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Development of HTS bending magnets

—-Design and fabrication of saddle—shaped coils for the 1/3 model magnet—
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Fig.2 Outer view of measuring winding accuracy
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Fig.3 Measurement results of the accuracy of the HTS coil
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Fig.4 Analytical model for magnetic field analysis.
(a) Outer view of analysis model, (b) Coil surface with no
deviations, (c) Positional deviations of 0.3 mm in the tape
width direction.
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Fig.5 The calculated result of the error fields between the
deviated cases and the original one.
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Development of HTS bending magnets —Thermal runaway test in saddle—shaped coils—
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Fig.1 Schematic view of the constant—perimeter coil end.
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Fig.2 Magnetic field dependence of the critical current
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Fig.3 The positioning angle ¢ and ellipticity b/a
dependence of (a) the inclination angle S, and (b) the
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Fig.4 Result of the thermal runaway analysis
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Fig.5 Setup of the thermal runaway test
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Design and magnetic field analyses of spiral sector magnet

in an FFAG accelerator for carbon cancer therapy
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Fig. 1 Spiral sector FFAG accelerator: (a) Schematic of
accelerator; (b) Top view of designed magnet; (c) Isometric
view of designed magnet.
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Fig. 2 Design results of integrating magnetic field.
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Fig. 3 Influence of magnetization: Integrating magnetic field.
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Fabrication of complicated shaped coils for the spiral sector FFAG accelerator model magnet
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Fig.5b Outer view of analysis model: (a) No dev1at1ons,
(b) Positional deviations of 100 um (tape width
direction), (c) No deviations, (d) Positional deviations of
50 pm (tape thickness direction)
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Fig.4 Measurement results of the accuracy of the HTS coil
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Magnetization and field quality of a cosine—theta dipole magnet

wound with coated conductors for rotating gantry for carbon cancer therapy

FE W2, BEE A, T BEfd Gk L) E W 2, BH B GRE) 38 % (KEK) ;
A M, il 5 ()
AMEMIYA Naoyuki, SOGABE Yusuke, SAKASHITA Masaki (Kyoto University); IWATA Yoshiyuki, NODA Koji (NIRS);
OGITSU Toru (KEK); ISHII Yusuke, KURUSU Tsutomu (Toshiba)
E-mail: amemiya.naoyuki.6a@kyoto—u.ac.jp

1. [ZC&HIZ

FR A BIER A RIEE D RN — 2B W, ~ 7 Ry hE
HHEPR bR B — AN o TR I RE R S v e 3 0 | #
BEIRTR OB AR L L7 UE 7 b7, Alal, S i
RBARERA TR NI BT N — ot Ao —F 2 1)
<7 MR THM B L DSBEGAE T2 12 5 2 D52 BB D0
T~ Ry ML T 2 RTET 2 N TRFILTE
DOTHETD,

2. RIARMEDIT Ry BT A E

FENTXE R D 2 [~ 7 % hOFE % Table 1 1ZRT, w7
Fy MIE 5 mm OGRS TR N A — S~ R
R THY, 179 A T 2.90 T D 2 Mt Z2 3 A5, #FHNIC
—ERICEIRDBIEN CWDIGE . T bMM BB TFIEL
TRV 2 R Ry CHIRRAL LT R S 5 i 70 % 1
x 107 LU FIZ22 5301~ 7 0 N i N OB B i 2% L
77

DT FoNe RGN BARERM O E— ] FitEE 3 —
al—a BBET L CREIL, 2 COMM ORI R
DOBFRAT OB ZALE RO DL I B RN 21T o712,
AT E T WAZB W UREBGER AR L1, S512, ko
FBIAIND, ~ 7 2y "SI AT DR O AR (%
TR R 57) 45, Bk R A I L 72,

3. TR R2]

FERO—FIELT, 7 Ry MR RERKD 179 A Zi#E
L7z & D 2 Wi DRI 2 (b & i IR S hkiss B DRI -3 %
ZNZFI Fig. 1, Fig. 2 \TRT, 7238, Mk SAmbd oo s
AT+ 03/ NSihoTz, FNENDORINZEBWT, v7 R
MR 2 [RIHE LT & OfEE B BEREROTZO R L Th
2o

FEATHE B DB IT L F D XI5,

1 BRI ST, 2 MBI 1R TN CTLED
HREMER B D,

2) BT OB K D480 I U IR O 2 FRkse ik
Sy DZEENT 0. 1%L Th o7,

3) BMBALOWEICER TS, —ETRLE—DE—AD
R AT L2 10 s ([2BIFD 2 Sy ORIV 7 MX
0. 1%FL B Tdh-7= (Fig. 113 10 s FVEWZEITHER),

1) AL DR ENTFET DIRIBIZRB VT, 2 MRSk
O CHUEAL LT Bk A i o 1% 1 x 10° F2EERLF
THY, MR N — D~ T R D IH 72— L3 —[H]
BT 2720~ 32y CHIVEREIC AR B RN RES
Thb,

2), ML TIE, BB AL — LAAR Y MOALE T I
[ZORMBNIFLO T, B — AR EE B LI ETo, 1Y
FELWEESE A TO ML ERDH D, T2, B —BAR Y ONL
BB LRSI AT, 2 M~ 7 R MR, HLLIE
AT TV T T 2o hDT 4—R 7T —KHll, 7 1—RK/3v
IS RHEREL TE 2 BILA,

757

B

ARAFTEIE H AR FENTSE B S BEAR S VR EE A O T i
IR EEaA L AR T 0y =/ O—BE LT T
NELOTHS,

SE M

[1] Y. Ichiki, et al.: Physica C 412-414 2 (2004) 1015-1020

[2] N. Amemiya et al., “Magnetisation and field quality of a
cosine—theta dipole magnet wound with coated conductors
for rotating gantry for hadron cancer therapy” accepted
for publication in Superconductor Science and Technology.

Table 1 Specifications of dipole magnet

Reference radius 30 mm
Radius of magnet bore 60 mm
Inner radius of return yoke 120 mm
Width of coated conductor 5 mm
Number of turns (both poles) 2774
Dipole magnetic field 290Tat179 A
Magnitude of higher (n > 3) <1x10*
multipole coefficients without
magnetization
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Fig. 1 Temporal evolution of dipole component.
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Fig. 2 Normalized higher multipole components.
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Table.1 Specifications of a Y-based double pancake coil.

Inner diameter 74.0 mm

Outer diameter 85.0 mm

Height 10.2 mm

Number of turns 50 turns

Critical current@ 77K 115 A

Inductance 296 pH
4K M5

#$o7Laqd

ZR@SH—IF
—REH—LF
Fig.1 Schematic drawing of experimental setup for AC

loss measurement of a conduction-cooled HT'S coil
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Fig.2 Waveforms of coil temperature and heater power

Table.2 Experimental results of AC loss in an HT'S coil

Temperature | Current | Frequency | AC Loss
[K] [A] [Hz] [J]
20 20 10 5.82
20 20 20 9.34
20 20 30 16.34
20 20 40 21.89
SE Xk

L. f@ 3, fh: ER PSS, ASC-12-014, pp.5-10,
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Tablel Specifications of the 300mm bore test coil.

a14JLAE 320mm
MLV ERRKR 420mm
aAfILERR 450mm
B 29T
Bmax 4.46T
4 —E (100mmEk) 1.72ppm
EEERIE 214A
RS EiR/ iS5 | 351A(20K)/4.0T(36° )
BEE 61%(20K) / 79%(30K)

300 \ ‘
250 —\ BEEIS)L
(FRHT)

BEEIMLGIE)

=L

’\/ )

=)L GBITE)
I

\_ ALEERE| 8K

0 24 48 72 96 120 144
#ZiBEFRthrs)

Fig.1 Cooling properties of the HTS test magnet.

Fig2 MRI multi-slice images of a citrus by very stability
power supply using a conventional MRI magnet.
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Research and development of the very stable magnetic field coil system fundamental technology
for MRI (2) —Design of a test coil with 300mm bore—

Fap P, fEE A R L E Bl

it % (S

MATSUDA Tetsuya, FUKUI Hideki, INOUE Tatsuya, YOKOYAMA Syoichi, TANABE Hajime (MitsubishiElectric Corp.)
E-mail; Matsuda.Tetsuya@dn.MitsubishiElectric.co.jp

1. [FC®HIZ

MRI ~ 7% ML, SEE OB 2155 72 DI 22
B)— DT D, — I T HAE C 2ppm %%}#miﬁ
FEMpE L S5, /\IEI ReBCO 7—7 bt =
—F oA V& LTSI TAS v 7 Li-tEiED MRI ~ 7
2w MTT, wﬁmﬁi@#;ﬁ%t&)@:4/%ka@mﬁm
FHEFEM LI-OT, ZOMEZ#ET S,
2. A ILEEE

PEFTI MRI ~ 27 > MORBREEHN FEL mm D AR D IR
NbTi R CTHY | A NV Ofci{bakatCld 7 HENiE & R HhhiE
Ze[RIE 28 &/ TV V=, — 7, ReBCO T — 7 #4413, 0.3mm &
JEZHNEL | MENE Smm SRS THY, # 7 Vs A —F A )LD
W 1lmm (272D, Bl — 35701 aA VRO R b
ZERT DA, 7 SFaA A EIDEGRI A bV
O BTN =XV OfEENE 32 TREEEL, T
F—X DA NWR R T HESOAE ST, 7035, 2A/H
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Fig.1 1/4 Cross sectional view of MRI coils after initial
optimization of coil heights
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Fig.2 1/4 Cross sectional view of MRI coils after final
optimization
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Fig.3 Load Line of MRI coils
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Research and development of the very stable magnetic field coil system fundamental technology
for MRI 3) —Production of a test coil with 300mm bore—
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(2014),3A-p01
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Table.1 Specifications of the test coils

oA VN 320mm

RIS ST N 420mm

= 5. 5mm
oA VAMEIRGE —0. 11~+0. 10mm

Fig.1 Photograph of a test coil.

{EE R

AT ERE
300mm
(FF VR H)

TS50 450mm =gl (FE)

Fig.2 Photograph of the 3T-300mm bore test coil.
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Fig.1 3T LTS-MRI magnet
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Permanent
Current
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Fig.2 Circuit diagram of LTS—MRI magnet test
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BAth 1.5 BEMRICIIBIRIEIX R E LT, BIBRLATE 1.5~
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1.500174
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Magnetic Flux Density (T)

Time (hour)
Fig.3 Magnetic flux density of NMR probe in the power supply
driving mode

Fig.4 MRI images of citrus depressa, a kind of citrus fruit

S5 Xk

1. Y. Yanagisawa and H. Maeda: “Mechanism and
Suppressive  Methods for  Screening—current-induced
Magnetic Field of REBCO Coils”, Journal of the Cryogenic
Society of Japan, 48, 4, pp. 165-171 (2013)
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Analysis of Nonlinear Current Transport Performance of HTS Coil with Inner Diameter
at 320 mm Taking Account of Detailed Cross Section of Coated Conductor

A BUE, S8l R GUR); Bl B (ZZEE)
NAKAMURA Taketsune, SHIBAYAMA Yuka (Kyoto Univ.); YOKOYAMA Shoichi (MITSUBISHI)
E-mail: tk_naka@kuee.kyoto—u.ac.jp

1. [XE&HIC

Tz 1%, EFH MRI ~0i JH &g m Lz E oo
NERIEL, ELERSaA N AT DA 2 B, EiHE
DIFFRBIR T vy = e FE L T[], AT, =28
BRENBITEL QD ©320 A VERGELT, TP R=AL
IZHAWSR TS Gd -é‘ﬁ“imﬁaf%’fﬂ)i'ﬁﬁmamﬁﬁﬁ
PEOFERZR R EE T I, EiT T VickoTERLL
7o F17, 320 IANNTHOWT, LFEA OFEM e W RS
EEIEREICHELLTZ 3 WRouH [RERIEMNTE 7 VAR L
T, ZOMWMEREVECRG R AR E 'L L, &51, [
T IVERRETRTE T VA LT B B TR AT 11
DOWCHIHIL, BUIRE#RE T2,
2. O320 AL D ERIGEBTET LT AZE

O 3202 A NV DFEAMT DN T, BRI ESN TNDHDT
HEZI52), =7, @320:4’/1/0)EEJF$€%W¢%EJ;ILIE
FAEIZTHIEL, 2o EEmHMnTERbL 7, I,
AL D FE 72 T T A i A 1 e 3&?E%ﬁﬁ2%ﬁ%ﬁ%7‘ﬂ/k
U CHEIL, FEl7e A L INRESE A S 451, JERRIE i H
R EAE T L7, RIC, ERRERGAEATE T LIZl s T
DAVTZ IG5 53 A0 )~ O i 7B it & FEAT 3 DR BT 7 V&
ERRL, REEFOEHMEEZ K 7=, 72k, BERTT VI,
n%zv%rﬁi‘#ﬁﬂ@ﬂ%é’) WCEDIINCRZDDERBATHT-

DICHEETHY, 5 2 TR EE W O R I AE O BRI B
ThHILND, FRREREMT A 5E 95 EE MR &L
ETBN5,
3. BIRREBR

Fig. 1ZiX, 3IRGEEBRIGMNTET VA R+, BEEEE
M AR R e E A I EIL TnD, F7z, Fig. 212
X, EREaA VW TWAGART — 7 M O E R D %E

Bl Beaon T, B — BB EREORE R RIZHOWTUT,

UM KZE - RESPIERL TN/ N—alL—aBEBET

NBITERILL T, LB T M LTI

R R MRT A SN, Fo, R E A AT 5729

CBIR LI BT T WSO\, MR & AV CRER

Lt:m'wn“?szz—éﬁﬁ%Flg ITRT, BREHED DR R

PELIVTWD, Y HITE, Bt T T it 5

DFEMEIET 2T ETHD,

HiEE

AWFIEIE, H25-26 1L, 83 PESEE O PESEDATIT 2B

FEEFER, BRO H2T L, [ENZAFFERTEIE N H A=

TIFJEBRZE RS (AMED) 0 [ AR IE S & 8L DR R -

AT DIFGEBH T 2 DD i i EE A A L HA Al B R

TRV IR ERE KBTI ERLIb DO TH D, fif

P O—EIZHONT, KT L ERE T LR E

BRI I TE WV,

SE 3

1. S. Yokoyama, et al.: Abstracts of CSS] Conference, vol.
92, 1A-p01 (2015).

2. T. Matsuda, et al.: Abstracts of CSS] Conference, vol.
92, 1A-p02 (2015).

3. T. Kiss et al.: Physica C, vol. 392, pp. 1053-1062
(2003).

120

100

x©
(e}

C

Critical current 7 (A)
(o))
o

Fig. 1 3D FEM model of $320 coil
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Fig. 2 Temperature and magnetic field dependences of
critical current of GdBCO tape, which is used for ¢$320

coil

250

200

#75M, Zmm]

20 30

U_]amm

E?Er‘j, R[mm]

Fig. 3 Spatial distribution of magnetic field in a bore of

$320 coil
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Evaluation of attenuation characteristics of magnetic field induced by screening current
in a short sample of ReBCO tape conductor
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GdBCO tape conductor

Critical current

(77 K. selt-magnetic field) 2874
Width 4.99 mm
Length 4.93 mm
Thickness 0.159 mm
__Exciling coil
> Wire size & 1.2 mm
Coil inner diameter 70.0 mm
Coil outer diameter 180.0 mm
Coil height 70.0 mm
The number of turns of the coil 1760

Fig.1 Schematic drawing of a measurement system of magnetic
field induced by screening current within a GdBCO tape
sample.
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Fig.2 Attenuation of magnetic flux density above the center of
a GdBCO tape sample after an overshoot.
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Fig.3 Distribution of magnetic flux density above a GdBCO
tape sample at 32 minutes after an overshoot.
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Influence of excitation method on attenuation characteristics of magnetic field
induced by screening current in ReBCO coil
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Fig.1 Schematic view of GABCO double pancake coil and Hall
probe for magnetic field measurement.
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Fig.2 Example of the excitation current waveforms.
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Fig. 1 Dependence of normalised critical currents on angle of
magnetic field.
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Fig. 2 Comparison among experimental result and numerical
results of screening-current-induced fields.
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Fig. 1 Cross sections of the designed dipole magnets with flux
lines: (a) cosine—theta dipole magnet (CT); (b) dipole magnet
comprising racetrack coils (RT).
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Fig. 2 Temporal evolution of the current and the influence of
magnetization on the multipole components in CT.
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Fig. 3 Temporal evolution of the current and the influence of
magnetization on the multipole components in RT.
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