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Because of current-free plasma, Stellarator/Heliotron have attractive advantages 

non-axisymmetric configurations originate challenging subjects on physics and engineering 

HSR based on W7-AS & W7- X based on LHD ARIES-CS based on NCSX 

11.7 T-1 UWTOR-M MSR CT6 HSR FFHR 2m1 MHR-S SPPS ARIES-CS 
Main field coils 2 3 (modular) 3 (modular) 2(modular) 2 50 (modular) 2 2(modular) 32(modular) 18(modular) 

Toroidal field periods 15 20 6 6 6 5 10 10 4 3 
Major radius (m) 21 29.2 24.1 20.2 6.57 20 14 16.5 13.95 7.75 

Average plasma radius (m) 1.8 2.3 1.35 1.84 1.74 1.6 1.73 2.36 1.6 1.7 
Plasam sspect ration 11.7 12.7 14 11 3.8 8.1 

Toroidal field on axis (T) 4 5 5.5 6.4 6 5 6.2 5 4.95 5.7 
Maximum field (T) 9 8.7 9.5 13 16 10.6 13.3 14.9 14.5 15.1 

  Magnet current density (A/
mm2) 22 30 12.5 19 55 25 26.6 30 100 

Stored magnetic energy (GJ) 460 190 200 74 133 221 80 
Plasma volume (m3) 1343 3240 1408 1340 394 1000 827 735 444 

Average beta (%) 6% 3.54% 5% 4% 4.70% 4-5% 3% 5% 5% 6% 
Fusion output (GW) 3.4 4.3 5.5 4 1.8 ~ 3 1.9 3.8 2.29 2.44 

Alpha heating efficiency 0.88 0.58 0.9 
Plasma density ne(0) (x1020 /m3) average <1.17> <1.3> <1.72> <3.18> 2.8 2.8 4 <1.46> 
Plasma temperature Ti(0) (keV) average <10.3> <7.33> <8.0> <6.84> 15 15.3 15.6 <10> 

Plasma-magnet space (m) 1.5 1.5 0.9 1.1 1.1 1.14 1.21 
T-breeder Li2O Li Li17Pb83 6Li17Pb83 HCPB / LiPb Flibe Li LiPb 

Net tritiumu breeding ratio 1.17 1.05 1.08 
Structure material SUS HT-9 HT-9 SS, FS FS V FS 

 Neutron wall loading (MW/m2) 1.3 1 1.72 1.5 2.8 1.2 1.5-1.8 1.9 1.18~2.11 2.6-5.4 
COE (mill/kWh) 67 97.8 106 74.6 78 

1974 ~ 1982 1978 1981 1981 1989 ~ 1992 ~ 1995 ~ 1996 ~ 1997 2002~ 

Kyoto-U MIT Wisconsin-U Los Alamos  
Princeton ORNL   IPP-Garching   NIFS NIFS ARIES ARIES 

references 5, 6 7 8 9 10 14 11, 12 13 15 16 
A. Sagara :1998.6.2,5 (rev.
2010.02.11) 
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Type A 

Type 
B 

Sagara 5/24  

Will be presented for NBI at 
IAEA FEC 2010 by O.Mitarai 

In SDC,  
divertor heat load is 
drastically reduced (~1/4). 
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Rc = 16.74 m, Rp = 16.0 m, γ = 1.2, α = +0.1, Bp = 4.84 T, jHC = 25 A/mm2 
 Latest design “FFHR-2m2 Type-D” with maximized magnetic surfaces by 

optimization of poloidal coil positions and currents 
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FFHR-2m2
★★

FFHR-2m2
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FFHR-2S Type-I 
R = 15.0 m, γ = 1.0 
•  smaller size 
•  higher field 

FFHR-2S Type-II 
R = 17.3 m, γ = 1.2 
•  larger surfaces 
•  deeper well 

   Larger inboard space is attained by splitting helical coils in the outboard side 
   Further merits are pursued with optimization of conventional heliotrons 

Presented at ISHW17 (2009) by N. Yanagi Sagara 10/24  



The following possibilities are 
shown in the left figure.  

1.  Installation of TBM of high 
coverage with enough 
thickness.   

2.  Closed diverter system.  

Because the coils are flat type, 
the following are 
expected. 

1.  Reduction of magnetic 
stress on helical coils.  

2.  Ensuring of  liquid helium 
path for helical coils. 

3.  Neutron shielding on the 
back of helical coils. 
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Vacuum magnetic field 
configuration is shown 
in the left figure. 

1.  Rotational transform 
iota. 

2.  Magnetic hill U. 

3.  Marginally MHD stable 
pressure profile Pmar. 

*T.Watanabe, A.Sagara, 
submitted to PFR, 2009. 
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Strike points are effectively swept by AC operations of “Helical Divertor Coils” 
with 2-3 % of main helical coil currents and no change of magnetic surfaces 

Total wetted area : ~700 m2  Divertor heat flux :  <1 MW/m2 (on average) 

Helical Divertor Coils 

Will be presented at IAEA FEC 2010 by N. Yanagi Sagara 13/24  



   Total current of 750 kA (2% of main helical coil currents) = 30 kA ×25 turns 
   YBCO-based HTS conductor : probable candidate (also for the main coils) 
   Could be constructed in segments (jointed onsite and remountable) 
   AC operations with 0.025 Hz (40 s cycle) : no problem for HTS at 30 K or higher 
   R&D successfully started with 10 kA-class YBCO conductors 

Will be presented at IAEA FEC 2010 by N. Yanagi 

100 kA HTS 
conductor design 

Segmented fabrication 
of helical coils 

10 kA HTS conductor 
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  H-Power plant  H-Demo  ITER 
  H-factor of τE, HH  1.2 to LHD  ← 
  Energy gain, Q  ∞ (self ignition)  > 20  10 
  TBR  > 1.0  > 1.0 
  Min. blanket thickness [m]  > 1.0  > 0.8 
  Fusion power [GWth]  4 - 5  1.8  0.5 
  Major radius of plasma [m]  15-16  13.4 
  Max. field [T]  11-12  11.0  11.8 (TF) 
  Stored magnetic energy [GJ]  120-150  ~90  41 (TF) 

Layer winding by 5 in hand with CICC Sagara 15/24  



<Shear strain by winding>

€ 

rθ =
r ⋅ tan−1β
2πac

4
≈ 0.3%

rθ <  0.6%

This strain is considered 
to be allowable for Nb3Al 
strands. Helical winding 
with CIC conductors must 
be demonstrated.
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React and Wind method can be 
applied by using Nb3Al.
<Strain by transfer of conductor to reel>
  Radius of the reel : 5.71 m
  Radius of the SC cable : 0.0165 m
  Strain at transfer : 0.15%
   (0.0165/5.71-0.0165/12=0.15%)

Conductor

Bobbin
for heating
(R=5.71 m)

Reel of 
winding 
machine
(R=5.71 m)

12 m
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Tritium recovery

Heat exchangerP 

P 

Surge tank

P 

P 

450oC

550oC

Tritium recovery apparatus and 
tritium permeation through heat 
exchanger for 2-Flibe-loop system for 
FFHR are calculated and designed.

    Kyushu Univ. and NIFS

Main Flibe line

He

Rate determining step of tri1um permea1on in Flibe‐HX tube system

Presented in SOFT (2008)

Permeability of wall Permeability of breeder Ratio of two permeabilitiesSagara 20/24  
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Temperature : 600˚C  Flinak with  
17wt% H2O 

Flinak with 
40wppm H2O 

5µm 

SEM 
surface  
Image 

Facilities : Molten-salt compatibility test facilities (NIFS, U-Tokyo) 

M. Kondo et al.,  ISFNT-9, Dairen (2009) 
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Device Engineering and Advanced 
Physics Research Division (Staffs: 
7,7,4 ) 
 LHD maintenance and D-D safety devices 
 Trace tritium monitoring and handling 
 Large SC magnet system and applications 

Fusion System Research Division  
(Staffs: 6,5,8) 
 Helical reactor DEMO design 
 Remote maintenance and replacement 
 Low activation materials and long-life 
liq. blanket 
 PWI and high-heat flux components 
 Atomic and molecular processes

4 projects will start in the new 
organization for the 2nd Mid-
term goal & plan  
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Main advantages are 
1.  Current-free plasma for steady, CD-free & disruption-free, 

-> High density operation for large reduction of divertor load, 
-> Wide range of start-up time to minimize ex-heating power, 

2.  Natural divertor. 

We are now focusing on key issues of 
1.  Reactor size optimization for blanket space and mag. energy, 
2.  Large SC magnet system of 3D or continuous winding, 
3.  Large maintenance ports and replacement scenarios, 
4.  R&D’s of 3D component mockup studies with design activities. 
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