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Design-based System OptimizationDesign-based System Optimization
on LHD-type Reactor FFHRon LHD-type Reactor FFHR

Presentation Outline
1. Design Activities
2. Design Scenario
3. Recent Progress

(1) Reactor size optimization
(2) New proposal of long-life blanket
(3) Replacement scenario

4. Design Methodology
(1) PC simulator of power plant operations
(2) Virtual reality for 3D design assisting

5. Summary
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Design ActivitiesDesign Activities
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Design ScenarioDesign Scenario

γ=tanθ
(2)  Self-cooled liquid (2)  Self-cooled liquid FlibeFlibe

(BeF(BeF22-LiF) blanket has-LiF) blanket has
been proposed, due tobeen proposed, due to

 low MHD pressure loss,low MHD pressure loss,
 low reactivity with air,low reactivity with air,
 low pressure operation,low pressure operation,
 low tritium solubility.low tritium solubility.

(1)  The coil pitch parameter (1)  The coil pitch parameter γγ of continuous of continuous
helical winding has been adjustedhelical winding has been adjusted

 to reduce the magnetic hoop forceto reduce the magnetic hoop force
        (Force Free Helical Reactor: FFHR),        (Force Free Helical Reactor: FFHR),
 to expand the blanket spaceto expand the blanket space

By Selecting lowerBy Selecting lower
value ofvalue of
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(1) Reactor size optimization
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Under engineering requirements, design parameters of
FFHR have been modified with increasing the major radius
R and reducing the B0 within Bmax of 13T
 to expand the blanket space ~ 1.2m
 to simplify the coil-supporting structure (stress<1.5Sm)
     for large size maintenance ports.

Recent ProgressRecent Progress
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Design parameters LHD FFHR2 FFHR2m1 FFHR2m2

Polarity l 2 2 2 2
Field periods m 10 10 10 10
Coil pitch parameter ! 1.25 1.15 1.15 1.25
Coil major Radius Rc m 3.9 10 14.0 17.3
Coil minor radius ac m 0.98 2.3 3.22 4.33
Plasma major radius Rp m 3.75 10 14.0 16.0
Plasma radius ap m 0.61 1.2 1.73 2.80
Blanket space " m 0.12 0.7 1.2 1.1
Magnetic field B0 T 4 10 6.18 4.43
Max. field on coils Bmax T 9.2 13 13.3 13
Coil current density j MA/m2 53 25 26.6 32.8
Weight of support ton 400 2880 3020 3210
Magnetic energy GJ 1.64 147 120 142
Fusion power PF GW 1.77 1.9 3.0
Neutron wall load MW/m2 2.8 1.5 1.3
External heating power Pext MW 100 80 100
# heating efficiency $# 0.7 0.9 0.9
Density lim.improvement 1 1.5 1.5
H factor of ISS95 2.53 1.92 1.68
Effective ion charge Zeff 1.32 1.34 1.35
Electron density ne(0) 10^19 m-3 28.0 26.7 19.0
Temperature Ti(0) keV 27 15.8 16.1
<%>=2*n*T/(B^2/µ) (parabolic distribution) 1.8 3.0 4.1

COE Yen/kWh 21.00 14.00 9.00

Improved
input

Expanded
Blanket space

Reduced
Wall loading

Design Parameters
(1) Reactor size optimization

Recent ProgressRecent Progress

A. Sagara et al., Nuclear Fusion 45 (2005) 258-263.
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under the constraints of
 SC J=25~35A/mm2

 neutron wall loading Γn=1.3~1.5 MW/m2
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(1) Reactor size optimization
Recent ProgressRecent Progress

Key issues:
 Physics on γ and Rax
           LHD experiments

New targets based on LHD:
 Large scale SC magnet
 SC magnet of high J
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FFHR2m1 Magnetic configuration  (ITC-15 /  T. Morisaki)

(1) Reactor size optimization
Recent ProgressRecent Progress

First versionFirst version
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FFHR2m1 Magnetic configuration  (ITC-15 /  T. Morisaki)

Further shaping of blanket & divertor is the next step.

(1) Reactor size optimization
Recent ProgressRecent Progress

7 /157 /15

Modified versionModified version
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FFHR2m1 Magnetic configuration  (ITC-15 /  T. Morisaki)

(1) Reactor size optimization
Recent ProgressRecent Progress

Distribution of Distribution of divertor divertor magnetic fluxmagnetic flux
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(a) 0 deg. (b) 45 deg. (c) 90 deg.

Inside of
torus Outside

  Replacement-freeReplacement-free of breeder units of breeder units
      < 100dpa in the full-life of 30years      < 100dpa in the full-life of 30years
  Improved nuclear shieldingImproved nuclear shielding for SC magnets for SC magnets
           ~ 5x10 ~ 5x102222 fast n/m fast n/m22 in 30years in 30years

Under the reduced wall loading of
1.5MW/m2, Long-life blanket STB
(Spectral-shifter and Tritium Breeder)
has been newly proposed, resulting in
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(2) New proposal of long-life blanket
Recent ProgressRecent Progress
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Dose effects of fast neutrons on SC magnets

Kodama et al., JNM(1985) 819.

=30year x 1013 n/m2s

1.5MW/m2

30 years

STB
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(2) New proposal of long-life blanket
Recent ProgressRecent Progress
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modified

Uniform

blanket

TBR=1.35

TBR=1.09

Further improvements are needed

20% loss of neutrons

Neutronics with CAD-base MCNP on helical shaped system 
 (ITC-15 /  T. Tanaka)

(2) New proposal of long-life blanket
Recent ProgressRecent Progress
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Equations for helical structure

Equations for helical structure
Trajectory according to equations

(p, q) = (0,0)

θ=m/ φ+ α* sin (m/ φ)

Polarity 2
Field periods m=10
Coil pitch parameter α*=0.1
Major radius R0=14m
Minor radius ac=3.22m

A=(a+q)cosθ+Psinβsinθ

x=(R+A)cosφ-Pcosβsinφ
y=(R+A)sinφ+Pcosβcosφ
z=(a+q)sinθ-Psinβcosθ
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Division of cross-sections and making of input data

Divide blanket and coil cross-
sections into quadrangles

Proceeding spirally
according to equations

Side surfaces are divided into
triangles
(blanket and coil surfaces)

Coordinates are 
calculated according to 
equations

Making of geometry data for MCNP code

Breeder
layer

Radiation
shield

Super-
conducting

magnet
(SCM)

Blanket A Blanket B
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Cross-section of FFHR2 blanket (modified)

CAD design

Input data for neutronics calculation

(a) 0 deg. (b) 45 deg. (c) 90 deg.

(a) 0 deg. (b) 45 deg. (c) 90 deg.

Inside of
torus Outside
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(3) Replacement scenario
 Long-life for 30years, then the COE reduced 30%

Recent ProgressRecent Progress
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 Only STB tiles are replaced
with “screw coasters”

 If needed, breeder units are
replaced through large
maintenance ports
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 Visualization of
parameter sensitivities

 Systematic designing
with common images

 Clarification of
unexpected behaviors

(1) PC simulator of power plant operations 
Design methodologyDesign methodology

Acknowledge to
technical supports by
Mr.T.Inoue and
Mr.H.Ogawa.
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ITC-15 / PS2-28  N. Mizuguchi

(2) Virtual reality for 3D design assisting 
Design methodologyDesign methodology

" CompleXcope”
- an integrated VR system -
 4 wall screens
 stereo shutter glasses
 Wanda / tracker
 graphic workstation
 3D-stereo sound system

The “fork” tool
- an intuitive interface
for manipulation of VR
object -
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Summary

1. Design-based system optimization has been studied on
LHD-type reactor FFHR, under the collaboration
activities on wide research areas in the Fusion
Research Network in Japan.

2. There have been much progress on Reactor size
optimization, New proposal of long-life blanket, and
Replacement scenario with making clear key physics /
engineering issues and new research targets.

3. Design methodology has been newly proposed on PC
simulator of power plant operations and Virtual Reality
for 3D design assisting.


