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From FY2010, NIFS Fusion Enq. Research Project
has started towards steady-state helical DEMOQO reactor

based on the 1st mid-term results (2004~2009)

Key subjects are

Design of React & Wind
large size, high field

SC helical coil with e
CIC conductors.
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260 {Condut \
200 SCstrands _ Insulation

CIC conductor

Steady-state
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Coil Support*  Helical Coil

Screw Coaster

non-axisymmetric helical systems
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Fusion Eng. Research Project includes R& D activities

towards steady-state helical DEMOQO reactor

Developments of
(@) Nb;Sn or Nb;Al superconductor
with Al-alloy jacket,

(b) 10 kA-class high-temp.

superconductor HTS.

Flinak with
Temperature : 600°C 17wt% H,0 Steady-state
~ = : : Basements for :
e . 3| Reductionof corrosion o " helical DEMO
% 1o Lo2o= 17 rmay_and T permeation or full-condition reactor FEHR-1
= 4owppm H,0 harrier for liquid blanket testing
S [ me . : - . - "
= ,L> =1 (with U. of Tokyo.) High-sensitive tritium
0 250 500 750 1000 .
Exposure time 700°C. 0.7 mm M0n|t0r
550 °C, 0.5 m
Recovery of welded V-alloy from " (W'th Nagoya Un'V)
neutron damage by heating.
550 °C, 0.1 mm
0.5 T T T T PN
".‘E (b)\\eld metal m/Olnlrr‘ul AE S-W\ 100—um
y §0'4 4 37(“/” A Fa2H | oDs I NH2
5{.&0.3 Cross section of VPS-W coating
1= Jo 3 W coating for plasma facing
20, wall by plasma spray (with
SN = ; Kyoto Univ.)
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Temperature, 7/ K



13 tasks and 44 sub-tasks

for Design and R&D with collaborations

Promotion meeting |
by Exe, Dir. Sagara

Reactor system design group : Sagara / Task/Sub task

sm & Dirs. Imagawa,
H‘Qh‘dﬂmm aphys' High‘m'np Plesma th Mm Task leaders Design Task setting, Project managiment | Sagara, Miyazawa, T. Goto
Plasma heating phys., Device eng. and advanced phys. Integration Felcal DEMO Gonceptial |1 Goro Mivasama Sosra Bt
- Fusion systems, Fusion theocyands:mulatlon S desien e ;
1 Ty uilding layout i Nishi o 0
C\Gﬁ!ﬁb@fﬁiﬁ t&!’Uﬂ)‘" e . *Helical reactor Layout design, process A.Nishimura Goto
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corductor teating feclity Yanagi, Mito basic design | Chikaraishi Transmission. H production S. Yamada, Hishinuma
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Conductor CIC conductor & winding Obana, Imagawa, 1 e :
. Hishinuma = Testing of full-scale | Tritium fuel Safety control Kawano 1
development, Coil - - system e :
winding, Cooling | Indirect °°°!'”§ conductor & w- SC conductor M.Tanaka Bioshield - Radioactivation Yamanishi 4
winding amura N . , g R
Yanagi = T . Helical wmdlng Legislation, Licensing S. Nishimura 3
g HT SC conductor & winding Yanagi, Mito ‘ engineering
EM force support structure | Tamura Imagawa & Operation control Safety analysis, control system Uda B::
Cryostat Tamura J| " Testing for lifetime ¢ r\f-mb& Burn control Mitarai 3
. " Hamaguchi, expansion of liquid Eti Data processing Nakanishi P
Cryogenic LyERBnIo SYEtsin Iwamoto blanket -
apparatus, Coll e = f o | High performance plasma Miyazawa, T. Goto, Narushima i
i . Yamada, * Thermo—fluid ore:plasma
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system dynamics under high :
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Iwamoto Coil power supply system | =07 ™ magnetic field Ignition Scenario Mitarai f
NBI Tsumori, Osakabe e
, 5 Plasma heatin -
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developrient, Breeding blanket J———::"‘Sh"::zfa for heat-resistance Sakamoto Gas-puff Miyazawa
Design - Magnetic diagnostics Sakakibara i
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T. Tanaka recovery system e 'Y 3D divertor Neutron diagnostics Isobe 3
- 3 . : i ' M ki :
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2010

The 2nd mid-term 2016 The 3rd

Step by step advancement of reactor design

£

WConoeptualeesign — Basic design —:-lmproveabmaoslgn

AL

With
universities

: Full-scale, full-
Establishment of condition testing

]

i
engineering base . 5

i

1

|

Large-scale high-field
superconducting magnet

Long-life liquid blanket

Low activation structural

materials

High heat flux plasma facing
wall

!
Tritium control JT.
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Re-design, enhancing robustness, construction and safety

Based on FFHR2m1

Superconducting

Superconducting
poloidal coils

helical coils

Cryostat

Blanket

Vacuum
vessel

i 1

Core plasma

Support
structure

l ]
| R =14 m !
A. Sagara et al., Fusion Eng. Design 83 (2008) 1690—-1695

Support post
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Radial build between coil and plasma

8 .
6 . y
4 -
2 - —> S
-4 i
s : b
-8 F ] wi

6 & 10 12 14 16 18 20 22 24 Ac—p ‘"
Rim]

8 I ; ; ; i i ' l i =
6
4 This space includes:

_ 2 helical coil bottom plate

T ® -thermal insulation gap
j *vacuum vessel
5 | *blanket system
s e e T s S s plasma-FW clearance

6 8 10 12 14 16 18 20 22 24
R[m] Sagara- 8/32



1st cycle
~Decision of main design parameters~

R.=15.6m, B.=4.7T,

Extrapolation of A.,=89cm,<[ >=1.5MW/m?

LHD exp. results
(ex. #96164 @6.9665) /\

Design integration TG

! ; *Consideration of radial
*Reconsideration of build

the design window

*Decision of density
and temperature
profile

breeding/shielding
layer thickness
(neutronics calc.)

*Consideration of the
maximum allowable
nuclear heating in
magnets (cooling
capability calculation)

ull cove
TBR=1.27
g=0.5mW/cc

Sagara- 9/32



Direct Profile Extrapolation from LHD data

J. Miyazawa et al., FED, 86 (2011) 2879.

DPE enables “deductive” fusion reactor design, where the plasma
performance determines engineering parameters.

#96164 (t = 6.9665): E\XP) . S Yo Reactor .
R =360mB =275T ~ wofn Y Toso]
il T T T T — e 0f € T | 1
< N . ] nBE S 5] 25 Ty T g T T
gg 10 e -:-; W ‘..‘.. ‘ < : L :mm"; . ] | \ YDP_E 1.0
(=) g i :
A (' “\ e -
0+ : : : + -
- 2r T 1 Treactor(p) - fT Texp(p) 20 [
% e " “""'.\‘__ _ [
< 1r '_/ ‘-\ nreactor(p) - fn nexp(p) o __
oot i a =t & 15._y=1.26|
2 B o "..a-,-..' 4 reactor a “exp | DPE |
q .’ ¥ y R =f R - f =5.39 1
S 1t ’/v" - 1 reactor — 'R "exp 10 i B I
ax: L f =2. !
0 0 : ; \ Breactor o fB Bexp - N 50 !
105 005 F R =3.60m, B =2.75T
p P =t P E ax P P <
reactor P" exp 5Fs =100%, y 41,254
fo=f, 12 [ (06164, 6.9
T= B h B " (#96164, 6.9665)
25§ 25§ 3§ -15 oo

1 oL
fR3 = fP Pexp / (fnzfo (Poc’ - PB,) (dv/dp)exp dp ) ’

The reactor size is determined as a
function of:magnetic field strength

Radial profiles in experiment are

directly extrapolatedi to reactor:




Design window by the system code

1. Required confinement improvement can be relaxed by reducing the minimum
inboard blanket space without the increase in the stored magnetic energy.

2. The blanket space can be reduced by the use of advanced shielding material.

nea/nsudo='1-1 Y ___126 16 —— JLF-1
18— = 107 T T e ULF-1 (10 vol®)
: Q 15[ ! | +B,C (30 vol.%)
3 10 ' 4 BC
17 | E 1 014 Er i . ZrH1‘65
; 7 > We
| R ’61013? : AN ) ]
. \;51\1012;“’ ~.“9\.Z\ ' = ]
16 3105 AR
i < 210"k Ny e
3 0.5 1050": | Noh G 2]
e | _5; —p-l 0 E.....J: ................. :n. ......................... i::;:y\-i-z:g;&h—!é
1 2l 1o (Breed™d  Radiation YT
' + ¢ layer | ’ 5
8 103r {Flibe+Bé) shield »’-«-.ﬁ
| L E : 68 cm :
14 7: :{ 32 Cllm: 1 1 1 i ]
| 077020 40 60 80 100 120
' S A . Fluence limit for ~ Position (cm) +— ~20cm
By 5 E‘Bml 6 7 8 30FPYs operation . ' thinner
T. Goto et al., 21st Int. Toki Conf,, 2011, P2-94, Revised from A. Sagara et al., FED 83 1690 (2008)

and submitted to PFR. Sagara- 11/32



Design of the inboard space Ay, (this case 8% mm)

to ensure the gap at R.T. (this case 10 mm)

63 (gap) ., Thermal shield (40—-80K)

Coil bottom frame (4K) Vacuum vessel (400K)
Ik

Blanket
/shield

Normal operation

$ poddns paxi} \

B e o e e, (e

o [t | *+ breeder Plasma

MmN - ’ (max. 900K)

SRR =
® il R _

-4 —U # # : ; — |

o \_ﬁ 7 |

e s G S S s W : 32

6 8 10 12 14 16 18 20 22 24 35 30
o 900 / 7% (mm)
\Acp =890 )
| , (40413)mm shift 3 700
j mm

Construction and Blanket

maintenance = | /shield for blanket
8| + breeder
2! (RT)
O
o
2

H. Tamura et al., in ITC-21 (2011) Sagara- 12/32



TBR > 1.15 with n multiplier
and shielding for SC are possible

In case of Li/V,
shielding with WC etfc.
. would be necessary.

Neutron wall
loading:
1.5 MW/m?2

Fully covered TBR

D)
LL
S~~~
(B)
m
+
(B)
=
T

[ Outboard ]

Breeder: 60cm Shielding performance

10 N ,
(Multiplier 150% X107 with FS+B,C shield
FS+B,C Shield: >50%&m 10
[ Inboard ] ’ D 4x10 _
Breeder:15 cm s 3510 ey >
>
(Nuclear heating: ~0.5 mW/cm3, = “c 2410 +
- £ 4] C
Fast neutron flux: ~3x101° n/s/cm? at SCM) S L I= D
. . . 10 —_— —
Simple torus model for neutronics analysis 3 = 1x10 L
0 _
S 0
LL‘G Blanket concept

I Tanaka et al., submitted to IAEA-FEC24 Sagara- 13/32



1-D thermal hydraulic analysis of CIC conductor

There is a possible operation window for CIC
conductor with supercritical helium coolant

1592

| : | . |
40 50 6(()) 00
Mass flow [g/s]

Acceptable range: 41-47g/s
AT<1K, AP<0.1MPa

S. Hamaguchi et al., in ITC-21 (2011)
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Design parameters

LHD FFHR2 FFHR2m1 FFHR2m2 FFHR-d1
Standard

Coil pitch parameter Ye 1.25 1.15 1.15 1.2 1.25
Coil major radius R, 3.9 10 14.0 17.3 15.6
Plasma major radius Rp 3.75 10 14.0 16.0 14.4
Plasma minor radius a, 0.61 1.24 1.73 2.35 254
Plasma volume Vp m?3 30 303 827 1744 1878
Blanket space A m 0.12 0.7 1.4 1.05 0.765
Magnetic field B, T 4 10 6.18 4.84 4.7
Magnetic energy Wmag GJ 1.64 147 133 160 160
Fusion power Pfus MW 1 1.9 3 3
Neutron wall load I, MW/m? 1.5 15 1.5 1.5
H factor of 1ISS95 H!5595 2.40 1.92 1.92 1.64 2
Plasma beta <p> | % 1.6 3.0 4.4 335 5
(evaluated with B,,)
Divertor heat load (A 0.1m) e MW/m? 5 7.2 1.9 8.1
Total capital cost GS(2003) 4.6 5.6 7.0
COE mill/kWh 155 106 93 Sagara--15/32



2nd cycle
~Design of in-vessel components~

*Consistency check

(divertor trace *Optimization of 3D
calculation, basic lanket shaping
shape determination (3D neutronics calc.)

*Divertor/port design
_ *Pumping performance
0 14 18 2 Calc.

R[m]

L
6 10 14 18 22 26
Rm]

Pumplng port

Sagara- 16/32
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| r
2% [1] Radiation shielding T. Tanaka, ISFNT-10
. . . 1.ox10' ———————— - —WC : 5 '
Evaluated shielding performance < | R I
Né 8. 1d i / - -WC +He +BC |
(a) WC shield (b) WC +B,C shield 2 | .
WC + H,0 or WC + He < 60x10° WC+He Target 1
“Shield Flibe cooled WC + He =) ' g for 30 years
(FS 10 vol. /) Breed,ng blanket + B4C (5cm) 8 4,0x10° /// operation |
‘ ¥ - 5 -~ WC+He . '
0 ,OE i
55 2 200107 ¢ +B,C = yycrH0 \
VggsL{ng/n 25 Cm 15 cm 50 cm 15cm 0 Vv |1O .20 . 3]? |4O o >0
Configuration of inboard radiation shield olumetric ratio of coolant (%)
(SCM*: Superconducting Magnet)  Fast neutron ﬂux (>0 1 MeV) at SCM
5
B Main shielding material: WC E A . : wg:&g |
B Coolant: Water or Helium S | | “oWerHessC ]
o 3
» The blanket space at the inboard side % - WC’LHea’ acc"gggg}g%ve i
could be reduced to 70 cm &: 2r p for SCM cooling
for FFHR-d1 (DEMO). Bl wore
O D WC";H O
3 ~- *+B,C

» Fully-covered TBR: ~1.3* A o |
(with Flibe+Be/Ferritic Steel blanket) 0 10 20 30 40 %
Volumetric ratio of coolant (%)

Nuclear heating at SCM (Nb,Al)

O T

*A. Sagara et al., in this conference.



1 [2] Support of helical blanket 7. fanaka, 1sFnT-10

Thickness of vacuum vessel in FFHR

Vacuum vessel
(5 cm thick)

B Thickness of vacuum vessel in FFHR2
design: ~5 cm

» It would be difficult to support all the
blanket component by the thin
vacuum vessel.

» Possible to support by radiation
shielding layers?

Cross section of FFHR2-m1
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' [2] Support of helical blanket 7 ranaka, 1sFnT-10

Two-layered radiation shield

32cm 67 cm
Plasma Radiation *53
shield g)
14 MeV (FS 70 vol. % ‘25
neutrons +B,C 30 vol. %)
~ 0
e Flibe (~500 °C)
channels Fl|be + Be

Structure of Flibe+Be/Ferric Steel blanket

B Main materials for outboard shield:
Ferric steel and B,C

B A two-layered shield has a similar

performance as an uniformly mixed
shield.

» A ferric steel layer could be used
for a main support structure
of blanket and shield.

Two-layered shield

Breeding Ferritic qé,
blanket steel B,C o
=
1016 Neutron wall loading: 1.5 MW/m?
—_ - ' Single layer (Uniformly mixed)
Q 1015 I —=— FS(70vol % +BC(30vol.%
“E —— WC
(@) 14 Two layered
> 107¢ —e—FS/B,C
g S ; : i
5 10° E § Breeding :
= 2 E blanket
S 1012 a i 1.
S - ] g
3 1071 Target IS
2 10 = for 30 years §
+) i O eration 1
L 2 i
‘I(f L I L 1 P | 2 1 . 1 1
O 20 40 60 80 100

Position (cm)

Attenuation of fast neutron flux by
two-layered shield
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2 [2] Support of helical blanket 7. 7anaka, isevr-10

Mechanical stress on helical support layer

B Mechanical stress calculation
for helical radiation shield.

- 72° section model (1/5 of torus)
- 20 cm + 10 cm thick; two layers
- Weight load:
Own weight + shield (295 t) + blanket (100 t)

118
SMN =245525
SMX =.687E+08

» Estimated maximum stress of ~30 MPa
would be acceptable.

Cation of mechanical stress » More detailed investigation and optimization
in radiation shield layer of the structure will be performed.
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213 [3] Cooling of helical blanket . ranaka, 1sFnr-20

Size of helical blanket modules

Support
structure for Vacuum —
coil system vessel .
Shape of helical blanket system

B Size of maintenance port has been
investigated by mechanical stress
analyses™” for the support structure
of the magnet system.

i | » Maximum size of helical blanket
Maintenance port openings modules would be ~2.5 m x ~4.5 m.
in FFHR-2m1"

*A. Sagara et al., Fusion Engineering and Design 49-50 (2000) 661-666.
**S. Imagawa et al., Annual Report of NIFS, April 2005-March 2006, 274.
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7 [3] Cooling of helical blanket . manaka, 1sent-20

Heat removal in Flibe blanket

Geometry and result of heat transfer calculation

Heat removal of a Be pebble layer has
been investigated in the present study.

Temperature of ~0.1 m/s Flibe flow in a
Be pebble layer increases from 450 °C to

550 °C during go through ~4.5 m long
channel.

Nuclear heating in Be is lower than that

in a Flibe coolant.

In a ~550 °C Flibe coolant, a temperature

of Be will be ~700 °C

Control of heating in a Flibe+Be pebble
layer would not be a severe issue.

for Flibe+Be pebble layer =
(for neutron wall loading of 1.5 MW/m?)

32CM o 67 cm >
Plasma | Radiation 3
shield =1
14 MeV (FS 70 vol. % =
neutrons +B,C 30 vol. %)

/N ' ~
,* Breeder . Flibe (=500 °C)

. N\
/* channels Flibe+Be

A
= 0.000
o 4 . 2.000
x _’ IA.uuo
5.000
c ’ 5.000
. O 3 ‘ 10.00
.-E _’ I 12.00
[7,) 14.00
O 5 * 4 15.00
(el *’ - 13.00
44 2000
X Izz.uo
2400

50 250 300

' Position Z W/cm? for neutron wall
égﬁﬁg/'g; loading of 2.0 MW/m?

Distribution of nuclear heating
in FI|be+Be/Ferr|t|c Steel blanket

Temperature, gC

728.0947 .
710.7138
693.3329 .
675.9520
658.5710 .
641.1901
623.8092 .
606.4283
589.0474 ()
571.6664 OC
554.2855 '
536.9046
519.5237 (4 OO' m/S
502.1428
484.7619 ¢
467.3810
450.0000 \ ..‘!‘!‘
1 L B |
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210 [3] Cooling of helical blanket . ranaka, isent-10

Magnetic field in helical blanket

Blanket B

Magnetic field distribution in helical breeding blanket

Directions of magnetic
fields are different in the
blanket A and B.

Optimum flow directions
for liquid coolants will be
decided by the magnetic
field distribution.

For Li coolant:
Parallel to magnetic
fields to reduce MHD
pressure drop.

For Flibe coolant:
Magnetic fields would
affect the heat transfer
performance’.

*S. Satake et al., Annual Report of NIFS, April 2007-March 2008, 282.



Fuel rate 10% [atom/s]

Hydrogen isotope circulation for

burning plasma sustainment

R. Sakamoto, NIFS Annual repo. 2010-2011.

1. Burning rate of DT fuel is less than 1 %, i.e. burnup/fuel = 1x10%! 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.

e 5ginthe gas exhaust loop assuming T= 1 s for pumping and compression.
« 80 g in solid hydrogen reservoir assuming T= 40 s to solidify hydrogen gas.

Solid Hydrogen Extruder

1.0 I I T T T ] 20
I : 5
Or . o)
0.8 115 §
' 1 S
0.6 1 =
7 ®
I Fuel rate @10 g
0.2} P =
I Injection Frequency | N,

0 1 1 1 0

6 8 10 12 14
Spherical pellet radius [mm]

Minimum requirement ofi DIl
fuel is at least 3%x10%° s to

sustain burning plasma.

Target plasma parameter: 10 keV, 2.5e20 m*
Fusion output: 3 GW

Pellet size: r=7.8 mm (11.9x10%)
Pellet velocity: 1000 m/s

Motor

Cryostat
T 1
Boundary Plasma 40K
. . . 3.57e23 /s
Differential Pumping System Heat | 4.83e23 /s 128.1 kg/day
Core Plasma Exchange Fuel Gas Hydrogen Gas
0.022623 /s €
0.8 kg/day 3.534e23/s 357e23/s Cold Head Colfi Head
Burning tion Pellet X X
-, € <& = o T
X ropellant Gas
0.036e23 /s Cutter FastValve 12 0623 /s
’ Compression
Drier Propellant Gas . A | 13.26e23 /s
35720930 v p LSurpIus Solid Hydrogen O
@ 12.0e23 /s @ 1.26e23 /s
3548623 /s Pumping Pumping
127.3 kg/day

Youmping  3x1023/s ~1000 Pa-m3/s

Steady-state evaluation of hydrogen isotope

circulation for burning plasma sustainment

Sagara- 24/32



2"d cycle

Joint works between NIFS Projects

2 Experiment and DPE to
self-ignition condition

Extrapolation from LHD (#96164, t = 6.966s)
to FFHR-d1 (B =509T,R =14.4m)
reactor reactor

cof T T T T - ™
ne Reactor . fn 4-13_

LHD
i

Beng Reactor e fB =7.71

Radial profiles
extrapolated from
LHD to FFHR-d1

Large maintenance ports
are available w/o IS coils

1 Proposal of experiment
with FFHR-d1 like
magnetic configuration /)

Direct Profile
Extrapolation

3 Reconstruction of
MHD equilibrium
using HINTZ2 and
VMEC

FFHR-Ref3

—

| * , nfis]
* %, Infls]

GSRAKE

0 0.2 o'.4po'.s 0.8 1 results

4 Detal
stud

-
g3

vacuum

E 8 8 888 88

8%

“13632343638404244

led physics
les become

possible

~ R0,
Bo~8% .

EASSRRR. . vacuum

HINT2 results
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Option: Helical coil winding by joining
HTS conductors

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

welding L%A : ) . . :
/ ® Continuous helical coils by joining half-pitch

Oldeflng conductors (0.36 NQx 8000 @20 K = 4.5
; é MW@R.T.)

./ C\ ® 10-kA conductors with joints have been
N g OPPET successful and 100 kA will bg tested next year
Stainless Steel

\ /
Copper . Insulator ) HTS Conductor

(upper half-pitch) —\
\ < 1

\ / \
HTS Tapes \

Insulation Stainless Steel HTS Conductor HTS Conductor

H. Hashizume et al., J. Plasma Fusion Res. SER/ES 5 (2001) SQ&mt piece) (lower hali-pitch)
N. Yanagi et al., Fusion Science and Technology 60 (2011) 648
N. Yanagi, HTS*Fusion Conductor Workshop (2011) KIT, Germany Sagara- 27/32
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Integration for steady-state blanket system in NIFS:
Orosh?i-1 (Operational Recovery Of Separated Hydrogen and Heat Inquiry — 1)

Hydrogen sensor with Hydrogen Hydrogen sensor with A Sagara et al " FUS SCI .
proton conductor _rgcovery section L proton conductor TeCh nOI ., 60 (20 11) 3_ 10

Hydrogen
charge section

Mass analyzer

873 K

Heater

Test section for hydrogen
permeation barrier

Forced convection loop up to 873K
Flinak (LiF + NaF + KF) as a candidate,
and as a stimulant of Flibe (LiF + BeF,)

Compatibility of hydrogen recovery and
heat recovery

Pump for molten
salt

Heat exchanger Dump tank
(1000 cc)

Cooler

Plan

Test section

‘. Gas line filter
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Enhancement of Blanket Operation Temperature by
Dispersion Strengthening with Nano-Particles

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.

= - . I ¢ I I . |
14 _ 550°C V4Cr Ti TiC Dispersion
12 b 300MPa - E rStrengthened V-4Cr-4Ti |
< 10 'L'c‘:'WAEiii}ét‘i&ﬁ‘Féf‘r’i‘tié‘éi’ééi'(JEF"-W ) o L TARCTIE SR
£ o/ T . (annealing temperature)
R 6 M- ‘
2 9 _)g_o_lg_D_!_s_g_e(_s_l_gq ________________________ §
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R \ ] i
s B |w—r"l—|“r—rl—r‘|‘r| Il Nano-Y O 250 MPa, 8000C Nanp-T.c
0 50 100 150 200 250 300 350 particles 0 0——"T000 2000 3000 3000 particles
Time, hr Time / min
Ferritic Steel Vanadium alloy
H. Kurishita et al. ICFRM-14 (2009)

Y.F. Lietal. SOFT (2010)
Maximum Operation lemperature Maximum Operation Temperature
RAEM : ~550°C V-4Cr-4Ti : ~700°C
ODS-Steel : 650~700°C ODS-V alloy : ~800°C

Eabrication technology, fracture toughness and isotropy of strength

are the key issues
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Irradiation effects and recovery on
weld joint of NIFS-HEAT-2 V-4Cr-4Ti alloy

Impact energy of base metal

5T —
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E /2
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0300 2100 0 100
Temperature, T/°C
Impact energy of weld metal
Snp -
NIFS-HEAT-2 o Unirrad.  E
4 e - _-JG'- ------
3
2
1
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-100

-200

0
Temperature, T/ °C

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 enerqy
was lost at 8.5 dpa

The fracture energy was recovered by post-
irradiation annealing at 600°C for 1 hr

NH2 Weld Cross section




VPS-W coating
on low activation materials

W coating for the 1st wall was FRIHAW
fabricated on various low
activation materials by vacuum
plasma spray process

Substrate temperature was

controlled around 550°C for
F82H, 700°C for ODS and
L ,»}NH2(V—aIIov) respectllvelyr

50 LLm L ' - ]

F82H OoDS NH2
Surface after VPS-W coating Cross section of VPS-W costigyga- 31/32




Summary

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

o 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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