3B-a0l

=5 MRI SR

Y MRI

EREMARREDOER (15 7N

—EW -
Progress in the development of an HTS magnet for ultra—high field MRI (2015 autumn)
— Project status —
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Progress in the development of an HTS magnet for ultra—high field MRI (2015 autumn)
—a small size 10 T class HTS coil—
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Fig. 1 Stacking orders based on the coil [ at 77 K: (a)
ascending order (b) symmetric order and (c) the latest
stacking order with the improved single pancakes
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Fig.3 Screening—current field at 10 K: (a) ascending order with
166 A and (b) symmetric order with 178 A
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Progress in the development of an HTS magnet for ultra—high field MRI (2015 autumn)

—a conduction—cooled 1.5 T REBCO MRI magnet—
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Progress in the development of an HTS magnet for ultra—high field MRI (2015 autumn)

— Numerical evaluation on irregular field by screening current and field homogeneity
in REBCO Coil for 9.4-T human—whole—body MRI —
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Fig. 1. Schematic of coil system and Distribution of radial component
of ideal magnetic field. Dotted line show the 400-mm diameter of
spherical volume.

Table 1. Specifications of HTS tape

Width 5 mm

Substrate 78 pm

Thickness REBCO 2 pm
Copper 20 um

Table 2. Specifications of model magnet

Coil 1 Coil 2 Coil 3 Coil4 Coil 5 Coil 6

1.213 1.000 1.125 1.000 1.000 3.869

1.668 1.348 1.380 1.443 1.485 3.978

Number of turns / SPcoil 474 363 265 461 505 114
Number of SP coils 36%2  2x2 36x2 10x2 34x2 32x2

Gap between turns (mm) 0.36

Inner diameter (m)

Outer diameter (m)

Gap between SP coils (mm) 1.0

Gap between split coils (mm) 111.7 607.6 805.2 1306.6 1460.6 1406.3
197.8 257.0 2222 2182 213.0 -288.0
Magnetic field @center (T) 9.381

Operating current (A)

Table 3. Results of field homogeneity

Design Analysis Screening-
current
model model
model
Magnetic field at center (T) 9.381 9.392 9.381
2" order homogeneity (ppm) -2.399 9.313 125.8
4™ order homogeneity (ppm) -9.934 -11.04 -41.13
6" order homogeneity (ppm) -9.874 -9.723 -10.14
8™ order homogeneity (ppm) -10.03 -10.07 -9.006
10" order homogeneity (ppm) 1.640 1.643 1.460
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Conceptual design of superconducting magnet system for DEMO reactor

— Basic design of superconductor and superconducting magnet —
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TF coils
Fig.1 Superconducting magnet system (TFCs, CS, PFCs) for
DEMO
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Table 1 Main parameters of TF coil for DEMO and ITER

ITER DEMO
SC strand Nb,Sn Nb,Sn
Number of TFC 18 16
Bl 11.8T 13.7T
Total magneto motive force 164 MAT 230 MAT
Design stress 667 MPa 800 MPa
Number of turns per TFC 134 228
Conductor current 68 kA 63 kA
Inductance per TFC 0.98 H 3.75 H
Total magnetic energy 41 GJ 149 GJ
Overall width 9m 14 m
Overall height 14 m 20 m
Thickness of TFC 0.9 m 1.7m
Conductor length per one turn ~35m ~52 m
Total weight of TFC 5400 ton 11800 ton

4.CS
CS R ITER-CS ERZER—RL LT —T NAa
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Magnet Design for the Helical Fusion Reactor FFHR-d1 with 100-kA HTS STARS Conductor
B _EF9 (NIFS); ik 18 (BLR) ; SFias il GRFR) s ¥ H B, BT 1=, =75 F14T,

T8 R 55 (NIFS); 5 IUF5 ] GRAEKR)

YANAGI Nagato (NIFS); ITO Satoshi (Tohoku Univ.); TERAZAKI Yoshiro (Sokendai);
HAMAGUCHI Shinji, TAMURA Hitoshi, MITO Toshiyuki, SAGARA Akio (NIFS); HASHIZUME Hidetoshi (Tohoku Univ.)

E-mail: yanagi@LHD.nifs.ac.jp

1. 1EC®HIZ

BERA BB ZE AT (NIFS) Tl ~Y A VIR A 4R O
BEREEED Q0D ISR EL CTED QWD BIE DR
FFardDHh, FFHR-AIA CIEHBIRE~ 7 Ry b AT LD
MR T FRILT —D3~160 GI IZK 5, /NUEEHO FFHR-cl T
13~130 GJ THD, WIid 3 WooekaELic~ULaqn
(RBIT dl: 15.6 m, cl: 13.0 m) 1Z1%, FEIEA & 100 kA
OEARNBEREND[1,2], 1&%@@Uaoabfrjmﬁﬁfiﬁ
(HTS) ERZ ML TD, HTS BRI A e &<,
JEFVAT R TEDLEELIZ, B R~ D va e
5 OER OB Lo TRUYETE A2 HA[1-3],

2. FFHR-d1 AUYA)LaAILD HTS BIRREHERFE

FFHR-dl O~V H VI ERATAZEZBELTWD
HTS #{RiL, T — 7Tk YBCO #brZ B L=
STARS( Stacked Tapes Assembled in Rigid Structure) AT
BD, MM EED N EAT UL A Yy bO RIS S
Z L TCHEB A BRE I TR DI LR T D, $V v vhe
AT UV AV YTy MORICBRMEE R T AT VLAY v
v hOSMANE MR S D R LR T T A [2], ZOE KA
YTV IE Y F 57 (<30 m) T ONERBH G T 52 & TRIBREIT
MERTHD, TANVEKFHENATLTNIFS EHRIL K- & 1=
HLX— TEHEIEOILFERFIEIZLD, 100 kA FLERY 7
IVDRNELRBREIT > TNB[2, 3], AREERTIZ 7 V758
GdBCO ##4 (1 10 mm, E& S EIE~600 A@77 K. s.f.) % 54
R L CTHIY v 7y MDD | AT UL AV v ry R L b
KD TH, FRP ICLDWEE L7, P 7 i — AR
S TEIRTC, EARE O A AN B K22 TR S Rk~
Voo Vaf v Me ANNAHZETLH—2 —T 2L, SN
U B LS CEREFHRE L, IR 20 K, 8435 5.3 Tk
WCHEHE 100 KA 2Rk 5 L8012, I 4.2 K TIEER 100
KA Z1RERAREF T 22 L2 B LT2[2], 1 kA/s D Endfibfglz

BOWTHRH 7= F 2l 2§ Z L2 i B £ TR E T RE
ﬁ% Ea R R SR ARAT I KRR LT [3], FTo, B2

GeahiE 1.8 nQOIRIRHTA FBIL 72 [4],

3. VIVUFRELAH

HTS STARS K% AV =AU BRSO CRit
L., SR W o REE L, FEAEBITE, BRO Ry FAR Y MNEE

R T D, BUEEDTH S MaHicds ¢ IR ESL 30
OEA TRy AR Y MEE <150 K Iz b s R
TW5, __f BRUNATE T NS =% B, 1=
ANNZHDE 15 BT HIET, BAEBTEEZ3 KV IZIMZDHD
LH[RETH D,

BAEAR D AN T AT LA 2% WD J:Mﬁﬁbm\
By ANV AA AN T LR R R
BRBTHY, h—FANMITHLL, & AR~500 W/m? }:72650
OMAITIE I R~100 W/m3, ) 23T, ERBEGET DY 2 — L
FEEDIMAESND, EARO DY FH] ﬂ#%éﬁ:ﬁ:é:}:f‘ﬁﬁ‘:
T OB ETF v N EGTHIEEHZZ D (Fig. 1), E

— 189 —

RFLE T — E W AR | WriE 5 1R Om AT v v
95, ZOREET, BIEDO KRB~V VR LHD O~UH
AL OBERUHEC TR THA[5], B FH T v v
1T —2H -0 DEAREFED~8.4 mm THY, ~UH/LaAf LoD
T EmEEA D, EEaHn0sToE =T ARMIEZ @D
ATRE~18 m &72D, ZDERG TR R~25 W DOFREVE I £
HRENRHY, AOOIRE 10 K, £/ 200 kPa, H OEE 20
K&T 58, MEREIL~0.5 g/s THY, FEITHEKIT~1.4 kPa L
METED, ZOHH . 5OV DL EIL~4
kg/s &70%, IE—RRIEEN AL ZRED WA FREE O A HNZ S
WC, Atk Bl R RIS LA REIRNT A1 T3 I CTh B,

\
\
\ Longitudinal

Transverse Cooling Channels

Cooling Channels

Fig.1 Schematic illustration of the FFHR-d1 helical coils with
windings consisting of HTS STARS conductors. Cooling
channels for helium gas are formed by conductor corners.
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A conceptual design of helical winding with the react-and-wind method.
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Fig. 1. Mockup for winding a helical coil with CIC conductors.
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Fig. 2. Torsion strain and bending radius of the helical coil of
FFHR2m2b for the conductor radius of 0.021 m [1].
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Fig. 3. CIC conductor sample for twisting tests.
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Research progress in methods to analyze and improve joint performance for a remountble
high-temperature superconducting magnet
(1) Evaluation of magnetic field orientation dependence of joint resistance
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Fig. 1 Experimental set-up.
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Research progress in methods to analyze and improve joint performance for a remountble

high—temperature superconducting magnet

(2) Reduction of joint resistance by temperature control during fabrication of a joint
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Development of HTS Accelerator magnet (4-1)
— Design of a chromaticity correction HTS sextupole for SuperKEKB interaction region —
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Fig. 1 Cross-section of the R&D sextupole magnet
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Fig. 2 Standard deviation of the normal and skew harmonics
a, and b, of the normal sextupole coils with random
displacements of 50 or 100 pum.

Table 1 Design parameters of R&D Sextupole Magnet

Parameter Value
Bore radius 40 mm
Coil length 200 mm

Yoke radius(inner, outer), length
Normal sextupole
Coil width (inner, outer), height

160, 200 mm, 200 mm

38.4, 84.0 mm, 9.0 mm

Number of turns 112 x 2 turns
Operating current 257.6 A
Max B// on the conductor 227T

Max B.L on the conductor 130T
Stored energy 2.1kJ

Skew sextupole

Coil width (inner, outer), height 76.6,94.0 mm, 4.5 mm

Number of turns 43 turns
Operating current 259.5A
Max B// on the conductor 0.71 T
Max B.L on the conductor 0.60 T
Stored energy 0.13kJ
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Table 1 Specifications of test coil.

Tape width (with insulation) 5.06 mm
Tape thickness (with insulation) 0.182 mm
Inner diameter 50 mm
Outer diameter 69.7 mm
Height 11.7
Turns 50 X 2
Tape Length 10m X 2
Coil Z, @77K, s.f. (107 V/cm) 101.1 A
Coil n @77K, s.f. 30.8
V14-15 (3cm) .- Heater
- NiCr(4 X 8mm)

39turn
2™turn

(Splice)

Fig.1 Location of a heater and voltage taps.
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Fig.2. The hotspot temperature of the coil after quenching for
certain detection conditions.
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Fig.1 Schematic of simulation model.
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Fig. 2 (a) Experimental and (b) simulation results of quench
test at an operating temperature of 50 K and with an coil
current of 105 A.

Table 1 The hotspot temperature of the coil after quenching
for certain detection conditions.

Experiment Simulation
40 mV 60 mV 100 mV 40 mV 60 mV 100 mV/
10 ms 102K 119K 145K 111K 122K 149 K

50 ms 119K 137K 166 K 125K 137K 168 K
100 ms 142K 163 K 197K 146 K 160 K 193 K
S5

1. K. Tsuchiya et.al., Abstracts of CS] Conference, Vol. 92
(2015) 3B—p01

2. S.Fujita et.al., Abstracts of CS]J Conference, Vol. 92
(2015) 3B—p02

— 196 — 92 20154 BERKFRIR T2 - BHEA R



3B-p04

g HTS < 27 4 v b

IER HTS YT Ry b DEFHE (4—4)

— ReBCO E{AMD 4.2 K [ZHIT5E

E/ﬁ@/ﬂ“ﬂi -

Development of HTS Accelerator magnet (4-4)

— Ic measurement of ReBCO conductors at 4.2 K —

gk BT (EAX); LB IR, F5 B, 2Rl B3 i LE (KBK); RIAR sk, @R 2 (EEX);
g AL (NIMS); jEH HE=], KR Mk, e it 0V 72)

SUZUKI Keiko (Sophia Univ.); TSUCHIYA Kiyosumi, TERASHIMA Akio, TAWADA Masafumi, MASUZAWA Mika (KEK);
NORIMOTO Kazuki, TAKAO Tomoaki (Sophia Univ.); KIKUCHI Akihiro (NIMS); FUJITA Shinji, DAIBO Masanori,
IIJIMA Yasuhiro (Fujikura)

E-mail: kiyosumi.tsuchiya@kek.jp

1. [ZC®HIZ

JTAE, CERN ZH10& LT LHC MNEZED I o Z i, 100
TeV 7T ADOF RIS Future Circular Collider (FCC)
DR IEESTND, T TRELINDI 7 HES~
Ty NE16-20 T D248~ 7 %y NTHY | BURE 5L TIE Nb,Sn
D16 T~ FwhE HTS O 20 T =7 %y hO 25 03MeEMR I -
FHNTWD, 5% INOORA BN RAICHED B L
HELTNDN, Fex ITZEDFHE —#HLL TReBCO EIRD 4.2 K
ZRT DR S BT E O 5 A BR LA L T2, AR TIEEOH|
TE DM LFL I 5 TR TV IOV TS 95,

2. ERRERDAIE

SuperPower &7 750 A FEFAD ReBCO & {RA HE LT,
FEERIZE A L7Z ReBCO SEAKDEE T4 Table 1 (2R3, £z,
WE AR —VE —I%, mERY FTO o Fiika RLa7-01C
U BIDR— )V E =% & LTz, R—LZ —D /N8l % Fig. 11
eI

le WENL, 0 T ~18 T O#iPH TR A A (LS TYTo72,
TRARAIT DT HIL TS0, HIERE L, 4.2 K TH D,
BT NOEZIZ190 mm, EEX Y7V, 3 PTHE L, &
EXy T ONLEERS% Fig. 2 12737, V25225 mm .,
V118=118 mm, V3=153 mm ThD, B EFIL. V25 Zv 7
WCBITBERN 1 uV/em STz DS LTz,

Table 1. Specifications of ReBCO

SuperPower-AP SuperPower-CF FYSC-SCHO05 FYSC-SCHO04
Width (mm) 4.00 4.00 5.00 4.00
Phickness 0.094 0.094 0.120 0.120
(mm)
Cu Stabilizer 10 10 10 10
(um)

>
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Bext
Fig. 1. U-Holder Fig. 2. Voltage tap
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Fig. 4. /Ic -B at 4.2 K for
Fujikura wires.
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Development of superconducting magnets for LHC luminosity upgrade (6) — 2 m model
magnet fabrication
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Fig. 1 Exploded view of D1 magnet
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Development of superconducting magnets for LHC luminosity upgrade (7)
- Development of 200mm long mechanical short model (2)
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Fig. 1. Picture of 200-mm-long mechanical model after the yoking

Table. 1 The results of the coil stress and yoke strain at the fabrication
processes.

Collaring Yoking Insert Shell Cooling
Lock—keys Welding @LN,

Coil stress 5.1 71.6 704 704 57.7

Calulation @1.9K
[MPa]

ColarMPa] | -01 765  67.7 630 396
Yoke[ 1 €] 902 542 685 921
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Fig. 1 Schematic view of the insert coil. VT shows voltage taps.
VD means voltage between VTs.
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Fig. 2 Voltage on upper part of the insert coil from the center.
The coil was heated at zero sec by the inductive heater.
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Characteristics of current sharing temperature of ITER CS insert conductor
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Conductor joint CS insert (CSI) coil

Top flange

Tie rods (Rod #1~16)
Bottom flange

CS Model Coil (CSMC)

Gonductor joint

0: Strain gauge(coil) [0: Strain gauge(tie rods)

Fig.1 Schematic drawing of CSI Coil and CSMC
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Fig.2 S(Strain)-N diagram at IM condition

Tie Rod #1

——#58-1 Strain : 3 cycles
—#-#67-1 Strain : 50 cycles
—a&—#72-1 Strain : 200 cycles

© #76-4 Strain : 501 cycles

O #79-1 Strain : 1000 cycles
—@-#84-1 Strain : 2004 cycles
~—#90-1 Strain : 3002 cycles
—A—#96-1 Strain : 5001 cycles
--@- #106-1 Strain : 5003 cycles
" —&—#116-1 Strain : 8002 cycles
[ - #123-1 Strain : 8004 cycles
i —A—#131-1 Strain : 10003 cycles
—O—#139-1 Strain : 10006 cycles
—&—#150-1 Strain : 13002 cycles

© #160-1 Strain : 16003 cycles

-1~ #180-4 Strain : 16013 cycles
s~ #185-1 Strain : 16017 cycles

< #187-1 Strain : 16018 cycles
—@—#194-1 Strain : 16021 cycles

Fig.3 Strain distribution of Tie rods at IM condition
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Test Coil (CS Insert)

CS Model Coil Test Facility

Cryogenic System

__ | He Refrigerator / Liquefier
5 kW at 4.5K or 800 L/hr

L | Cold Circulation Pump
0.8kg/s at 4.5K 0.6MPa

Liquid Helium Tank
20,000 little

CS Model Coil

Insert the test coil
into the CS Model Coil

DC Power Supply System

0S Insert Coil Protecti DC Power Suppl
. oil Protection wer Supply
. ;\%tumaldﬁ?“::;ductor 'I -50KA, 10KV "I “50 kA, 15V
= 45 m height
* 40 m conductor length ____I Coil Protection __I DC Power supply
- Single layer, 9 turns ID: 1.6m Current 46 kA “7OkA, 1.5kV T0kA 12V
OD: 36m  Field: 13 T
Height: 2.8 m

Fig.1 Test Coil and Test Facility

Compensation Coll

Insert Coil

Bottom

B [nductive Heatar -4
iﬁ( Temperature Sensor: 8
A\ Strain gauge i)

QO Voltage Tap: 23 taps
’ Star Voltage Tap : 6 pairs

Fig.2 Instrumentation of the CS insert coil
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o .
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Fig.3 Temperature properties during warm-up
and cool-down of CS insert only (WUCD).
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Fig. 1 A picture of CS Insert Coil (CSI) at the
installation (left) and inductive heater sample for the
calibration test of its heating energy, which has the same
winding geometry with the CSI (right).
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Fig. 2 Inductive heating energy calibration test
result with the heater sample shown in Fig. 1
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Fig. 3 Temperature transition of the CSI after
inductive heater shot at I]zdt=1474[Azs].
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