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Table 1. Specifications of Type HT-NX.

Type HT-CA  Type HT-SS  Type HT-NX

Status Commercial Commercial Released
Material Cu-alloy Stainless Steel Ni-alloy
‘Width (40.2 mm) 4.5 nm 4.5 mm 4.5 mm
Thickness (+0.03 mm) 0.36 mm 0.30 mm 0.31 mm
I, (77K, s.f) (170 A), 180 A, 190 A, 200 A
Critical Tensile stress (77 K) 250 MPa 270 MPa 400 MPa
Critical Tensile strain (77 K) 0.30% 0.40% 0.50%
Critical Bending Dia. 60 mm 60 mm 40 mm
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Fig.1 [, distributions of the Type H and the Type HT-NX wire.
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Fig.2 I retention histogram of 100 Type HT-NX tapes after
the tensile tolerance test at liquid nitrogen.
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Fig. 1 Dependence of critical current on 2nd sintering
temperature for Bi2223 tapes. (Open squares: 1st sintering at
820°C for 12 h, closed circles: 1st sintering and 2nd sintering
at same temperature for 24 h.
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Fig.2 AM vs H plot at 40 K for Bi2223 tapes re-sintered
under various temperatures for 6 h.  Circles, squares,
diamonds, triangles and reverse triangles correspond to 830°C,
820°C, 815°C, 805°C and 800°C.
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Fabrication of Bi2223 sintered bulks with high critical current properties in silver tubes
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Table 1 Specifications of the Model Cable

Symbol Quantity Value

To Outer radius of Conductor Layer 12.38 mm
n Outer radius of Dielectric Layer 20.02 mm
T, Outer radius of Shield Layer 21.97 mm
3 Outer radius of Protection Layer 22.98 mm
T Average inner radius of Corrugated pipe 53.09 mm
Seo Volume of Former Layer 282.82 mm*
Ssh Volume of Shield Layer 166.69 mm*
T,|? Inlet Temperature of LN2 68.0 K

P|? Inlet Pressure of LN2 500 kPa

V|9 Inlet Flow rate of LN2 50 L/min

n+lth

n-lth nth Efement

LN, flow Heat flow in PPLP
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Fig. 1 Model Cable Structure and Heat flow
(Longitudinal cross sectional view)
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Fig. 2 Calculation Result
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Fig. 3 Calculation Result
of Temperature andPressure
at outlet(2500kPa)
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Measurements of ac losses in HTS tri—axial cables applying Poynting’s vector method
—Study of measuring method by using a tri—axial mock cable composed of copper pipes—
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(a) Pick-up coil Potential leads

Fig. 1 Measuring system of ac losses in tri-axial mock cable
composed of copper pipes. (a) Overview of the system, (b)
arrangement of pick-up coils and potential leads.
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Fig.2 Loss properties of the tri-axial mock cable compsed of
copper pipes.
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Fig. 1 Configuration of ITER TF Coil Structure

Basic Segments

B3
Step-5.
wglding between Side plates and Outer plale 5 g

2INY

Welding Outer Attachments on coil case

Step-1

Final machining

iysw.

[ | Welding Side Attachments on coil case

e

basic

Fig. 2 Manufacturing Steps of Sub-Assembly of TFC Structure

Step-2

Step-3

Welding

P
)
Measured | Control Maximum def. | Minimum def.
point deformation Left / Right Left / Right
A +/-10.0 mm -4.6/-5.1mm |-6.9/-8.6 mm

B +-10.0 mm +3.7/+3.6 mm | +1.9/42.0 mm
--- Final shape of TFC Structure
---- Before welding Profile of product

Fig. 3 Welding deformation of 1% actual Bl basic segment
(after Step-1 in Fig. 2)
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Cryogenic tensile properties assessment of actual materials for ITER TF Coil Structure
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(a) Sub—assembly (b) Basic segments
Fig.1 Over view of TF coil structure

Table. 1 Result of measured tensile properties of
materials for TF coil structure

. Number of | Requiremnet of Average of the measured value
Material name . .
specimens |Yield trength [MPa]| Yield strength [MPa] | Tensile strength [MPa]

A2 Outer Plate 16 1000 1052 1534
A1 Side Plate 8 900 1058 1646
B3 Wing 10 900 1064 1629
B4 Side Plate 14 900 1069 1653
HotRolled Plate 20 900 1100 1595
(Thick. 25-100mm)
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]

1600 -0 = I:I_E B
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|| ©Yield strength (1/2t)
OTensile strength (1/2t)

1400

1300

1200

Yield strength and Tensile strength
[MPa]

o O (o] (o)
1100 8 g 5] 0 5
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Product thickness [mm)]

Fig. 2 Relationship between product thickness and
tensile properties of hot rolled plates
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Fig. 1 Long-term changes in friction factors for six coils
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Fig. 2 Changes in friction factors during the experimental
periods.

TR SN2, ZAUTEMNCL D3 Uy N O
FROBENBIRL T DRSS, — 5T, BlzILHE4
AN T IBESY A7 VBt O B O X5, i EEWT
DR EAGE 2D BB S, B0, ~VT LAH O AR
P LTzt 85 2 T T2m, 1 B ha890Z, o
BTOAA IOV TRBRO LN BN D00 TIERN,
R OEBETHIIE, & 156 FAZLDINTETDaA)L
NRIEAL TELTHEFRIND, 16T, WAl INRE V-
TR JE BN E BEEAR BB E 5 2 D O I s 2 HiC
EZDMENDHD, WTICL T, ZORE IR A8 A 5
WAV OREN S ESI TV SR THY, BEE TG
W, SELEIIZRT, REIEEEZHER T2 T ETHD,

SE K
[1] H. Katheder: Cryogenics, Vol.34 (1994) p.595
(2] ZRNEZ: ¥R, Vol.85, No.989 (2010) p.207

HO1MH 20154 EEAFRIL T4 - B EA R



3B-p05

100 kA ¥k = BB {5E STARS E{KZ AL V=
ANJHIWERRBEFRFIT rYNRETDHERE
Progress of Magnet Design for the Helical Fusion Reactor with 100—kA HTS STARS Conductor
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1. [XL®HIZ

RGBT T (NIFS) THESFFHEED T D~ H
JRLEZR AP FFHR-d1 OB RE~ 7 Ry b AT MR R
FILX =N 160 GI (2K, 3 ITIIRE LT~V vaAf
(R 15.6 m) (ZITR KBRS 12 T 12380 T 100 kA &
IRNEEREND[1,2], MO OEDEL CERBIEE (HTS)
HARAREL TS, HTS BRI AL E D < = F
DOLELEEJHCEDEEBIT, BRI~V LV aA VEE R E
IROBHEIZ L > TRYETEDRI R HH[1-4], A /VEERTET
fTL T NIFS HALR%P BT X — T HEL LS
RIEIZ LD BT TN ORIELRBR LI T> T B[2, 3],

2. FFHR-d1 AUALaA LD HTS EfxA T3>

Fig.1 |2 FFHR-d1 O~YH a5 &80 L
TUW% HTS EARDOWIHRE AR T, YBCO #ib % HiffilZfif
J&L 7= STARS (Stacked Tapes Assembled in Rigid Structure)
BIRTHY, M EET Yy heAT UL ATy O HIT
D25 Z & TR IR D THRENZ TEDZENRFR TH D,
il v ry e AT UL AT vy MO ICE KRR A TR A
T UV ATy MOIMANTBE T DR LR TS, T
ANV DCHEIT D[3], ZOEEE A~V 1E YT 45 (~30
m) TR T 228 THEMRAITORE THS (Fig.2) , LA
RTORRFHTIE, YT (<15 m) TEDEREL TR, &
A, FEHIFENT 2L > CIE T CHEEG CEDZEV LT,
ZHUZXY . BEREBIC LAY VI EGN TR B L R BT
B ED THIG A b b L HIFF C& D,

3. HTS BHHUTILEER

100 kA #OFAEEATIL, 722775 GABCO #44 (F 10
mm, R EIT~600 A@77 K. s.f.) % 54 KiAdtfg L CERY v
M AT UL ATy MRV NED T, FRP (2L
LEFEADS L —& & W CIRE AT o7, R 7 v
WXL —ART v 7GR T BRSO N AL RS TR &

NIRRTV oY Vafr M AN TLE— 2 L —TZ TR,

IR E AL SEHIETEIREHE L, IEE 20 K, #
B 53 TIZBWTER 100 KA 23R L., IRE 4.2 K TIEERR
100 kA Z 1R PREF 922 21T B L7 (Fig. 3) . £72. 1 kA/s
O EEIEIC BV TH R o F R T e AR E
METREFRETHDLIEEAMED O | EEMRHTIZIY | b %
EROMES oo AR (R BE LEIIN A BE) IS U CREI AR Eo
TWDHZEEMERLTZ[3],

— 7 R OB LA R R BT O B LR O 5 IR
B BAL R CIT o 7ol B B EERE IS 03 700 J1 %7
IFAUE FFHR-d1 OA~YAvaA v TSNS E AWIES I
M2 HIDTEN DI oT-[4], S HDOFEEL T, 10 kA i
FINEAR OB OB R A [ BRI R JE CIHEME 528
ZEELTWD, Fio, BROZZFAHR A DWW THEEARIEAT
ATHEI T D, EHIT, NIFS THLUERS oo K 1 & &k
SRR ARG IS & (e KW 13 T, AR 748 700 mm., 155 A28
42-50 K) = W0 o 7 VR AT ZEBREIL T0D,
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Fig.1 Cross-sectional image of the 100kA-class HTS conductor
designed for the FFHR-d1 helical coils.
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Fig.2 Schematic illustration of “joint-winding” to be applied to
the FFHR-d1 helical coils with one helical-pitch unit length.
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Fig.3 Waveforms of the sample current and bias magnetic field
with 100-kA current stable sustainment (temperature 4.2 K).
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Critical current analysis of 100 kA-class HTS STARS conductors
for the LHD-type helical fusion reactor
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@ STARS (Stacked Tapes Assembled in Rigid Structure)
RITHTS IC X D@V AL EME 2 5> Z LTI A HTS
P A MR 35 2 L2 KB @O BB AR & L EME A
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NDTD, BEAROEHFEIE L VIKRWERE T =
> F (B#/ =2 F) 9% Ramp Rate Limitation (RRL)
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RRL BT RWE & 2B LT 5, 4lal, STARS ¥k
D FEBE IR 21— FOREZ1T O 2 &L TEOREEEIT

>77,

2. R ERBIERR

PLFD & S e T VST CER BRI 21T - 72,
FT. HROML 2 W< OO ERITHET D, ToH
FOBEMRME D FHE L 72 B OBESIRE & 2 OFIINFA
Db ERE OB 2 540 U, BERER S Z O E
LD /NS VR CIIERME 2 BN S TS R &2
AT 9, THEMDIEULITW, REEIICT X TOEFRT
PSR BB Lz & & OB OB 28R
OEFFERE & LT,

PIRTZAERS LTz 22— R &2 W CRM L 72 30 kA &R
D Fife SR i B VARG R C I SR & ey L < — B
L7cb DD, @G TITERE L 0 72 /a7
ékwﬁﬁﬁﬁﬁghfwto_ni%ﬁfﬁwtﬁﬁ
OGS EREER RN LS H LI DO ThH 72728
FER TR WM ORI L K E < ﬁeiiofb‘tt?i)f%
HEEBEZ LN, T THEL, EBEOMMT — & %5
P 3 2 87 72 72 B R B RE PR R R A HA LT, 20
JFIEITF. Grilli HIZ X > TRES NI LD T, LLFRZED
=T H B 4],

J
]C(BIIIBJ.) = — b
(1+ (kB||)2+BJ_2/BC>

Z ZC. By. B XN EIR EN AT e BES R Sy
ﬁlﬁfiﬁﬁyﬁ%ﬁi/\ Jco\ Bey b, kIZINTAX—ToD, =
DETINEEN U TN 4T o 7255, 30 kA 8K Tl
MENTIE & HERIE DY 5~15%LAN T L7z (Fig. 1) .
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Fig. 1 Critical current of a 30 kA-class HTS STARS conductor

sample as a function of the bias magnetic field.
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Fig. 2 (a) Cross-sectional illustration and (b) critical current of
a 100 kA-class HTS STARS conductor.
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D, I &L CERBSNZ 3R G - BRETCBERR O Al - Jih
WO AE 72 E DA NTE A TELZENBIERMFIEN B 5
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Development of superconducting magnets for LHC luminosity upgrade (5) — Development of 200 mm long mechanical
short model
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Jb. IEREMESR T T — ., $k=— 7 DIEICEE SN TW5, B
R oA )3k a — 7 ZHEHEIC L TH T —IC L » TH%
WAL D SH D, BT % & RS R 2 fe R 13 gk =
— 7 M ERFHZ o TN D,

HBASE IR TR — RS E T o8 7 —% A
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Fig. 1 Cross—sectional view of the D1 magnet.
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Fig. 2 ESL and experimental setup
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