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JT-605A Mission of the Project

._- BA-Satellite Tokamak Program

The mission of the JT-60SA project is to contribute to the early realization of

fusion energy by supporting the exploitation of ITER and research towards
DEMO, by addressing key physics issues for ITER and DEMO.

Roles of JT-60SA contributing Target regime of JT-60SA
to ITER and DEMO

Higher-beta & Longer Duration
are pursued on JT-60SA.
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JT-605A Larger & Highly Shaped Plasma

o - BA-Satellite Tokamak Program

« JT-60SA has been designed to realize a large size of plasma configuration

contributing the exploitation of ITER and DEMO with superconducting
magnets and additional heating up to 41 MW for 100 s.

Superconducting Tokamaks

JT-60U | JT-60SA JT-60SA(A22.5,Ip=5.5 MA)

ITER
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JT-605A Phased Operation Plan

@ - BA-Satellite Tokamak Program

I
Divertor and remote handling (RH) system shall be upgraded according to

“Phased Operation Plan”

Neutron . . Divertor & RH
Phase Gas RH | Divertor | Heating power _
(nly) improvement
T 23MWx5s Commissioning
LSN 121 sMwix100s2 | Improving and
- :
Initial Partial 33MWx5S adding monoblock
R&D | Mono- “ target
21.5MWx100s™ | and endeffectors
| p | 4E20 LSN Test of RH system
Full 37MWx60s
Integrated :
Il 1E21 Mono- | 27/MWx100s Preparation for
Use | block metal armor and
Extended 1.5E21 DN | 41Mwxioos | UPPer divertor

*1. Monoblock CFC targets will be installed 40 degree of outer target (1/9 of torus) at
start of initial phase and added during initial phase.

*2. High power and long duration heating will be limited due to remaining bolted CFC
divertor targets. 4
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v Enhancement of recycling and radiation by a
private dome and “V-shaped” corner similar to

!7'605‘4 Objectives of divertor design

ITER support

TER divertor geometry

~

(v

v

N

Particle and impurity control by divertor
pumping

Physics data base of plasma wall interaction in

carbon and metal wall for ITER and DEMO

™~

J

\_

v Divertor geometry compatible with high beta

plasma operation for DEMO

/

ITER complement for DEMO
Cost reduction



17'605‘4 Design Requirements
E——

v Handling of 22-41 MW heating power during 100
seconds

v Remote handling maintenance compatibility to
allow high performance long pulse plasma with
large neutron yield

v Divertor pumping capability comparable to ITER
divertor

v Allowing high xand 6 configuration with large
volume

v Gradually upgradable design for PFCs to change
plasma facing materials

v Compatibility with diagnostics
v Reliability and integrity for operation




JT-605A Design Concepts - Geometry -

@ [ 5A-satellite Tokamak Program

Vertical targets (VTs) compatible with
ITER like and high 6 & xconfigurations

Heat load on the outer target
at 41 MW heating power

s _10021mesh evaluated by SONIC code
o e ; 20T ' ' 1
.......... =0.9m A \\\\’7/: = ' , (@):VTs +dome
o Egog] \AY; “m < 15 il allowable level |
.om £ .
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s S
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~=7 2 M)
. corner o sl .l:. detach
Pumping slots
-3.0
2.0 2.5 3.0 0 4 . :
f R (m) 4 ‘ | : u«uo:moul
................. » Space for structure (cassette, armor etc.) i : -
- : : c): (b) + 0.1m high -
are strongly limited to achieve high 6 & x T 15 |y (c): (b) R .g er X-point
configuration at low aspect ratio. § e
“ " . = 10t .' * _—attach
V-shaped” corner enhances recycling 5 ;’
. . E= | d h
and radiation loss. il i

Height of dome and position of pumping R o7 02 0.3
Asep

slots were optimized. Ref. H. Kawashima and et al., Fusion Eng. Des., 83 (2008) 16438
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Design Concepts - Pumping -

Pumping effects on the plasma

parameters and heat flux
i DetachedArea  Attached Area
i 1o 30 S S . WTW;;M:: id
e \‘:,'W % | lle
L.1;;:20 - | 4 2
s |
Flux Pump Place ol 1
o 60SA ~10%%s 100m¥s In-WW =0 p Sl T R
g | TER -10°s 200mls Ouside [T T r'led's o sp"'mp”e'&"e)__ ;0
ol i
,LCryopumps (~ T e e h
Comparable to ITER divertor *° = et o
pumping (~200m?3/s) gl N0 1e
1 | | 1 | L
9 cryopumps are installed behind the 1510% R . —
divertor for large and variable pumping | _ ”02“1 S P R -
speed. W ' [ | pumeing == ==
: (o] " R e e
Strike point plasma and peak heat load |= ' —lf”e”'"g >
can be controlled by changing pumping Ty abop——
speed with constant core edge density. T T e wm W w
_ Spump (M3/s)
Ref. H. Kawashima and et al., J. Nucl. Mater. in Press

(x10'® m3)

(x1020 m®)
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41MW heating, n 2 ~1E20/m3,
=15x102%1/s

Design Concepts

Heat load

41MW heating, n 2 ~5E19/m3,
[ =6Xx10%/s, Ar puff (Na/Ne=2%)

vz

Odpl_|_RI0OZWHE vi122 prf Cuipl_p_RIDGSWIS w122
20 20 = s —
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(a) Wiag
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—-=--case A — Ref. H. Kawashima and et al.,
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siskaeEne C Fusion Eng. Des.,
| 83 (2008) 1643.
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JT-605A Design Concepts - Cooling -

_._- BA-Satellite Tokamak Program

All PFCs are fully water cooled for high power long pulse heating
CFC monoblock target similar to ITER divertor are applied for 10~15 MW/m?2 x 100s

A" kN J "B

| 1000 cycles || 2000 cycles || 1000 cycles |
30mm 02000
(1): existing the crack in | 7 .,‘,“;éa@. 8
direction in CFC = T e 3
block ©
(2): the maximum 01000
temperature o
) (3): the representative at g 500
Full-size mockup of monoblock target the monoblock =
receiving 2000 heat é
o _ cycles = % 500 1000 1500 2000
Ref. S. Higashijima and et al., Fusion Eng. Des., 84 (2009) 949. Heat load cycles

Bolted armor tiles on cooled heatsink are applied for £2 MW/m?(100s) and ~10MW/m?(trans.).

T/C for tile (b) 600

(a) 24mm  CpC

PGS 0.lmm x 3
Tile T/C A&B ;I'ile T/C C&D

AN B B \ = 500 F  IMW/m? x 100s
4 ] N
om0 MO CUCZE pyC forpeatsink | 0 [
Smooth tube 1 3mm 400 |

TCA T/ICB 125m

300

200

> 0
- o
o=
w- (9]
o
[+ 1)
=
a

I A

=

T/C temperature ('C)

TICC T/ICD

100

0 50 .]0(} 115() 200
Ref. K. Masaki and et al., Fusion Eng. Des., 85 (2010) 1732 Time (5) 11



JT'60§.4 Design Concepts - modularized PFCs -

BA-Satellite Tokamak Program

PFCs are modularized and mounted on a cassette
frame to be upgraded and improved.

. Each PFC can be replaced by human work in hot
. cell after removal of divertor cassette from VV.

- —

Cu alloy heatsink

SUS316L support structure
Divertor Cassette
N

Bolted
CFC tiles

Main coolant plpes " Ribs’



JT'60_§.4 Design Concepts - Divertor cassette -

_- BA-Satellite Tokamak Program

EE————
v'Coolant pipe connections for the PFCs are integrated and connected to

in-vessel headers at outboard side.

v'Cassette shall be installed and replaced through a horizontal port
(H1.8m, W0.6m) of vacuum vessel by remote handling system similar to
that for ITER blanket.

Inner
basement

10deg. x 36 cassettes

Pipe connection
between header
and cassette

Bottom
basement Outer

basement

Divertr casstte

Space for cryopanel Header (inlet)

Header (outlet)

Ref. S. Sakurai and et al., Fusion Eng. Des., 85 (2010) 2187 13
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JT'GOSA Key technology - Monoblock targets -

® [ =4-satellite Tokamak Program

I
Metallization inside CFC blocks and careful

control of gaps between CFC and Cu parts were
introduced for good bonding.

12 full-size mockups were brazed in one furnace
to check production yield.
Bonding performance of each blocks was tested

by screening and cyclic heat load test.
Good : Max. surface temperature <1700°C

| IRTV image at ~15MW/m? |

X
o 60 —@ = 100
O T et .... ........ A e isssssssssEsEssEsEssEsEsEEsEEEEEEEEs .
s <€ — > o o
o @ 50 X
© 0 240 | orcutayer Allowable gap > 2
€5 % \ Erazing 60 = 5
QT o3 O o O 5 €
— E c O
02 . . 40 o ©
y— N 20 F Blocks with Circumferential ol o]
o Q CFC i = 3
= N 7 crack in 24 edge CFC blocks {0 5
) o 10 CuCrZr tube >
g 0 | l_l | E | | | | | | | 0
= 170 175 180 185 190 195 200 205 210 215 220 225 230

Total gap between parts {CFC/OFCu/CuCrZr} (um)
Total gaps were scattered due to scattering of metallization thickness.

Total gaps shall be 180-195um to obtain good reproducibility. 15



Advanced Superconducting Tokamak
o - BA-Satellite Tokamak Program

£€—~ JT-608A Key technology - Remote Handling -

(procedure)
Tiles of inner baffle, inner part of After cutting pipe connection and
private dome and cover for pipe loosening fixing bolts and a key,
connections are removed for tool divertor cassette is moved 40 mm
access. Bottom tiles on stabilizing outward to step aside inner first wall.
baffle plate are also removed to Then a cassette is lifted up by RH
make clearance. manipulator.

Inner first wall Clearance ~50mm
overhangs ®

divertor cassette

Bottom basement and key Outer basement and slot
Ref. S. Sakurai and et al., Fusion Eng. Des., 85 (2010) 2187 16



Advanced Superconducting Tokamak

nEG———JT-GUSA Key technology - Remote Handling -

© [l &~ -sateliite Tokamak Program (AI | g nmen t)
Alignment in installation procedure
A cassette is lifted down at Key of bottom base plate A cassette is moved
40mm outside to step aside  engages with slot of a inward to attach inner
from inner first wall cassette at first. Then, basement and key of
Clearance between | cassette frame engages ;| inner base plate

first wall ~10mm

—

outer base plate.

Aligned in vertical and
toroidal directions

N <— engages with slot.

57 Cassette Cassette
frame
_
ol slot

Basement =
A-A - View C 17



Advanced Superconducting Tokamak
o - BA-Satellite Tokamak Program

Endeffector of manipulator
Chuck position

Is adjusted

CHUCK LIFTER i E; ZMTCH
M CH
I/ I ) ﬁq’l /}-- l
I N\ .~ \
\ NN g !
\ ! N g /
\ \ / _;Q;~\‘ ) —~ y
' ROLL ] Il
\—I ' %7 a — T 1T b
v SS316L
Chuck holes . support structure
$30mm ‘
® . CuCrZr
Y -/heatsink ™~

. \
®

" Hooked and/
gripped position

éé::JTﬁUSA Key technology - Remote Handling -

(Handling tools)

Allowable weight of cassette ~800kg

Divertor cassette has holding
points for manipulator and
transporter of RH system.

RAIL SUPPORT
GUIDE ROLLER

)

Rail Support

Horizontal port

RAIL

Gravity
center

DIVERTER

|
|

Pad

H1.8m x WO0.6m

<=
/Locater Pin /}

Divertor transjporter

Ref. S. Sakurai and et al., Fusion Eng. Des., 85 (2010) 2187 18



Advanced Superconducting Tokamak

2L Electromagnetic Force Analysis

%:JT-EOSA Structural Integrity

Plasma current decay and profile, Halo current
waveform (DINA code: toroidal symmetry)

Eddy current and its EMF (EDDYCAL code:3D)

Max. halo current was normalized as
1,*TPF<0.5. (ITER physics basis)

Effective I halo

Material resistivit .y
ST == Inlet and outlet position of halo current were
Cu aloy 2sesom | grtificially provided.
SUS 15mm + Cu 25mm 3.70E-8 (Qm)
, SUS 15mm + Cu20mm | 4.03E-8 (2m) Ref. S. Sakurai and et al., Fusion Eng. Des., 85 (2010) 2187
SUS 20mm + Cu 25mm 4.13E-8 (Qm)
10-degree model
(Pa) (Pa)- (Pa)-
Eddy current EMF =g Eddy current EMF waiy Halo current EMF touee
at 4.5ms . vt 20mMs e At 20ms e
in MD 4ms case /.7~ e in VDE 30ms case, wass IN VDE 30ms case , 20 s
F‘ \{, /G 1.48+00 J;‘::k ! £ 942 | 1 -:J?I:I,N‘aﬁ_ Halo Curl’ent_l.-:-' 77 _:‘L:‘ 75
3 \ \ : e | ¥ : T | ‘_,. @, I'.-": .-" ' gl i
Lo | 41 R QG . }l"x";"; AT 560+
I . g\‘:\ Wi
928400 ! s = : B \A“ : {5 é;r " o
7.42+00 ‘ S : {E; 378
e T .I 5’“\*:’3} 2,85+
3.71+00 ' \"h, ' 1.90+

Eddy current on outer baffle, inner and outer targets cause overturning forces 1g



" JT.GOSA Structural Integrity

Advanced perc ing Tok

oo sermie Tot Static Structural Analysis
e FEM model ~ Displacement due to
Bolts dead weight, coolant pressure and EMFs
for cassette frame ~ Contact T R
between frame and basement
% R\ /between PFC support and frame
H i en heatsink and PFC supportA_
il Displacement
Hi at 20ms
i in VDE30ms
H B : Contact
; Hig\Keys to slot
for cassette frame :
Pumping
slot
Contact interfaces were modeled "

\Wlth nonlinear spring elements / Displacement

} at 4.5ms
Concentrated overturning force on o MDAMS
an outer baffle causes large
displacement of support structure
of outer baffle.

Ref. S. Sakurai and et al., Fusion Eng. Des., 85 (2010) 2187

20
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Advanced Superconducting Tokamak
® - BA-Satellite Tokamak Program

VDE 30ms

MD 4ms

Ref. S. Sakurai and et al., to be published in Fusion Eng. Des.

631400 case o, (MPa) for bolts o, for keys (MPa)
5.18+00 Inner Bottom Outer Inner Bottom Outer
VDE 30ms 14 - 30 5.4 8.1 7.8
1 | vD4ms 58 | 44 | 42 | 14 | 44 | 44

Structural Integrity
Stresses of frame and parts

Tresca stress (Pa) Tresca stress of a cassette frame and support

1.90+001

structure of PFCs are generally small (<0.5Sm).

1.73+001

1.55+001

Overturning force on an outer baffle causes
large local stress in MD 4ms case.

1.38+001

8 Integrity of bolts and keys fixing a cassette

8.64+00

Trescastress (Pa) Local stress near the welding joint of cassette

1
1
1

a A: G, =132MPa <1.5Sm (VDE 30ms)
=t B o, ,, =176MPa ~1.5Sm (MD 4ms)

-
s INtegrity of fixing bolts for PFC support
won T (MPa) : 69(SUS316), 196(A-286),

astsc0 300(SUS316L-HiMo class100)

=e® C: o, =109MPa

™1 D: o, =142MPa

3.45+00

=% Quter baffle support structure shall be improvegl.

-8.00




il JT.GOSA Improvement of outer baffle design

Advanced p ing Tok

e Insulation reduces eddy current EMF

Eddy current

heatsinks

Electrically
connected

(A/m)

Large eddy current loop 7 Eddy current loop in each heatsinks

Overturning Electro Magnetlc Force

forces on
outer baffle/:

Original fully connected design Partial insulation Full insulation

3.000+05,

2.700+06

2.400+064

2.100+05

1.800+05

150006

1.200+06

9.00005

6. 000+05

3.000+05

0.000+00)

7.000+06,

6.300+06§

5. 600 +06

A P+06

4. 200+08

3,500 06

2. 80005

2. 100+06

1. 400+086

7. 000+05

0. 000+00)

22
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Advanced Superconducting Tokamak
o - BA-Satellite Tokamak Program

Improvement of outer baffle design

EMFs on pipes and headers are small

An eddy current loop closes in an each heatsink and does not make
large loop through pipe connection and headers even for full insulation
between heatsinks and their support.

Full insulation model in VDE 10ms case

Eddy current
(A/m)

_ 2.00D+06
Lo

[ f
¥ T4 2.000+05
e _-( )

|

2.00D+04]|
2.00D+03

2.00D+02

2.00D0+01]

2.00D+00M

(log. scale)

EMF due to eddy current (NIm?)

(log. scale)

5.50D+06

5.50D+05

5.500+041

5.50D0+03

Wl 5.50D+02

5.50D0+01]

0.00D+00M

23



cé:—,JT-60$A Improvement of outer baffle design

EM stress analysis of heatsinks and pipes

o - BA-Satellite Tokamak Program

Maximum displacement and stress are within the design limit and will
be reduced by optimizing bolt joint position of an outer target heatsink.

Structural Model focused to Torsion deformation induces displacement control
the channel at the edge load to the middle channel of the outboard heat sink

Bolt Joint Contact and Boundary gt 1.159sec, Scale Factor: 200 Max. Disp: 0.634 mm
ﬁ? ?JV R < R (Pa)
n29019/ igf 6.500+07
ﬁéﬁ; {ﬁ?}?@ =5 5.850+07,
:}"ﬁ; 5.20D+07
HH
n28993{@y Contact
T Boundary 4.550+07/]
n29133£ 3.90D+071|
3.250+07
] 2.60D+07
n27402 ::5“: : 1.950+07]
n27427 51 H 1.300+07
n27608 17 |
= i \ i3 6.510+06
Displacement O +p = 060.3 MPa G = 55 .2 MPa 6.500+03

Constraint (i Pk
AII DoF Constraint 24
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Advanced Superconducting Tokamak
@ - BA-Satellite Tokamak Program
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