
 

 

  
  

The NIFS superconducting magnet test facility has 
been upgraded to conduct excitation tests at various 
temperature and a higher magnetic field1).  In the upgrade, 
the main compressor, the helium refrigerator/liquefier and 
the control system of the cooling system were updated.  
Fig. 1 shows the updated test facility.  The new main 
compressor is an oil injection type screw compressor of 
Kaeser Kompressoren GmbH with the discharge pressure of 
0.95 MPaG and the helium mass flow rate of 101.7 g/s.  
The energy consumption has been reduced from 450 kW to 
239 kW.  The helium refrigerator/liquefier was replaced 
with a variable temperature helium refrigerator/liquefier, 
which is the modified LR280 of Linde Kryotechnik AG.  
The new refrigerator/liquefier can supply liquid helium, 
supercritical helium and variable temperature helium gas.  
The DePICS of Taiyo Nippon Sanso Corporation was 
applied to the control system.  The CPU of the controller, 
LAN and remote I/O are duplicated for the high reliability.  
The remote monitoring is provided via NIFS-LAN for 
improvement of safety and convenience2).    

The nominal performance of the cooling system is as 
follows; the helium liquefaction rate is 250 L/h, the 
refrigeration capacity is 600 W at 4 K, the cooling capacity 

is 1 kW when the supply temperature is 20 K and the return 
temperature is 30 K, the cooling capacity is 1.5 kW when 
the supply temperature is 40 K and the return temperature is 
50 K and the cooling capacity of supercritical helium is 350 
W at 4.55 K with the mass flow rate of 50 g/s.  A series of 
the commissioning tests of the cooling system were carried 
out after the update.  The results are listed in table 1.  In 
all operational modes, the measured performance of the 
cooling system exceeded the required one. 

In JFY2016, the large bore high magnetic field test 
cryostat with the back-up magnetic field of 13 T will be 
assembled.  Utilizing both the cooling system and the test 
cryostat in the upgraded NIFS superconducting magnet test 
facility, the development of large scale superconducting 
magnets for fusion reactors with advanced superconductors 
such as high temperature superconductors and MgB2 will be 
promoted strongly. 
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Table 1.  Performance of the cooling system. 
Operational mode 

di i  
Measured performance 

Liquefaction 278.9 L/h 
Refrigeration @4K 670 W @4.38 K 

20 K supply 1085 W @20.0 K/27.9 K 
40 K supply 1603 W @40.1 K/49.3 K 
SHe supply 407 W @4.42K w/51.3 g/s 

 

Fig. 1.  Updated cooling system for the NIFS superconducting magnet test facility. 

  
  
The JT-60SA CS coil is composed of four modules. One 
module is composed of six octa-pancake coils and four 
quad-pancake coils. To join these coils wound with Nb3Sn 
cable-in-conduit conductors as listed in Table 1, a butt joint 
technology was adopted in the CS coil. The butt joint is 
very attractive for the CS coil of a tokamak machine 
because it allows embedding of the joint into a winding 
pack that provides maximum flux at a given peak field in 
the winding[1]. To evaluate the fabrication technology of 
the butt joint as shown in Fig.1, a joint resistance was 
measured using a butt joint sample. As a result, the sample 
fulfilled the design requirement that the joint resistance was 
less than 5 nΩ at 2 T[2].  
 Compared to a lap joint technology, the butt joint 
technology is inexperienced and challenging for the present. 
Hence, not only joint resistance but also microstructural 
observation should be necessary to fully evaluate the butt 
joint. In this study, joint interface and Nb3Sn strands of the 
sample were observed using a field emission scanning 
electron microscope (FE-SEM) after the joint resistance 
measurements. 
 To make a sample for the microstructural 
observations, vacuum impregnation of the butt joint sample 
was conducted after the joint measurement, and the butt 
joint sample was sundered around the butt joint interface 
Then, a piece sundered from the butt joint sample was split. 
Finally, surfaces split from the piece were polished for the 
observation. 
 Microstructural observations of a butt joint 
interface were conducted using the FE-SEM (Model 
number: JSM-7100F, JEOL Ltd.). Fig 2 shows the 
micrograph of the butt joint interface at a strand scale. The 
configurations of Nb3Sn strands, copper wires and a copper 
sheet were clearly observed. The micrograph indicates that 
Nb3Sn strands and a copper sheet were butted properly. To 
investigate the condition of Nb3Sn filaments, the butt joint 
interface was observed at a filament scale. Fig.3 shows the 
Nb3Sn filaments close to the butt joint interface. In some of 
Nb3Sn filaments, there were hairline cracks perpendicular 
to the copper sheet. 

Table 1   Main parameters of CS conductor. 
Nb3Sn filament diameter [μmm] 3.5 

(Nominal value) 
Number of Nb3Sn filament 8130 

Strand diameter [mm] 0.82 
Number of Nb3Sn strands 216 

Number of Cu wires 108 
Cabling pattern (2 +1Cu) ×3×6×6 

Jacket outer size [mm×mm] 27.9×27.9 
Cabling diameter [mm] 21.0 

Central spiral (id/od) [mm] 7/9 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1.  Configuration and photograph of the butt joint. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2.  Micrograph of the butt joint interface at a strand 
scale. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 3.  Micrograph of the Nb3Sn filaments close to the 
butt joint interface. 
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