
Design and R&D Activities  

for the LHD-type Demo FFHR-d1 
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Step by step 

advancement of 
reactor design
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700mm  

for blanket
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[ Inboard ]  

Breeder:15 cm 

WC Shield: 55 cm 

(Nuclear heating: 0.5 mW/cm3, 

 Fast neutron flux: 3x1010 n/s/cm2 at SCM)

[ Outboard ] 

Breeder: 60cm 

       (Multiplier 15cm) 

FS+B4C Shield: >50 cm

Neutron wall 

loading: 

1.5 MW/m2
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Simple torus model for neutronics analysis

In case of Li / V,  

shielding with WC etc.  

would be necessary. 

TBR > 1.15 with n multiplier 

and shielding for SC are possible 
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SHe
neutrons

Acceptable range: 41-47g/s

T<1K, P<0.1MPa 
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1. Burning rate of DT fuel is less than 1 %, i.e. burnup/fuel  1 1021 s-1/3 1023 s-1. 

2. Large amount of DT fuel circulation is required in pellet injector.  

3. But, the hydrogen inventory is within tolerance level.   

• 5 g in the gas exhaust loop assuming = 1 s for pumping and compression. 

• 80 g in solid hydrogen reservoir assuming = 40 s to solidify hydrogen gas. 

3x1023/s ~1000 Pa·m3/s
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2nd cycle 

Core plasma TG 

Direct Profile 
Extrapolation

LHD project 

Experiment

Numerical 
project 

Physics analysis
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1 Proposal of experiment 

with FFHR-d1 like 
magnetic configuration 2 Experiment and DPE to 

self-ignition condition 

3 Reconstruction of 

MHD equilibrium 
using HINT2 and 

VMEC 

4 Detailed physics 

studies become 
possible 
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H. Hashizume et al., J. Plasma Fusion Res. SERIES 5 (2001) 532 

N. Yanagi et al., Fusion Science and Technology 60 (2011) 648 

N. Yanagi, HTS4Fusion Conductor Workshop (2011) KIT, Germany 

Large-current high-Tc superconductor (HTS) 
using YBCO is being developed 

Continuous helical coils by joining half-pitch 
conductors (0.36 n   8000 @20 K  4.5 
MW@R.T.) 

10-kA conductors with joints have been 
successful and 100-kA will be tested next year  
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A. Sagara et al., Fus. Sci. 

Technol., 60 (2011) 3-10. 
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1. Thermal creep deformation was suppressed by nano-particle dispersion for 
reduced activation ferritic/martensitic steels (RAFM) and vanadium alloys 

2. The blanket operation temperature could be enhanced by 100-150K by the 
used of Dispersion Strengthened Materials.
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• Base metal maintained DBTT below RT after 

8.5 dpa irradiation 

• Degradation of impact energy and DBTT shift 

by irradiation was enhanced in weld metal 

• Weld metal maintained DBTT below RT after 

0.98 dpa irradiation, however impact energy 
was lost at 8.5 dpa 

• The fracture energy was recovered by post-

irradiation annealing at 600oC for 1 hr 
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Work Performed: 

• Reactor size optimization for blanket space and mag. energy 

Core plasma design by the Direct Profile Extrapolation from LHD exp. 

Reduction in blanket thickness with advanced shielding materials 

Work in Progress: 

• 3D design of in-vessel components consistent with divertor 

pumping and neutron shielding 

• Start-up scenarios of self-ignition plasma and blanket system 

Work Planned: 

• Large SC magnet system of 3D helical continuous winding 

• Large maintenance ports and replacement scenarios 

• R&D’s for 3D components mockup with design activities 
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