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HTS magnet R&D project for ultra—high field MRI (2016 spring)
— Project overview—
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—test results of a conduction—cooled 1.5 T REBCO MRI magnet—
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Fig.1 Photograph of a conduction—cooled REBCO coil

Tablel Inhomogeneous magnetic field over 200 mm DSV

Name Initial values  After passive shim

7 -314.8 0.1

X 223.1 2.5

Y -45.1 2.0

Z2 579.6 4.3

7X 68.2 0.5

7Y -3.2 -0.1

X2-Y2 40.7 0.9

XY 1.2 -0.7

73 34.0 0.2

74 -90.0 -3.1

75 14.1 1.2

76 -8.2 -0.9
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Fig.2 Behavior of magnetic field relaxation observed in the
1.5 T-MRI magnet (a) without current reversal and (b) with
about 1% current reversal
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HTS magnet R&D project for ultra—high field MRI (2016 spring)
—Design of a conduction—cooled REBCO magnet for 9.4 T MRI system—
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Fig.2 Two—dimensional axisymmetric drawing of coil positions

Tablel Inhomogeneous magnetic field over 400 mm DSV
Name 72 74 76 78 710 712
-0.83 5.09 3.38 3.65 -10.9 1.67

Value (ppm)

X 5 Gauss line

Fig.3 5 gauss line of 9.4 T-MRI magnet
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HTS magnet R&D project for ultra—high field MRI (2016 spring)
—Reduction technique of Irregular Magnetic Field Distribution

Generated by Screening Current in Multiple REBCO Coils—
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Fig.1 Schematic layout of the multiple-coil model and
measurement point (1)—(5).
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Fig.2 Hysteresis of magnetic field generated by screening
current at Hall probe (1).
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Fig.3 Experimental and numerical magnetic field generated by
screening currents with overshoot of 56.3%.
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HTS magnet R&D project for ultra—high field MRI (2016 spring)
— Optimal configuration design and numerical evaluation on irregular field in REBCO coil
for 9.4-T human—-whole—body MRI -
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Fig. 1. Cross-sectional drawing of optimal designed 9.4-T MRI
coil.
Table 1. Specifications of model magnet
Coill Coil2 Coil3 Coil4 Coil 5
Inner diameter (m) 1.115  1.019 1.000 2436 2297
Outer diameter (m) 1.560 1.219 1.291 2567 2.297
Number of turns / SP coil 314 156 225 101 77
Number of SP coils 50x2 42x2  106%2  60%2 66x2
Gap between turns (mm) 0.550 0.482 0485 0488 1.595
Gap between SP coils (mm) 0.8
Gap between split coils (mm) 92.590 694.82 1099.5 134.76 1938.5
Operating current (A) 253.717
Magnetic field @center (T) 9.381

Table 2. Irregular magnetic field.
Order 2 4 6 8 10
Inhomogeneity (ppm)  11.001  11.592  -5.671  -22.260  4.866
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HTS magnet R&D project for ultra—high field MRI

(2016 spring)

— Development of REBCO coil system premised on commercial reality —
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Degradation of paraffin— and epoxy— impregnated layer-wound REBCO coils in high fields
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Table 1 Coil parameters

Parameters Paraffin (#2) Epoxy
Coil i.d. / o.d. (mm) 40 / 68 79 /81
Coil height (mm) 210 93
Total number of turns 3850 92
Number of layers 76 4
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Cold storage of the conduction—cooled REBCO magnet in case with loss of cooling function
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Table 1 Specification of REBCO coil

Heat-

msulatmg

barrier

Al plate A—

REBCO tap{IIIII

Al plate -\—

Polyimide
tape coated
with fluorine

resin

Electric field (V/cm)

Fig.

Temperature (K)
N
o

Parameter Value
Tape width (mm) 4
Tape thickness (mm) 0.1
Tape /[, (77 K, s.f.) (A) 98~134
Tape length (m) 244
Inner diameter (mm) 200
Outer diameter (mm) 258
Straight length (mm) 280
Number of turns/pancake 190
Number of pancakes 4

Stainless

steel case

A

GM cryocooler

Epoxy resin

Al plate

REBCO coil Stainless
steel case
_________ /7
Fig. 1 Schematic of REBCO magnet
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Fig. 3 Cold storage characteristics of the REBCO magnet
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Table 1 Specifications of 700 kA racetrack coil
Number of turns 2800
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Fig.1 Schematic of coordinate to define the strand positions
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Fig.2 Contour plot of maximum bending strain distribution of
reacted MgB2 wire as functions of coil diameter and twist
pitch of co—axial twisted conductor.
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Thermal Stability in No—Insulation REBCO Pancake Coil
—Evaluation Experiments on Local Normal Transition Characteristic—
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1. K.Katsumata, et al.: Abstracts of CSSJ Conference,
Vol.92 (2015) P.93

Table.1 Specification of No—Insulation REBCO pancake coil

and pick up coil

-0.005

1.0

REBCO Overall (mm) 4.02
Conductor  Copper stabilizer thickness(um) 20per
Tape Ic @77K, self-field (A) >115
NI i.d; o.d (mm) 60
Coil Height (mm) 4.02
Turns 60
Coil Ic @77K, self-field (A) 55
Contact surface resistivity (uQ « cit) 136
Inductance (H) 0.435
Pick up i.d; o.d (mm) 60
Coil Turns 100
0.04 12.0
0.035
10.0
0.03
Beenter 4.7W 8.0
Eﬂ-m + Beenter 8.0W -
F + Bcenter 10.0W E
E 002 Heater 4.7W 608
0.015 ——Heater 8.0W E
— -Heater 10.0W 4.0
0.01
2.0
0.005
[ 0.0
0 5 10 15 20 25
Timel[s]
Fig.2 Attenuation of magnetic field
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0.025 : : 7.0
E ) | = = Heater
3 om ! ! 60z
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> o0 : " 40
g ! !
0.005 ! : 3.0
I 1 f \
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Fig.3 Detection voltage of pick up coil

0.0
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Current Distribution Simulation of No—Insulation REBCO Double—pancake Coil
on Local Normal—state Transition by PEEC Model
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TABLE I
SPECIFICATIONS OF REBCO TAPE AND COIL
Parameter Value
REBCO tape
Tape width [mm] 4.0
Tape thickness [mm] 0.096
Copper stabilizer thickness [um]  20.0

Superconductor thickness [um] 1.0

Ic@77 K, self-field [A] 115.0
Coil

Coil i.d, 0.d [mm] 60.0, 71.5
Number of turns (each layer) 60
Contact resistivity [uQcm?] 70.0
lc@77 K, self-field [A] 47.0

NOGUCHI So (Hokkaido Univ.); ISHIYAMA Atsushi (Waseda Univ.)

TABLE II
SIMULATION CONDITION
Parameter Value
Operating Current [A]  37.6
Azimuthal division 32
Analysis time [s] 51.0
Time step [s] 0.1

(55

Bl 0.0

38.0
36.0
34.0
32.0
30.0
28.0
26.0
24.0
220
20.0
18.0
16.0
14.0
12.0
10.0
8.0

6.0

4.0

2.0

0.0

Normal-state
transition

Fig. 1. The azimuthal current distribution at 0.1 s after the
normal-state transition. (Not to scale)
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5 3850 | SN\ ee--. Lower
= /N
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= __4’ (N} ‘~_-~
2 37175 1_‘_/:.:.\_:
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Fig. 2. The azimuthal current of each turn on pancake coils
at 0.1 s after the normal-state transition.
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1. X. Wang, et al. “Turn-to-turn contact characteristics for an
equivalent circuit model of no-insulation ReBCO pancake
coil,” Supercond. Sci Technol., vol. 26, no. 3 (2013), Art. ID.
035012.

2. T.Wang, et al “Analyses of Transient Behaviors of

No-Insulation REBCO Pancake Coils During Sudden
Discharging and Overcurrent” [EEE  Trans. Appl.
Supercond., vol. 25, no. 3 (2015).
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Visualization of Hotspots in a REBCO Coil Using Cryogenic Fluorescent Thermography
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ISAT YA —FFER L R LT 16bit SCMOS AT
FoTAA=V T LT, 77 K, Bl T, sElEEE Y —
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7ot 1.91, CHUOY—/LR LT,

Table 1 Specification of a single pancake REBCO coil.

Inner diameter (mm) 96
Outer diameter (mm) 156
Height (mm) 4.1

Number of total turns 101

3. ERHERRUEBR

PS4 D REBCO AW 2T, Fig. 1(@IZRd 49
12 AL TNDEE X DNDEFIT T, TARF BT L
72 Lo T B ERBEEFORYINARY N TIE 2L
200 CLLEFTIRE FRLEEEZBND, Fig. 2 (2, H{bik.
77 K. ¥l F comERROMERE R, 21V [, TH
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1.9, THOKR—/VRUIZRE, BVEENEIY, A/ VEEIT
4-10 Z—> O EIBEICIRE LTz, LT, LT 4-10
=N TWAZED RS, Fig.1(b) THFHMES
Ni-thpTe—3% LI, Fig. 3 IV —F7F774—I12L->THES
AU B IRBETEL R (170 s) MREBCO A /VICHITHIRE
AR T, 0.5 K BREDIRE ERNHESI, HFEIR
L= b s — Uiz, L ED, FERIE COL{b & R
BRI LT EE 2 HND, R TIL,  IANVNOFEES)
i B EVGERICHOWTIRE T 5T ETHS,

Fig. 1 Picture of (a) whole shape and (b) degrt n area of a
single pancake REBCO coil. A black solid line in Fig.1(a)
shows the outer frame of Fig.1(b).
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Fig. 2 Time development of current and voltage in the REBCO
coil with an overcurrent.
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Fig. 3 Thermography of the REBCO coil with a hotspot during
the hold mode.

BE AU ITIL R A 5T & A B 4 (25246032,15H03586,
16K20898,50736080) D X 4E 42 17 TiThELI,

SZ#K 1. S. Awaji et al., IEEE Trans. Appl. Supercond. 24,
4302005 (2014).
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Quench analysis of a 13 T superconducting magnets with a 700 mm bore.
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1. S. Imagawa et al.: Plasma and Fusion Research, Vol. 10
(2015) 3405012

— &% N;%f/ Bolt Nb,Sn coi
el Maximum field (T) 13.0
i [T Spacer Stored energy (MJ) 12.0
i Self inductance (H) 18.0
m SC12u Cu/SC ratio (-) 0.8-0.9
“ SC13U Operating current (A) 765
[t SC14U Weight (tons) 1.9
[ sc21u
I [l _SC22U —
7? SC23U NbTi coil
f~sc 1oL Maximum field (T)  6.73
H-sc13L Stored energy (MJ) 225
M e cqar Self inductance (H) ~ 54.2
;‘ ||" T"sc21L Cu/SCAratio -) >2.2
A T sc22L Operating current (A) 765
T sc23L Weight (tons) 2.9
wEy Bmax: 13T
Fig. 1. Cross-section of the external field coils.
Normal Power supply [} 1 ]-60~+60 v
operation | YA1 LN Jiey, (Max. 765 A) $A2
1 0.6Q 0.6Q B 0.6Q 0.6Q
DC breaker i _‘N\':EM'—K'

120102 Cryostat 109129

21U 22U 23U

21L 221 23L

; Nb;Sn upper coils  Nb,;Sn lower coils NbTi upper coils NbTi lower coils |

Fig. 2. Quench protection circuit for the 13 T-700 mm setup.
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Fig. 3. Calculated currents and temperatures during shut off after
quench in SC12 (a) and SC21 (b).
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Fig. 4. Quench analysis when breaker B is not opened.
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