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Table 3 Design model SP
Analysis 

model DP
Screening-current model
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1. T. Tosaka, et al: Abstracts of CSJ Conference, Vol.92 (2015) 3B-a01. 
2. S. Noguchi, et al.; Abstracts of CSJ Conference, Vol.91 (2015) 

3A-p16 
3. H. Ueda, et al.: IEEE Trans. Appl. Supercond., Vol. 23 (2013), 

4100805.

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 

Thickness 
Substrate 78 m 
REBCO 2 m 
Copper 20 m 

Table 2. Specifications of model magnet 
 Coil 1 Coil 2 Coil 3 Coil 4 Coil 5 Coil 6

Inner diameter (m) 1.213 1.000 1.125 1.000 1.000 3.869
Outer diameter (m) 1.668 1.348 1.380 1.443 1.485 3.978

Number of turns / SP coil 474 363 265 461 505 114
Number of SP coils 36×2 2×2 36×2 10×2 34×2 32×2

Gap between turns (mm) 0.36 
Gap between SP coils (mm) 1.0 

Gap between split coils (mm) 111.7 607.6 805.2 1306.6 1460.6 1406.3
Operating current (A) 197.8 257.0 222.2 218.2 213.0 -288.0

Magnetic field @center (T) 9.381 
 

Table 3. Results of field homogeneity 

 
Design
model 

Analysis
model 

Screening-
current 
model 

Magnetic field at center (T) 9.381 9.392 9.381 

2nd order homogeneity (ppm) -2.399 9.313 125.8 

4th order homogeneity (ppm) -9.934 -11.04 -41.13 

6th order homogeneity (ppm) -9.874 -9.723 -10.14 

8th order homogeneity (ppm) -10.03 -10.07 -9.006 

10th order homogeneity (ppm) 1.640 1.643 1.460 
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Fig. 1 Chart of establishment of technological bases for DEMO superconducting coils.  
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100 kA STARS
FFHR-d1

Magnet Design for the Helical Fusion Reactor FFHR-d1 with 100-kA HTS STARS Conductor  

NIFS
NIFS

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 

NIFS

FFHR-d1A
~160 GJ FFHR-c1

~130 GJ 3
d1: 15.6 m c1: 13.0 m 100 kA

[1,2]
HTS HTS

[1-3]

FFHR-d1 HTS
FFHR-d1

HTS YBCO
STARS Stacked Tapes Assembled in Rigid Structure

[2]
~30 m

NIFS
100 kA

[2, 3]
GdBCO 10 mm ~600 A@77 K s.f. 54

FRP

20 K 5.3 T
100 kA 4.2 K 100 

kA [2] 1 kA/s

[3]
1.8 n [4]

HTS STARS

30
<150 K

15 ~3 kV

~500 W/m3

~100 W/m3

Fig. 1

LHD
[5]

~8.4 mm

~18 m ~25 W
10 K 200 kPa 20

K ~0.5 g/s ~1.4 kPa
~4 

kg/s

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.

[1]A. Sagara et al., Fusion Eng. Des. 89 (2014) 2114.
[2] N. Yanagi et al.: Nucl. Fusion 55 (2015) 053021.
[3] Y. Terazaki et al.: IEEE Trans. Appl SC. 24 (2014) 4801305.
[4] S. Ito et al.: IEEE Trans. Appl SC. 25 (2014) 4201205.
[5] S. Imagawa et al.: Fusion Eng. Des. 41 (1998) 253.
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A conceptual design of helical winding with the react-and-wind method. 
 

  (NIFS) 
IMAGAWA Shinsaku (NIFS) 

E-mail: imagawa@LHD.nifs.ac.jp 
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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]. 
 

 
Fig. 3. CIC conductor sample for twisting tests. 
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1. S. Imagawa et al.: Plasma Fusion Res. Vol. 3 (2008) S1050. 
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(1) 
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 

ITO Satoshi  SEINO Yutaro  NISHIO Tatsuki  OGURO Hidetoshi  HASHIZUME Hidetoshi (Tohoku Univ.) 
E-mail: satoshi.ito@qse.tohoku.ac.jp 

1  

[1]

[2] REBCO

REBCO

 

Fig. 1
REBCO

FYSC-SC05 5 mm IC=260 A at 77 K, s.f.
Superpower SCS4050-AP 4 mm IC=100 A 
at 77 K, s.f. 2

#400
100 m 100 MPa

GM
 REBCO

 

Fig. 2
FYSC-SC05 SCS4050-AP 

70 K
FYSC-SC05

FYSC-SC05
SCS4050-AP

 
Fig. 3 FYSC-SC05 10 K
30 K

15 K

 

Fig. 1 Experimental set-up. 
 

Fig. 2 Joint resistivity as a function of temperature at 0 T. 

Fig. 3 Joint resistivity as a function of magnetic field at 10 K 
and 30 K for FYSC-SC05. 

 

1. H. Hashizume et al.: J. Plasma Fusion Res. SERIES, Vol. 5 
(2002) pp. 532-536 

2. Y. Seino et al.: IEEE Trans. Appl. Supercond., Vol. 25 
(2015) Art. ID 6603405 
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(n >5)

Fig. 1 Cross-section of the R&D sextupole magnet

Fig. 2 Standard deviation of the normal and skew harmonics 
an and bn of the normal sextupole coils with random 
displacements of 50 or 100 m. 

Table 1 Design parameters of R&D Sextupole Magnet 
Parameter Value
Bore radius 40 mm 
Coil length 200 mm 
Yoke radius(inner, outer), length 160, 200 mm, 200 mm 
Normal sextupole 
  Coil width (inner, outer), height 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 2.27 T 

  Max B  on the conductor 1.30 T 
  Stored energy 2.1 kJ 
Skew sextupole 
  Coil width (inner, outer), height 76.6, 94.0 mm, 4.5 mm 
 Number of turns 43 turns 

  Operating current 259.5 A 
 Max B// on the conductor 0.71 T 

  Max B  on the conductor 0.60 T 
  Stored energy 0.13 kJ 
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0

heaterj QQTk
t
TC

 Experiment Simulation 
 40 mV 60 mV 100 mV 40 mV 60 mV 100 mV

10 ms 102 K 119 K 145 K 111 K 122 K 149 K 
50 ms 119 K 137 K 166 K 125 K 137 K 168 K 
100 ms 142 K 163 K 197 K 146 K 160 K 193 K 
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Fig. 1 Exploded view of D1 magnet 

Fig. 2 2 m-long-coil after curing. 

Fig. 3 Result on coil size measurment for the bottom coil.

Development of superconducting magnets for LHC luminosity upgrade (6) – 2 m model 
magnet fabrication 

SUGANO Michinaka, NAKAMOTOTatsushi, ENOMOTO Shun, KAWAMATA Hiroshi, OKADA Naoki, OKADA Ryutaro, 
HIGASHI Norio, TANAKA Kenichi, TAKAHASHI Naoto, OGITSU Toru, KIMURA Nobuhiro, SASAKI Kenichi, YAMAMOTO 

Akira, YOSHIDA Makoto, IIO Masami (KEK) 
E-mail : michinaka.sugano@kek.jp 

CERN-LHC LHC
10 3000 fb-1

HL-LHC
ATLAS CMS

KEK
D1

D1

D1 6

1.28 T 5.6 T 1.9 K 12 kA
15 m

D1 Fig. 1 D1
150 mm

25 MGy

6.7 m
KEK 2 m

CERN Cu/NbTi
2

4 44

2 m [1]

GFRP
BT S2

100 MGy

40 kgf 1 0.25 kgf

150 4 180 8 190 205
30

Fig. 2

Fig. 3

80 90 MPa
80 MPa

LHC D1
2 m 1 2 m

2016 KEK
1.9 K

[1] M. Sugano et al, Abstract of CSJ Conference, Vol. 90 
(2014) 201. 
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Table. 1 The results of the coil stress and yoke strain at the fabrication 
processes. 

Fig. 1. Picture of  200-mm-long mechanical model after the yoking
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ITER Nb3Sn CICC  
Quench test on ITER Nb3Sn CICC 

 
   ,  ,  ,  ,  ,  

 ,   
SUWA Tomone  OZEKI Hidemasa, NABARA Yoshihiro, SITO Toru, KAWANO Katsumi,  

TAKAHASHI Yoshikazu, ISONO Takaaki and NUNOYA Yoshihiko (JAEA) 
E-mail: suwa.tomone@jaea.go.jp 

   

(CS) ITER CS
42 m

 
 

ITER CS 576 Nb3Sn 288 Cu

CS He (SHe)
SHe Fig. 1

10 1/4 ( 1.2 
m) 6 750 
mm  

(EOB) 12 T
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VD1112
4.7 

K  
 

CS
Fig. 2

Fig. 2 VD1112
1 1/4

dV/dt VD1112 0.85
9.4

2.25
Fig. 3

 
 

 
Fig. 1 Schematic view of the insert coil. VT shows voltage taps. 
VD means voltage between VTs. 

 

[1]
1.8 m/sec  

GANDALF [2[3]
GANDALF

GANDALF
He He 4

 
 

[1] Isono Takaaki, et al., Abstract of CSJ conference vol. 36 
(2001) 373. 
[2] L.Bottura, A Numerical Model for the Simulation of 
Quench in the ITER Magnets, Jour. Comp., 124, (1), 1996.  
Phys., 124, (1), 1996. 
[3] L. Bottura, Physica C, 310, 316-326, 1998. 

 
 

 
Fig. 2  Voltage on upper part of the insert coil from the center. 
The coil was heated at zero sec by the inductive heater.  

 
 

 
Fig. 3  Normal zone propagation (NZP) velocity. The NZP 
accelerate with increase of the time. 
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Fig.1 Current sharing temperature against electromagnetic cycles. 

Fig.2 Strain against the electromagnetic force on cable. 
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He Refrigerator / Liquefier
5 kW at 4.5K or 800 L/hr

DC Power Supply
50 kA, 15 V

Coil Protection
50kA, 10kV

CS Model Coil

CS Model Coil Test FacilityTest Coil (CS Insert)

Insert the test coil 
into the CS Model Coil

Dia.
1.5m

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

Liquid Helium Tank
20,000 little

Cryogenic System

DC Power Supply System

DC Power supply
70 kA, 12 V

Coil Protection
70kA, 1.5kV
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