
400 μm
100 μm

Cu

Sn-Ti

Nb
Cu-15Zn

Cu

Nb

SnL(a)

100 μm

SnL(b)

100 μm

Wire T (°C) Time (hr) 

Matrix (wt%) Nb3Sn layer (wt%) 
Eutectic region Bronze region 

Cu Sn Zn Cu Sn Zn Nb Sn Ti 
15Zn-1.0  550 100 71.34 22.95 5.72 80.98 3.36 15.66    

 650 100 69.56 25.76 4.68 81.17 7.41 11.42    
Inner bronze 

(Outer bronze) 
700 200    83.44

(85.28)
4.75

(3.81)
11.82 

(10.91) 
73.28 25.52 1.20

15Zn-0.6 650 100 69.44 26.51 4.05 81.09
(82.16)

7.96
(7.5)

10.95 
(10.34) 

Inner bronze 
(Outer bronze) 

700 200    85.37
(85.90)

3.02
(2.85)

11.62 
(11.25) 

74.47 24.37 1.17

Cu-1.0  700 200    94.21 5.8  75.41 23.46 1.13
Cu-0.6  700 200    95.55 4.45  74.79 21.12 1.09
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Heat 
exchanger

He mass flow 
meter

Pressure gauge

2K GM
cryocooler

Linear 
compressor

Fig. 1 Photograph of the test apparatus for the 
compressor performance. 
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Compressor input power 0.9 kW
Initial gas pressure 1.7 MPa
Operating frequency 70 Hz

Figure 2. Cool down curves of a compact 2 K GM 
cryocooler with a linear compressor. 
 
Table 1. Experimental results for a compact 2 K GM 
cryocooler with the linear compressor. 

Item With 
CNA-11  

Measured 
results 

Electric input power 1.2 kW / 
50Hz 

0.9 kW 
(Compressor 
input power)

1st temperature with 1 W 45 K 49 K 
2nd temperature at 2.3 K 17 mW 17 mW 
No-load 2nd temperature 2.2 K 2.17 K 

 

HIRATSUKA Yoshikatsu, Qian Bao, Mingyao Xu (SHI) 

E-mail: Yoshikatsu Hiratsuka@shi-g.com 

 S. Miki, T. Yamashita, M. Fujiwara, M. Sasaki and Z. Wang, 
Optics Letters 35 (13) (2010) 2133-2135 

 Y. Hiratsuka: Abstract of CSSJ conference, Vol.90 (2014) 
p63 

 Q. Bao, et al.: Abstract of CSSJ conference, Vol.91 (2015) 
p97 
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[1] 2015 AMR 
(Active magnetic regenerator)

[2] AMR

Fig. 1, 2
AMR

AMR
( )

(Gd; 0.65 - 
0.8 mm) 80 mm×80 mm

1 T AMR 18 
mm 14 mm 60 mm Gd
Case1: 63% ( 46 g) Case 2: 58% ( 42 g)
2 AMR

AMR
τ = 0.1 sec

Fig. 3 Case 1 Case 2
Case 2
Case 1

 ( /
)

Fig. 3
Fig. 4 Case 1 Case 2

 (
)

AMR
AMR

[1] Y. Miyazaki, et al.: Abstracts of CSJ Conference, Vol. 89 
(2014) p.59 

[2] Y. Miyazaki, et al.: Abstracts of CSJ Conference, Vol. 91 
(2015) p.193 

Fig. 1  Schematic of the fundamental set-up for magnetic refrigeration.  

Fig. 2  Photograph of the fundamental set-up for magnetic refrigeration.  

Fig. 3  Flow rate dependent of temperature span at the AMR. 

Fig. 4   dependent of temperature span at the AMR. 
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Alloy718  
High-cycle fatigue properties of Alloy718 electron beam welded joint at low temperature 

 
 ,  ,  ,  ;     

ONO Yoshinori, YURI Tetsumi, NAGASHIMA Nobuo and OGATA Toshio (NIMS); 
NAGAO Naoki, HORI Shusuke, TAKEGOSHI Masao (JAXA) 

E-mail: ONO. Yoshinori@nims.go.jp 
 

Alloy 718 Ni

[1] EB
Alloy 718

EB
Alloy718

  

AMS5596 10 mm
EB RD 50 

kV 90 mA 0.5 m/min
EB 1228K 1.8ks
993K 28.8ks 898K 28.8ks

0.9807 N 100 gf
TD

293 K 77 K
4.2 10 4 s

R 1 10 Hz
107   

 Fig. 1 EB

Fig. 2

HAZ

EB 77 K Table1 EB

EB -
EB

Fig. 3 EB
77 K S-N 107

EB
EB

HAZ

293 K
EB

107 250 MPa
 

[1] Space Use Materials Strength Datasheet, National Institute for 
Materials Science, Nos.2, 4, 5, 8, 9, 10, 15, 18, 20, 21, 22, 24. 

 
Table 1 Tensile properties of base metal and EB welded joint at 77 K. 

 

 
Fig. 3 S-N curves of Alloy718 base metal and EB welded joint at 77 K. 

 
Fig. 2 Hardness distribution measured along the normal to the weld line 
at the mid-thickness in the EB welded joint.  

  
Fig. 1 Optical micrograph of the post heat-treated EB welded joint. 
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Fig.1  Flow of 2K Ref. System 

第92回　2015年度秋季低温工学・超電導学会

3D-p05 冷却システム



第92回　2015年度秋季低温工学・超電導学会

3D-p06 冷却システム



Displacer continuous operation for two years.

Observed data of superconducting gravimeter.

(2012) p231

第92回　2015年度秋季低温工学・超電導学会

3D-p07 冷却システム



JT-60SA
Installation of Helium Refrigerator System of JT-60SA

Christine Hoa CEA
NATSUME Kyohei, KIZU Kaname, YOSHIDA Kiyoshi, KOIDE Yoshihiko (JAEA); HOA Chriistine (CEA) 

E-mail: natsume.kyohei@jaea.go.jp

JT-60
EU

JT-60SA
4.5 K 9 kW

Fusion For Energy F4E
CEA

JT-60SA
EU

Table 1 [1][2]
Figure 1

Figure 2
1

4.3 K, 7 m3

CEA JT-60SA 1/20
[2]

JT-60SA
2014 5

2015 3
CEA F4E Air Liquide

Silva Matos
2015 4

2015 9

JT-60SA
2015 10

2015 2

Figure 1 Flow diagram of cryogenic system for JT-60SA

1. K. Kamiya et al.: Journal of Cryogenics and 
Superconductivity Society of Japan 46, 10-17 (2011)

2. F. Michel, et al.: Advances in Cryogenic, AIP Conference 
Proceedings 1434, 78-85 (2012)

3. C. Hoa, et al.: Physics Procedia 67, 54-59 (2015)

Table 1 Requirements during normal operation mode [2] 

Average 

heat load 

(W)

Mass flow 

(g/s)

Supply 

pressure 

(MPa)

Supply 

temperature 

(K)

TS 42000 404 1.8 80 

HTS-CL - 25 0.4 50 

TFC & CST 1794 876 0.5 4.4 

CS&EFC 1850 960 0.5 4.4 

Cryopump 84 270 0.5 3.7 

TS: Thermal Shield
HTS-CL: High Temperature Superconducting Current Lead
TFC: Toroidal Field Coil CST: Coil Structure
CS: Central Solenoid EFC: Equilibrium Field Coil

Figure 2 Layout of cryogenic system for JT-60SA. The tokamak cryostat and the transfer line has not been constructed yet.
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