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Development of HTS high stable magnetic field magnet system for MRI (1I-1)

—Outline of the project —
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Fig.1 Photograph of REBCO superconducting pancake coils.
Shielding coil on the outside and main coil on the inside.
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Fig.2 Structure drawing of the half size active shield type 3T
magnet.
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Development of HTS high stable magnetic field magnet system for MRI (1I-2)
—Manufacture of half—size 3T coil and Design of half-size 5T coil-
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Table 1 Specifications of a half-size 3T coil and 5T coil

A half-size 3T coil A half-size 5T coil

Inner diameter of a main coil 560 mm 560 mm
Outer diameter of a shield coil 1200 mm 1200 mm
Current density of coils 120 A/mn?’ 200 A/mn
Center magnetic field 29T 50T
Maximum experience magnetic field 42T 67T
Magnetic homogeneity (250 mmDSV) 1.7 ppm 1.7 ppm
0.5 mT fiinge field R2.5mxZ3.4m R2.5mxZ29m

Fig. 1 Production process of a shield coil.
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Fig. 2 1/4 cross sectional views of a half-size 5T coil.
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Development of HTS high stable magnetic field magnet system for MRI (1I-3)

— Equivalent circuit of HTS-MRI Magnet for power supply system design —
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Fig.1 Equivalent circuit of exciter system and HTS-magnet considering
the screening current.
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Fig.2 Typical experimental result of HT'S-MRI magnet
excitation and the corresponding simulation result.
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Development of HTS high stable magnetic field magnet system for MRI (1I-4)

—Influence of HTS conductor’ s cross section on spatial magnetic field distribution in a coil—
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Fig. 1 Analysis result of magnetic field in a homogeneous ball

space (500 mm) of whole-body 3 T coil [2]

Superconducting layer
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/Substrate \

Air

(a) Cross section of HTS tapes

(b) Part of magnet structure
Fig. 2 3D FEM mpdel for a 3 T whole body magnet

Fig. 3 An analysis result of 3 T whole body magnet taking

account of cross section of the HTS tapes (Fig.2)
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Development of HTS high stable magnetic field magnet system for MRI (II-5)
—Influence of temperature change during coil excitation
on temporally stable magnetic flux density distribution —
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Fig.1 Schematic view of a GdBCO double pancake coil and
hall probe for magnetic field measurement.
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Fig.3 Variation rate of magnetic flux density as a function of
temperature change 4 7T at each overshooting current.

Table.1 Variation rate of magnetic flux density as a function of
temperature change.

lésial [pPM/h.] AT=0K AT=1K AT=3K AT=5K
AI=0A 4700 4148 1947 367
AI=30A 505 87 87 79
AI=60A 378 383 38 10
SEXH
1. H. Miura, et al.:. IEEE Transactions on Applied

Superconductivity, Vol.28 (2018), Issue.3, No0.4401705
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Development of HTS high stable magnetic field magnet system for MRI (II-6) —
Consideration on non-destructive, non-contact method for diagnostic testing of HTS
pancake coils —
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Tablel. Specification of NI REBCO pancake coils
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Fig.2 Simple Equivalent Circuit Model
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Fig. 1 Schematic drawings of the test samples

Table 1 Specification of the REBCO tape samples

Sample name Critical current (A) n-value
Test sample 1 34 31.6
Test sample 2 23 13.0
Test sample 3 28 22.9
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Fig. 2 Recovery characteristics of the test samples
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Improvement of trapped field of REBCO bulk magnet using 12 K refrigerator
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Table 1. Specifications of HTS coils.

Sample 1 I . A B C
HTS tape material GdBCO ! GdBCO

HTS layer [um] 1.0 ' 1.0

Copper coating [um] - 2.0 : -

Tape width [mm] 2.0 40 ' 2.0 4.0 2.0
Inner diameter [mm] 130 | 130
Number of Turns 20 2 120 22 44
Self-inductance [pH] 157 156 123 139 526

Critical current density

Jeo [X10"A/m?] 3.2 34 2.5
Ic i (0.1pV/em at 77K) [A]  73.4 36.9 E -
n value 24.1 13.6 20
Kim parameter B, [T] - : 0.5
Coil shape Single i Single Single Double
1
10 4 Exp. Sample I'(2rhm-singld) .
= Exp. Sample II (4dmm-single) o .
— 1042 Cal Sample A (2mm-single) el
o Cal Sample B (4mm-single) ’ 7

Cal. Sample C (2mm-double) o~ ,{:E’/

AC loss [W/cycle
=

10} e 1

T S T/ R
Current [A]
Fig.1 Experimental and calculation results of AC loss per cycle

in HTS coils as a function of current.
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Fig.2 Calculation results of maximum transmission efficiency
in WPT system of S-S topology (Coupling coefficient k=0.1).
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Development of novel high temperature superconducting wire for high frequency
and its application to high quality factor coil (resonator)
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© (d)
Fig. 1 (a) proposed wire, (b) conventional wire, (c) copper wire,
and (d) designed coil.
50000 — @77k "
40000 | 45289 |
g
§ 30000 - .
2
= 20000 - .
=
(@4
10000 |- @77K w0k @K S
1506 1141 3163
T e I
Fig.1(a) Fig.1(b) Fig.1(c) Fig.1(c)
Wire Type

Fig. 2 Histogram of simulated quality factor.
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Investigation of starting MgB, powder for the development of self-sintered ex situ MgB, wires
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Fig.1 XRD pattern for the synthesized MgB, powder.
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Microstructure and Physical Properties of MgB2 Bulks using MgB2C2 as Carbon Source
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Fig. 1 Powder XRD patterns of MgB2C> synthesized under
various conditions.
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Fig. 2 Secondary electron image of MngCz powder.
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Fig. 3 Je-H curves at 20 K of MgB1.94Co.06 bulks prepared from
various carbon sources.
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Control of crystal size of dense MgB, bulks prepared by Premix-PICT-Diffusion method
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Fig. 2 Je-H curves at 20 K of MgB1.94Co.06 bulks using
MgB:C: as carbon source.
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Effect of cassette rolling and coronene addition in monocore MgB, wires
fabricated from mechanically milled powder

WE —7&, /NEE H), $aok 220, M H8 (RS0 R o, A P18 (NIMS) ;
WA AR CGERET R ; FIb HF— (FFK)
KODAMA Motomune, KOTAKI Hiroshi, SUZUKI Takaaki, TANAKA Hideki (Hitachi);
NISHIJIMA Gen, MATSUMOTO Akiyoshi (NIMS);
YAMAMOTO Akiyasu (Tokyo Univ. of Agriculture and Tech.); SIMOYAMA Jun-ichi (Aoyama Gakuin Univ.)
E-mail: motomune.kodama.yf@hitachi.com

1. [XL®HIZ

MgB: B FEE A DI b AR 22 UL Th D in situEDOIR
PAEYELLC, Bx ZAN = DN INEOBI R ZED TD,
AH=ANETIE, RUFRRL-D3~ 7 20 LRI
LI O B BR Ak T2l IS I AL, FhaeFREL
7o BE AN LICEV R T2, Fx 1 ZTNET, ZOH]
BRAR 2 I TS XD+ e B S D 2 & CHREHER /2
in situ {EAT ZOG R FIHBRE EY, &5 7R MgB 34
U CENEBREE (J) RNEmEdza@msLz[1], Ll
NG, ZORIBMKL 7D EIIIR 5 Tidid, ZORkHE
FRILB BN T ESLTIMM OF IZKREULFT 5D, A
TRIETIX, AT=INUWRIZE A IR LT, WA
EEam R RN RN OB & IR IEIC 5 2 DR
BRHRLZEEARIETD,

2. EAE

Mg ¥57K (99.8%, <200 mesh), B ¥ 7K (98.5 %, <350 nm),
CoaHiz ¥R (>83%, #3AIR) %, Mg: B: CasHiz = 1: 2(1—x):
X/12 1IZHLTx=0,0.02,0.03 DE/LETEEILVIEAL, B
BRIRB KA LTz, Bk KA~y MEL, SME 18.0
mm, PN 13.5 mm O Fe ‘& ICHEER, #E50.5mm ETHH
ML U7, BN T &, £ TRE5$INT, 54T
NHAEyha— VI T 0.8 mm THIEEZ O @il
72o Table 1 (ZVERIL7-Mb DFELE RS, :h%@,ﬁﬁmﬁ
100 mm OREIIZUIWt4, MgBa 2 ES 27201, RE
600—700°C, H§fE] 3 h OFMTEVLERL 7=, ZNHDOFEHT %
L, IREE 10-20 K(He HA7m—tb—&—THI#), B
3-10 T (A M E) O T CEE M ALV E
TELEHRE AL, 1 pV em ! OBERIELECTER LR
BRI AN IR D MgB2 747 A MEFECTERLC,
JeERHLE,

3 fEREER

Fig. 1 |2, JREE 10 K & 20 K \ZBF2 J OIMEBEYS (B)
VW23 B E R, MMD- 0%& MMDC-0%% ki 4%
L, MMDC-0%D T3 E Je &b DT Eb, Tty ha—ul
TRAA=HINIERM O J. E A THDHZEN b
2o IHIMRRBLER DR B D, 20 J. DWEL, T yha—
VIR TANRTHARE - DA T ARt L Chr 1 [ L Ok &%
B, BMLERE 2R T N R A D D MgB2 74
TR RREND T THDHIEN DI >T-,

Table 1. Specifications of wires.

Specimen Composition  Wire processing method

MMD-0% x=0
MMDC-0% x=0
MMDC-2% x=0.02
MMDC-3% x=0.03

Drawing

Drawing & cassette rolling
Drawing & cassette rolling
Drawing & cassette rolling
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Fig.1 Dependence of critical current density, Je, on external
magnetic field, B. Gray circle, black circle, squares, and
triangles are results of MMD-0%, MMDC-0%, MMDC-2%,
and MMDC-3%, respectively. Solid and open symbols are
results of samples heat-treated at 600°C 3 h and 700°C 3 h,
respectively.
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Development of Cu sheathed high stability MgB, wires by internal Mg diffusion method
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Fig.1 Cu-stabilized mono-filamentary IMD MgB: wires with
different barrier thickness(after the heat treatment).
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Fig.2 I«(Je)-B curves of short wires cut from 100m long IMD
MgB2/Cu wires.
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Fig.3 I.(Jo)-B curves of IMD MgB2/Cu wires heat treated at
different conditions.
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