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Fig. 1. Magnetic field dependence of J; at 77 K of

(Dy,RE)123 melt-solidified bulks.
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Fig. 1 Enhancement of J, of Y123 melt-solidified bulk
starting from Y123/Y211 powder calcined at 800°C.
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Fig. 2 Magnetic field dependence of J. at 40 K for Pt-free
and Pt-added Y123 melt-solidified bulks.
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Fig. 3 Magnetic field dependence of J, at 40 K for Ag- and
Ga-doped Y123 melt-solidified bulks.
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Fabrication and testing of a 30 kA-class HTS conductor (2nd report) (1) Overview
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Fig.1 Schematic illustration of the 30-kA class HTS conductor
sample installed in the large-conductor testing facility at NIFS
(right) together with a photo of the second sample (left).
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Fig.2 Waveforms of the sample current and bias magnetic field
during the second test at temperature 20 K.
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Fabrication and testing of a 30 kA-class HTS conductor (2nd report) (2) Excitation results
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Fig.1 Critical current of the HTS conductor sample measured
at various temperatures as a function of bias magnetic field
(BLc). The current observed in the continuous excitation in Fig.
2 is also plotted.
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Fig.2 Temporal evolutions of the current of the HTS conductor

sample and bias magnetic field observed in the continuous
excitation.
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Fabrication and test of a 30 kA class HTS conductor (2nd report)
(3) Evaluation of joint resistance
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Copper jacket ~ GdBCO tapes Stainless steel jacket

(SUS 316) M6 bolt (SUS 316L)

Problem in the 1st experiment

GdBCO tapes

(Indium films are put CdBCO tapes

Stainless steel jacket gross-sectional view

on joint surfaces) /Copper jacket
Actual layout is 2-row and 10-layer (20 GdBCO tapes haying 10 mm wide)
Length of one joint: 42 mm/1-layer x 10-layer = 420 mm

Joint Region

1410 mm
Fig. 1 Sample's structure in the second experiment
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Fig. 2 Joint resistance depending on magnetic field at 30 kA
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Development of large-current aluminum-alloy-jacketed NbsSn conductors for fusion
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Subcable
(6 SC + 1 Cu strands)
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Jjacket (A6061-T6)

|
| Rutherford cable . )
. I{ (36 subcables) / Pure Aluminum strip
|
I
1

| /
25 mm

100 mm

Fig. 1 Aluminum-alloy-jacketed Nb;Sn superconductor
for the fusion reactor FFHR-d1

Table 1 Specifications of the conductor

Conductor dimension (mm) 100x 25

Cable space (mm) 84.0 x 8.4

Strand diameter (mm) 1.6

Cable type Rutherford

Cabling pattern (6SC+1Cu) %36

Filled material in cable space =~ Low-melting-point
metal, Sn-Bi

Jacket material A6061-T6

Welding method of jacket Friction Stir Welding
(FSW)

Critical current ~200kA @ 12T

Operating current 100kA@ 12T

Fig. 2 Prototype of aluminum-alloy-jacketed Nb;Sn
superconductor
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EIKOBIFEICERL, i ER L3 R, HifAh1 (k) o
BB EEL, 22RO EEFELET,

P

[1] H. Tamura, et al.: Abstracts of CSJ Conference, Vol. 86
(2012) p.103.

[2] K. Takahata, et al.: Abstracts of CSJ Conference, Vol. 82
(2010) p.55.
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Reconsideration of evaluation of balance voltages during a normal zone propagation in the
LHD helical coils.
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1. [XL®HIZ
KIMAY T )V (LHD) O~V LA VZER STV D
HBAREERT, TAI=0 DR ELM DSBS ERRR D F |l
FCEESN TS0, HREEFEORICERELDOT TR
WCEDBEEENELD, ~IANAIANMEHRHNSE L M, O D
3T Oy I EIEN TSI, 15D T 0y 7 THAREETA
ERET 2B, o7 oy 7DNRS L ZEFITITTFHFEEE DL
M END, &7 0y 7 ICH RSN EE L ILF RS s
MBIZE S TREENEARDIEND, RTUABIEESIHT5H
ZEIZHY, WARBERERALE A RE T LN FRETH D, LUAT
DOWENTUE, FIRGEEREOIRPUR Y (FEFE D) BEE
B ORIIZHHITIERE L2280, BB REMEILSE
Told4AfE B EHEEL TV e, EERITIEE RSO el CldE
WAL R T 5 O E RN RN DT728, ~U Lo LT
BRI TOA HRWNERERO i B 056120, K5t
552 TN EARE R ST B E W UI R SE T 7, D
anm}f%k TR ARSI ORI L E BB L CRTUAE
DT ERELTZ,

2. FHEFE

AUV aA )V E R N TN L 2SR SRR & 2 B
DOFERIRTABICE T av / ICBRENDFEETLIT, 57
2y 7 WO BARMEANEDE AR By (ZHBIT 2, ~UT
VA VKR N OBERFONLE BT D1 7 1y 7 O B 2kt
THM 7av /0 B, Doz 1R T, [ &M T ay 70T
VRABEERE 2, ek ey b E, 1 7Oy I RARTE T D ARG
OB TR, VR=e—en/a THZHND,

—77, BWEREEH O A AEREOE OB ARG O R
AL, BT AN TOFENCEY, KR 3 EYF R T
IRITE, FHin8nBB b BRIE B A E TO MRIERER ¢
EARETHIEIZED, FREESEED, By I Ty a LT
FRESNIABTRHENOFE S FEBEDSN SR EHDT, Vg ZFHHET
BIENTED, ZNHD25BYD HIETRO IR A LT 5
LX), PG D5y BELARTEALIE DR E 3 AT RE T D,

3. FHE#ER

MR 7efE LT 14 B HOFEBBEROLAZX 217,

HAR TS R PR L O ER RO > IR D= 1V, T
BHY, NTUREENPLRD T Vy LT 5L, 0=0.7 25 E T
BDHZENIDD, R ABTE B AR R L% OBEE I
1t DB NSO T, Wi ThD, ZOEEFR 1T
HIEZKY, BIRERIEN1E B CAECZZEN N D, ZOkE
BIX, BT o7 af Vo T — 2 OfTIC > TR
FERR2IE—HLTREY, 1B BB LSRN E NI ENDE
M THD, 258 DOFAMRE AR T BV TIREN K E
WERERIY, £ 2 —EHDVR 2SR TR A I pl 3 H &
WO E DS AR E 205 C, REIIFEMEICE L TnbE
EZ NS, BEEOFTEICKY, 2TOWELIELZ L
FEFITOWTIEY BICHET 5,

SE X

1. S. Imagawa et al.:
(2003) 1484.

2. S. Imagawa et al.:
(2011) 2316.

IEEE Trans. Appl. Supercond., Vol. 13

IEEE Trans. Appl. Supercond., Vol. 21

Table 1 Max. and Min. ratio of the magnetic field in the
overturning direction by M-block to that of by I-block.

Turn L8 L7 L6 Ls L[4 L3 L2 LIl

T3 -1.87 -495 64 1.78 Max.
-2.74 -16.7 3.76  1.62 Min.
T4 -1.67 -354 191 236 124
-236  -7.40 584 2.00 1.19
T5 -1.56 -294 746 3.07 145 094
-2.14  -520 -121 240 135 0.93
T6 -148 -2.57 2380 3.85 1.60 0.96
-1.98 -423 -928 286 147 0.95
T7 -142 -236 530 493 181 1.09 0.79
-1.88  -3.64 -2691 333 1.63 1.06 0.78
T8 -137 -220 -621 640 202 1.17 0.81
-1.80 -3.31  -32 3.86 1.77 1.13 0.80
T9 -134 -2.10 -535 8.09 222 125 0.87 0.69
-1.74  -3.09 -17.6 443 190 1.19 0.86 0.67
T10 -1.31 -2.03 -4.81 10.16 237 131 0.89 0.68
-1.70 295 -13.2 491 2.01 124 0.89 0.67
T11 -1.30 -1.98 -454 12.14 247 134 090 0.68
-1.67 285 -11.2 527 2.07 126 0.89 0.67
T12 -129 -196 -439 13.41 252 135 090 0.68
-1.65 -2.80 -10.5 551 211 1.27 0.90 0.67
T13 -1.28 -195 -435 1394 254 136 091 0.68
-1.65 -2.78 -102 558 2.12 128 090 0.67
0.4 Wt<i)=Vp(1+1.6 exp(- 2t/r)) o Measured

1=0. 12s
R, Start _recovery .................

©
w
T

V(t >tey=V(Cye -1/0018 + Cel 102 7
+0.03e{ V15
C1=0.58+1.99¢24/7, C=0.39(1-e-21/7)

©
N

Tap Voltage (mV)
o
N

0 0.1 0.2 0.3
Time (s)

Fig. 1. Fitting curve for voltage drop of the LHD-HC conductor

during propagation and recovery of a normal zone at 11.2 kA,

4.4 K. The distance of voltage taps is 23 mm.

257

10}

o e-eyl0.7

o e-eyl0.8 } exp.

A e/—eM/O.9
""""" t=0.10 s, At,=0
----- t=0.12 s, At,=0
—1,=0.12-0.05sin@

Voltage (mV)

1 1.5 2 25 3
Time (s)
Fig. 2. Calculated normal component of voltage during the 14th
propagation of a normal zone in the LHD helical coil.
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Analysis of Resistance Distribution between Strands and a Copper Sleeve in a CICC Joint
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1. [FL®HIZ

RGP 21 DM~ 7 % Mtk 975 CIC 3R,
ZHOBEERRE LR IRVE D r—T v Ear
Dy ML & L 72D, CIC KR L OEERH (a1 b
TFEO—2LLT, av Yy MNERIBL, F—7 VETE LIS
U728 (R %R 7 2B OGHA) — T\ IR T 5 [Ty 7 Ve
AP IDBH], ZOFIETIE, BIRITER-HAR)— 7D
PR AN AT, Tl A) — 7 MR B i 1L, EAK
WNERDE TR AR ESEEE 52 52N FHASTD,

AWFGETIE, Ty 7 Vat s Mg Loy 7 AR
EL, M-SR — 7 OB i & FRL 7, E51Z,
Fox NERUZHEE FiE21 K0 RO - R E VT,
FR-EHARY — 7 R OIRPU A 2 fRAT L, SRS R L b4
BHZET, BIRN RO HEE TIEO R L A RGEL 72,

2. FF-RR)—T BRSO R

BUEL T3 ER 7 L ORES X% Fig.1 12, 367t% Tablel
ICENEIRT, BHRBRICERY —REBES T HEBD O,
DUt TS 0 B - R Y — 7 R OIRFUE AR E LT, e
VRIRIRA~YD L, TBFEENIL 6 A LLT-,

HERERDOEANT 1% Measured” £LTC Fig.2 121777,
Fig.2 1Y, H-A) — 7 OB AR DAY —ThHI e
Nomd, 728, BIEMEN/NEPERGEL /2 ST BRI
PUEIX 0QEL, ZOLH 7B/ ENT 146 K ThHo7, iU,
FRBA L PGB U TR — 7 il QD &
Bz HND, TOMOFRIL, FAY—7 LI THLIZ0,
F MR A LI, I\ AELZEZZ6ND,

3. RIRENBDHETE

CIC HRITEPEANCHER IR A DENTODT20, n Ik
BT —T L, EOELEFLEL TEEO (- DIRY 7
— T NEWROE DR TAEELRD, $2, R ICEER
Wi (2 3BT, RUCREOY 7 7 — 7 L DA 1L 4 %
LW, £oT, BEFHROEEDOEAZ 2 (28T HERM -
DUNT, BRI D YT A —T W b D% T BB
Ko, K HERRO AR 72, SBIT, RO FEHEAE IS
EENE A, BRI RARIR A B H L7 2],

FAVEAEN T2 s 2 FHO MM 2 AV -CHEE L=
BRI H R D T-HEH 43 A 4" Simulated 1,2° ELT Fig.2 12
R, FARERAAY — T R OBRLEIE L, $AA)—7 EFRBRD
JERE A L L AT o721, £z, SR ORI 72 %
Table 2 127579, Fig.2 & Table 2 X0, HEHI43 AR D M55 T b
P FAREIR SR D T AT S R R<— B L Tn5b, Lo
T, HEE LT RN, RRR-SAY — 7 BHCL A0 O i
WricHshcbbeE 25,

4. FL&8H

VaA Ml E LR T VB O CER A
— 7RI & R LIRS R, R — i 3535
Nize ZHUTKL, Fox BNERLTTIRICIDHEE LI- FHAREL
Bz O CERBR-SR A — 7 BT 0 A 2 R AT L, G SR a bt

BT &2, A —E L7z, ZHIUCkY, FR-A)—7
I DHEHL A AN OHfRBUREIRFL, BRDMITH
W B D RMENDLZEN otz UL EXY, 4%
CIC EIENERD I M 2T DB, Fex BERLI
EARNEBIFOHETE FIEN AN THDHZEDRENTZ,

Copper sleeve
' L 35mm

75 mm E /:/
Ny C Constant current
N Voltmeter M
N\

Fig.1 Schematic view of a measurement sample

100 mm

Table 1 Specifications of sample CICC and a copper sleeve

number of strands 486
CICC strand diafneter [mm] 0.89
cable size [mm] 20.5X24.8
conductor length [mm] 210
Copper sleeve length [mm] 75
Sleeve sleeve size [mm] 18.8X23.0
Indium Sheet thickness [um] 50.0

Table 2 Characteristics of resistance distribution
between a strand and a copper sleeve

/ Measured Sim. 1 Sim.2
Number of
0 O strands 146 148 156
Average [uQ] 0.4006 0.3890 0.3861
Standard
deviation [uQ] 0.3558 0.3465 0.3511

N
(=}

IR Measured
- Simulated 1
C— Simulated 2

Number of Strands
)
S

Resistance between a strand and a copper sleeve[ uQ]
Fig.2 Resistance distribution
between a strand and a copper sleeve.

S5 Xk

(1] e Z, fl.: IR T, Vol.46 No.8 (2011) P.474-480

[2] D.Miyagi, et al.: IEEE Trans. Appl. Supercond. Vol.22
No.3 (2012) P.4802104
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Joint Resistance Measurement of JT-60SA Central Solenoid
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1. 1IZLHIZ SEH

JT-60SA ZEEDH.0Y L /AR(CSIL. NbySn FE#pAE 1. K. Yoshida, et al.: Physica C, 470 (2010) pp. 1727-1733
T —T e e Dy NERE R DR — 2k 2. H. Murakami, et al.: Proceedings of ICEC24-ICMC2012,
%:4’»72%%%%1’%%6[1] TF 2 /L= EF A /LTt~ (2013), pp. 575-578

FROI-ZERICHRBETAMEDHS CS T, BAL—ZT
i CE D \whrads e W TRTES NS,

A MROBEGRBUASERAE CH 2 5nQLL T A 2§
DIEEMER T DI, FER LRI FIETEIELZY T
NN T, YaAfr MBOBEFHRYIERBR % A ARF A7)
TR FE B AR ARA) AL L& B 2R FE AT (NIFS) 28 4k [R] C5-
ML 7=, A%EF Tl SRR PN E R L O RRHC IR L
7=V aA v N D7 = F R OWTHRE 95,

2. KRBT

BRI 1,2 1TRTVaAMiE 2 #EHEO~TEVIE
ﬁ@%/%v%ﬂ%b\fﬁoto TaA MBS RO T 72

BIEY Y7 CHAISNAE L L BEEBRNOHIIEZRD T,
VaA v NI IRE AT AT EREE Y a s MO
BEELT,

AT SHe V2 7 VB AGE LT o7, 4692
SHe {REZZLSEDLZ LT T B EE 4.5K~12K D
THEILTZ, ATV haA vzl TOaA1 2 MBIZOM

ZEIANL ., K 20kA ZiRELREBRE L 7=, Fig.2 Detail view of joint comp;dnent
o BWEAMERS | 59 o+ 45K 5 706
Hefr RPN ERBRI B EE L 0kA 235 50A/s DL Joint (=) ® 45K O 7.0K
TRASHE, RT 5KA, 10KA, 15kA, 20kA TZHZH 200 25 - 8/
FOAR—/LR L, 50A/s DR T SH 72, Beds 0~4T, 5L Operating Condition<

g
o

4.5K OFMBIOEREIRSChDRY: 2T, I 7.0K
TEMLT, RBROME B2 3 1R, WTHOSREICEN
THERAED 5nQLL T4 & T DI LMD DB,

—_
o

Joint Resistance nQ
P

4. DTUFHER

7T FREBL, VaAf MO AT RE IR A I E TS
T EMLT-, Bt 20kA (ZHEEUIRE % LR S8 58E s . ‘
IR FIRERERE R A EE LB EE - H-S W R ET 0 1 2 3 4
ERRERBRA TR LT, W3 2~4T, IREE 8~12K DOFfF T Magnetic Field T
B Eh L7, REROFE A X 4 1279, 20kA OF —H | 1iE Fig.3 Result of joint resistance measurement
BRI RIRRBROME R CTHY | T — 2 1 TEERE T EIR
REBROFER THD, ‘ ‘

4 JOREERIRIEL LAz Trar FRELDEN /Opefa““g Condition 2 20A
MMEL IR D ZEMN DN Tz, ZIUTT aA NN OERSEFEN = B
WU S LR b DE SR DS, SR T ~— |
s 2T, I 20kA 12U T, SHe ikt 3g/s (FH§IT 6g/s) —
DA, 1K BEF T/ FRECRNIERNDI 5T,
AT ABESITND TK OMEERR TG LT 4K D~ —P
NHAHZELERLTEY, BEROK/NMNEE~— U ThHHH
L3KR2NT AR E AR EL, Vaf v MBIT L EL CGEiE T
BDTENDISTZ,

LI ED#ERLD, JT-60SA D CSIZHWB/ Sy haf s M 0
FERRIEAR | R TEAZED DD LT, 7 8 9 10 1 12 13

Temperature K
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Fig.4 Result of quench test
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Specification of the helium refrigerator for JT-60SA
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1. [ZL®HIZ

JT=60SA D~V LG HEEIT, 2012 4 9 AR A&7

REALREDS HEK CAESIL, 11 HICHHZERIO 2 FHEI S 7=,
JT BOSA ~U MEHHI T 23— LRR 72 AR a— LR
Ry 7 A(ACB), ~V LJERMEE T O B HT ARTRE THERR
SNB(Fig. 1), BEFEEZ M T 2720~V AEAERK
T— LR 7 2035 60 m BEN /- PTIC R E T2,

JT-60SA U7 A BEAITABIRE A L LA VA EY),
EIRBGEERY—F, =< — R BLOTTAFR
TR HIL, 4.5 K THI9 kW OB BREE a1, AT
TIEL JT-60SA ~UTAG RSO EERE S B D AT
22— U ZOWTHET5,

2. EARERE

JT-60SA VHEEIE Fig.2 1R X912, ACB IS
3 OOREERA~YT L)L —T(CP)Et D, CPL (A% /L
B )U(TFC)EaA 4% 0.4 MPa(G), 4.4 K, 876 g/s
DFBEGFAVT L THHIL, CP2 1310V /A R(CS) & KAl
WA /L(EFC)% 0.4 MPa(G). 4.4 K. 960 g/s DGR~V
T A THHEIT 5[2], CP3 1% 0.4 MPa(G), 3.7 K, 270 g/s D
RNV DNCTITAA R T o T D, 3.7 K OIS ILHE
IREAR S 7 (VLP) TR AN D& L TS5, —~ /L
— I R(TS)EEIRBEEERY —RHTS-CLIX, £HZ11 80
K. 1.4 MPa(G), 404 g/s } {50 K. 0.4 MPa(G). 25 g/s DE
HE~UTDH A THHT S, 80 K ITIRIKZEETHAGT D720
RS —E L OFIL 3 B TREEFS TV D,

FT TR OV AEIRICKI LT, Tm® DIRIEA~TT Ly
T 7 EFIAL T AR~ O BB 25— BT 5
TR0, 400V OAREILIEHEHE VA2 & TR A% B
L7z, JT-60SA O~ AR RA TR 3.7 ton IZEEL, W
BED AT F 0 AHET 1500 m?, 1.4 MPa(G) DAY LT AL
TN DR NTET D,

3. AEBESD

Table 1 1R ED1E, 4.4 KIBIREaA NV DA IIR T
ATTEE D CTERK 3.2 kW THY, RHEIC 80 K h—~/Li—
JVRIE 35.58 kW £725, ZaUZ 50 K miEBREE R —RE
3.7 K VAR T OB EIMNZDHE, 4.5 K FHY EA
I LERE T 5.62 KW, iR EMER KT 8.67 kW IZ3ET 5,

ETOFREHENFIRFIZ i K2 L DR IT/ NS | i
HRENOLUVMEZRFHICE B L, REE L2, 2070 E
K1 L O K /MBI LBy T L a3 458 A L. 99%
FEJEDEVERTEL T 7.91 kW 24572, ZHUTR 7 EEN
ZT-EEHY 9 kW 23 JT-60SA IOV TAE ) L7205,

4. SHODRATC1—)L

JT-60SA HfkIL 2014 4 3 HICRHE 252 TL. BT
RGBT D, 2015 45 4 AR 7 JIREAE IR BRI F0 AT | iy
EEhicte, REEFGT 5, RiERL. N 1 FHORE L
T 2016 42 10 AIZ5ERT DT E THD,

SE3
1. F. Michel,
(2012) p.78

et al.: Advances in Cryogenic, Vol. 57A

2.

3.

TEION KOGAKU Vol. 46 No.1 (2011)

K. Kamiya, et al..:
p. 10

M. Wanner, et al.:
(2011) p.1511
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Compressors

<

(He gas
storages”

Fig.1 An isometric view of the helium refrigerator system
for JT-60SA

He Gas Storages

 G—
— >
— >
VLP —C_—_ >
I—D%[ Compressor _G:
( Cold Box @
[ LN2
[ Y & 3 _‘\
\ =) ACB
c» CPl? CP?.?
Cryopump TFC,Stucmre CS,EFC T5 HTS-CL

Fig.2 Schematic of JT-60SA helium refrigerator

Table 1 Summary of cryogenic loads of JT-60SA

Cryogenic loads nit Nom Max 99 %
including AP b load load Confidence
80 K heat load kW | 35.58 | 44.49 | 42.00
50 Komass flow |\ o1s | 950 | 25.0
rate
4.4 K heat load | kW | 3.20 4.18 3.64
3.7 K heat load | kW | 0.071 0.085 0.082
4.5 Kequivalent |\ 1 560 [ g67 | 7.91
heat load
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