH) BRAL. BREKBIES S 7 — IR M a2 E B L., £7- FCM &4 T



X, SV EBRY 7 OBUFERIBOEWIC XV EIRD S FCM RE £ TOHANZ X 5 #
B 7 —F IS0 BTN S LD 72, EBICEMEN D 7 — 7 1100 (=68™M + 08™)
HEHE L7z, f#FTIZIE PHOTO THERMO, PHOTO ELAS (PHOTON, Japan)% F\V 7=,

Fig. 2123 DD/ —AIZBN T, B =4.7 T D I K 7 — 75 /166" M(max)? FCM 2 5
v TN E, TAVIEEY VTR H5E W) E BENGE(WoNIOWTRT, U I
7 OBA, o0 MITIRPNERE( =20 mm) TR & 720 . AEG IR > TINS5,
case A~C DWTHDOEE S T IBEY Wb BEED TR0 712 5 08" M(max)
BHI20%ET$5 2 LB 5, F7200"Mmax)DfEIEL., GIRE /L2 (case B, C)D J5 3
[RE /N7 (case A) L W RELS, AT v FKAFEG AR08, ZORKIIEAT v FI2BlT
LHHERGS & B DENTHAT 5 Z LK S,

Fig. 31T case CIZBWTCT A I/G®) U7 &dEEF L) 7027 % 300 K25 50 KT
HH LT BAIT L7 ISR AT DB 7 — 7 U5 1100 O 2 i AFME 2 R4, 087 1310
(z=0mm) TIEKE REMIS MDD, L7 REISHES L ICHONTEMG T (G EHER
DINF) B L, BERETIERE R SRVISHRMO D Z LR ahoi,

100 T T T T T T T T T T 11010 o WL 500 P L. L L e B B e
LB =4.7T —e—case A wiring | - | only cooling (300K->50K) case C |
----&--- case A, w/o ring f _ .
80 L reinforced by * 2322 g’ mo”ﬂ?,g _ 200k reinforced by Al-alloy ring , |
| Al alloy ring T Case C.wiring | - N B ;:gmm
6oL ------ case C, wloring | | e 7-4mm

40

o (max) (z=0) (MPa)

(3]

—bore | fing bulk ><ALaloy ring>
PRI TR T N T T T T N T T S T AT ST S T S AN SO S 1
2045 20 25 30 35 20
r(mm)
Fig. 2. Time step dependence of the maximum electromagnetic Fig. 3. The radius () dependence of the thermal hoop stress,
hoop stress, o5"™(max), in the ring bulk with (w/) and without 6¢™, for the finite ring bulk reinforced by an aluminum alloy
(w/0) the aluminum alloy ring during FCM from B, =4.7 T for ring for each z-position under cooling from 300 K to 50 K.

all cases.

HAENRE D /)L 7 Rl TOHER D D FORIHIL, 7S/v 7 O FCM & B O BRLIS I X 5
SNVT OREEE 5T, T CTH AR T HRIEEIRE L, Be=94 T £ TOEW
BT HAEE L7220 400 MHz NMR NV 7 <7 Xy h~D&BY Vv VHEnefeTh 5
ZEEIRLES]. &BHIT, BIFED REBaCuO 73V 7 D ERRSG O TH D 17.6 T iz
H20T UL EOEBICIH A HERY T HIEEZIRR L, BIFEFGEFEBRAZGFHE L T\ 5,

3. &

ZHETO REBaCuO 7NV 7 OGS SEBRIZ I 1T DI AT IR FERIZIT DL T e
Mo TN ABFZEIC L0 EBRER « B - S Sk DA N FTREIC /2 0 . MRAe R Y v
TOMPENRTFRTE D L DT o Tz, A% ITET) R & & Iz, RO flux jump
Ze Bl 5 B2 EE D A EETH Z LIC XD, EVER, 20 T ERb 2 IR &
ELTW5,

2% X

[1] J. Durrell et al., Supercond. Sci. Technol. 27 (2014) 082001.

[2] H. Fujishiro et al., Supercond. Sci. Technol. 30 (2017) 085008

[3] K. Takahashi et al., Supercond. Sci. Technol. 30 (2017) 115006.

[4] K. Takahashi et al., IEEE Trans. Appl. Supercond. 28 (2018) 6800705.
[5] H. Fujishiro et al., Physica C 550 (2018) 52.



HTS-NMR ¥ R 7 AIZ [\ 1) 7= LTS/HTS B B

Development of LTS/HTS Magnet for HTS-NMR System
WA Hin WHE - HEHIFERERS)

Shinji Matsumoto (National Institute for Materials Science)
MATSUMOTO.Shinji@nims.go.jp

Development of a magnet for a next-generation HTS NMR system is currently underway. The HTS
NMR system will employ HTS solenoid coils and a cryogenic probe with an HTS radio frequency
coil, and enable extremely high throughput NMR measurements. REBCO and reinforced Bi-2223
conductors offer the advantages of having a higher critical current density than LTS conductors in
magnetic fields above 10 T, in addition to tolerance to high tensile stress. Both of these factors are
expected to reduce the volume of magnet, thus encouraging users to install higher NMR systems. A
designed 800-MHz (18.8 T) magnet consists of Nb-Ti, Nb3Sn and Ni-alloy reinforced Bi-2223

layer-wound coils. The magnet will be operated in driven mode using a highly stabilized power

supply.

b iR B (HTS) MEIORKORE TH S, 10 T #lBx 2EST o, mn
BRI ZIED L, KRR (BER) BEE (LTS) MENCIEEIE T RVl 2 4R &
W5 OONGE - BAFED, HTS MEtOFRLCK, ERICIThbhTE. BT < RN
BT Thy, ByEICBWTIE, #lxiX, TIEKFED 25-T Hhim AEESR A1),
W'E - MPEHIFZERERE O 1.02 GHz KRGS LIS (Nuclear Magnetic Resonance, NMR) fi#41[2,3]
EFEFTHIENTED.

NMR #ef OFRREESALD A U > M, NMR F5EOm EE NMR A7 RV OSfREED
MBS 5 2 & THDH[4,5]. LarLaensb, NMR A OBBGIZ & by, KT,
AR 2 A VIO B AL D BRSO S T O RSB TR B 3 L OV ) FetE o
M BRSO HD. HTS #MIE, TNOOERIZIEZ DI EDOTEXLMEITHY, BEE
IA NN HFETEL O TH H[6-9].

LTS NMR féf TlX, k7 —7 i /1% 200 MPa B2 EZIZHIBR L TV 5720, B LT 5
2O T, AT b u A —X—ONREEXH B350, anKEUL+ 5. #2iE, 500 MHz

(11.7T) 7% 800 MHz (18.8 T) Ziifsédfi b3 % &, /MFREIZA 251272 508, BHEITH
TfEE%. K7 —7)J1% 500 MPa £ T#F4 LT HTS =2 /LC NMR - 2 8ET %
&, 800 MHz ifkfé 473 500 MHz LTS B AFEEE DR E SI2F T/ T, FIHEICE ST
DAY h&725[10]. HTSNMR B WTIE, BIEDO L Z A, LTSNMR B o X 9 7%
KINEFE— RORTOEIRIIHFTE 20D, BREBAHEREZHH Lz, BB
B)E— Ni#EE NMR A7 ha A —X—(2X 0, XTI EOEDREART MABELR
TUWA[11-14].



BIfE, 800 MHz fk HTS-NMR * A7 AZ[A]1F, Nb-Ti 3 L UV NbsSn LTS #44, Ni &4
58 Bi 52 HTS ##44 (Bi-2223NX) % V7= LTS/HTS a2 EHF CTH D, AanaA L
MR, - 22 b - ERAEEZZBEL, £ HTS TiEe<, LTSHTS A 7 U v REIE L
7. BiAX, mEEMARERICK D, EREEE— N THEEKRT S, £, RE~T Y
LOWEZIMENIT 572018, WEEIC XD g2 L Tnd. HTS a1/ VL, 7
— 7RO HTS I L 0 aA VEBES TS, T — 7ML, v r—F&I1C
HWLTWDA, NMRIEAIZRD GNDEWVBESEE, BXY, A VINOERGE T Z T
LRV D72 T HIEDIT, LAY —EBEZEALTWS., 7—7RIRO HTS MM A2HH L T
WD, WERERIC L D REBEORAENTRINDGD, TRETITRIEL TE, B
BAIERAT (BEtEs &, BIRE S A, BET L) LV TEHEELZTVS. BUEL
72 800 MHz #% LTS/HTS NMR #4.£71%, 600 MHz # LTS NMR Bifi %A X% T/ T& T
W5, BUE, BAOREETTHY, EME, NMRGHIISIERN T 550 TH 5.

AFgei, BIEHEREREAE (JST) OMFZER R R 3 THIEM A 2 X— a Al HE
T T A (S-A7N) OXEOL L, W'E - eI, Uy N RA— o x
H—T 7 ) rav—, BYLFEMIEHT, TEEKS:, JEOL RESONANCE 23 #:[F CTHF3E % ki f T
HFET.

2% U
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S DB b DREEIRL T 2 BT Do M OO T, 20 EFRE OBLRRL 123 —FIZ i
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SMEEIT NI NVEEZ DERFIBIESND, ML, ~AEBOREEAERE) ) & L TRFEZTK
WTWDH, AN D I 285512 K> TRO M E NED Y | k< HRDEREZITTNDH O
TH D, BMEHEIL, 1975 412K E O Blakemore (28 0 IO TR A S TLE, W, 1R,
BE72 EOKDEIET HH LD LBRETRON> TN D, FELIX, AIFHKE LTHHASR
B HFRRRIEK IR E O AN H TR D bR 28122 L T\ 5, M OFEIC b 28
MRS D Z Do TS, MEPBERMRL 2 G 2 BHIX, KR E L THfIZITDD
S TWRWR, RNORAT L0 MIBER OB Z B L, I & > TER LT WEEHRED
HIRVKIEDBREIZBEIT A 7-OICFH L TWS, &I DORFERLUIL Y O@ERTH 5,

— T, EOLIITHERIRL -2 1ED D, &9 IWIZHOWTIE, ITHFEENEAL TV D,
WEMERIER X, KO HIZERIT TO A TE A A IO D fifmlbT 5 2 & TrER
K f- 2B T 5, UoNE, HERIHEMZR A T, B T2 68T 5 2 &N TRITH
7o LD LEEMIZRMRAT OFE R, 188 L Tzl R oo @ IS HlE S 7z A s OFFER L2 C
T, WMEME D7 ) LTI & o T, BRI DA U LB R BIR T8 oDy > TV D,
ZDEITKI 100 BT THY . ZONDK 20 Bin F A FEELEE 2 L T\WD, 26 DB
ZRREHX E L THES N B BIMEMERA O & 7 BT L » T, BEMRI A ROES & 72 %
AR/ AT T 5, IRIT, /IMaEIZ8k@E # > X7 HIZ K- T, /MatIz#kA 4 > 3 D A
FND, FEM LIS ERIET D X o RTBIZ L - T, AR DNER SV D, £, /Ma%E
—BNAAR D T2 D DFEHEIRD & 2 X7 BOFIE B P SN EN TN D,

DX T L THIRE O CH R S NI EEBRL1E, RIS DD Z LT
Do OO OWEREERL 71X, AN AFHIECOIGHICBWTHRTH S Z & AR
ENTWD, AHEIEEREICSZEGET ST X REFH LT, Sy T2 BElkd 5
ZEMTED, KTREITZAICHEEL TWD Z EnBRFIICENE T, KIEERF TONK
PEICEND, DI, BEMME OB ZIC L - T, BE o PRI S > 87 B 2 EHE
RELIED LN TE, MERFEWEOFN, BSRGEMHWED A7V —= 7 HAEER
2B DRI B~ OISR FRETH 5, F72, HIEPSBEKITIGE L TROF &2k SHE %
FIH LT, EENTOEROER (K7 v 77U —) BRA[ETHDH I ERRINT WD,
PEAHEA OBR TR 212 X D REERL T O mikRe b & 2 OIS LD BB B HIfF S LD,
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N A DREIH LB A2 BT HOTH S,

BET DIBREOFEHRO -0, BBIE bEEN
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NETOMIET, ERICE L L, MG E L TONMNIR A Y AlA % O T [E5REE S % B
M5 2 & T, B S5 em BN 72 BlESEL & 2 ORISR T 2SEIRAICER T 5 2 L 2SR
ENTWAD Y, EEEIC LT, RBER O REEMIC X 285 T ok 1045 -
BHERIE O LA LTV D Y,

FRICHET T, BEERCA RIS 10-20 cm BN 72 EAL ISR 2 5 S8 5 LB
by, BMEBEWANLAL D, L L, HEER A Z W TEJER ORI S 2 N4
L FETML SN TR, £ 2T, Al m ChE Lz 4 DOBEEMA LS. —HE N
L7z MRS S — v R 2 D 72 BRSO RN FRiEEZ B R LT, BIRIIZIE, 4 DO/
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LR — v R &2 W T/ N e g 2R A 1T o 7o, MDA ~DOBRA 288 L, i
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ENFRETH D Z LR ENTe, ABITEMERREZEE LW 21T ) TETH D,

AEE  AWFIE D —EBIL . R REFEIR Y H OBk L 0 Efi S 7z b D Th 5,

Fig.l. #ZET DEEOBEEMN

2B 3R

1) M. Kirimura, Y. Akiyama, Journal of Physics: Conference Series, (in press).

2) M. Kirimura, Y. Akiyama, S. Nishijima, Progress in Superconductivity and Cryogenics, vol. 20,
No.2, pp.11-15, 2018
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