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１ Activity of manufacturing and development 

２ Activity of analysis and design 

３ Prospect in industrial application  
                            of technology for nuclear fusion 

♪The effort of MTC in Divertor development 

- Manufacturing of divertor cassette  for JT-60SA 
- Development of brazing technique for CFC mono-block Divertor  

- Analysis of electromagnetic force  for JT-60SA 
-Conceptual study for  DEMO 

-Utilization  of dissimilar joint  technique ｂｙ ＨＩＰ 
-Non‐destructive inspection using neutron beam 
-Small electron accelerator Micro Tron / ＭＩＣ １ 

 ― ―   Index   ― ― 

                         and prospect of related technology  
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♪ Activity in manufacturing and development 

Toki Chiba Narita 

Shiga Kanagawa Gunma Ibaraki 

那珂研 六ｹ所研 
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１９９０ ２００８ 
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ｔｏ Ｃｏｍｐｌｅｔｉｏｎ 

♪ Manufacturing of Divertor Cassette for JT-60SA 

Cooling 
 pipe 
ｉｎ ａ  
ｆｒａｍｅ 

Symposium 2018 on the ITER/BA Activities Fusion Energy Forum of Japan 



4 

 

♪ Development of joining procedure for in-vessel cooling pipe  

Setting of DVT cassette and joining of 
cooling pipe in vacuum vessel 

Laser welding of cooling pipe in 
DVT cassette 

Joint positioning procedure 

Target tolerance  
for joint 

±0.3ｍｍ   

                          by laser welding  

Laser   

Nozzle 
for gas   

Groove for 
welding   

Mirror  

Lens  

Positioning 
censer  
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♪Development of blazing technique for CFC mono-block divertor 
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♪ Study of improved concept for CFC mono-block divertor 

Typical issue in 
the future： 

Joining technique 
for tungsten 
coated  CFC 
mono-block  
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♪ Mono-Block Structure ＆ heat sink Structure of JT-60SA  

Sealing of the end of the treaded hole 

ＣｕＣｒＺｒ 

Cooling pipe  
(CuCrZr) 

Improvement for  
cooling performance 

CFC mono-block 

Threaded machining  
inside cooling pipe 
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♪ Analysis of electromagnetic stress  
                                   for divertor cassette of JT-60SA     

T=4(msec) 

ＡＮＳＹＳ Ｍａｘｗｅｌｌ 

ＡＮＳＹＳ Ｍｅｃｈａｎｉｃａｌ 
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For study of conceptual 
design for DEMO divertor 
  ↓ 
Heat analysis 
Elastic-plastic analysis 

♪ Conceptual study for  DEMO  as BA DEMO design team 
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♪ Example of utilization of dissimilar joint technique 

Cooling pipe for ITER TF coil structure 

Mock up for cooling performance estimation  
of Cooling pipe of ITER TF coil structure 
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Neutron Proton 

Industrial application 
 as cooling facility 

Medical application as Target for accelerator /ＢＮＣＴ   

Ｂｅ/Ｌi 
layer 

Ｃｕ base plate 
Resistant 

blister layer 

Cooling pipe 

♪ Example of utilization in industrial application  
                                    of technology for nuclear fusion 
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A-FNS 
Early 

realization 
For 

Industrial 
application 

 
Neutron transmission image 

 

 
ＨＩＰ 
Jonit 

baundary 

 

♪ Development of Non‐Destructive Inspection 
         by Neutron beam    Oxford   RAL/ ISIS /ＩＭＡＴ    

Kiyanagi Yoshiaki  Nagoya University 
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Micro-
tron 

Klystron Name 
Power Beam current Pulse width 

［ＭｅＶ］ ［ｍ A］ ［μｓ］ 
ミック ワン ＭＩＣ１ 0.95 300 1.5 

ミック テン ＭＩＣ１０ 10.0 Under Design 

Size(m) Ｗ Ｌ Ｈ 

 

ＭＩＣ１ 
１号機 

Work area      0.20 0.30 0.28 

Facility size     0.9 4.5 2.5 

♪ Small electron accelerator  - 「Micro Tron / ＭＩＣ １」 

RF window 

Waveguide 

Quadrupole 
electromagnet 

Scan electromagnet 

Electron beam extraction 

Electron gun 
(Built-in type) 

Electron gun 
(Built-in type) 

Electron obit 

Static  
magnetic field 
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Thank you very much for your 

attention.  
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