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Status of JT-60SA Construction

P. Barabaschi, Y. Kamada, S.Ishida, H. Shirai
For the JT-60SA Integrated Project Team
EU: FAE-CEA-ENEA-CNR/RFX-KIT-CIEMAT-SCKCEN-
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Machine Parameters e JT’60$A
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Cryostat

Basic machine parameters

Plasma Current 5.5 MA
Toroidal Field, B; 225T
Major Radius, R, 2.96
Minor Radius, a 1.18
Elongation, kx 1.95
Triangularity, dx 0.53
Aspect Ratio, A 2.5
Shape Parameter, S 6.7
Safety Factor, g5 ~3
Flattop Duration 100 s
Heating & CD Power 41 MW
T NNBI | 10MW
P-NBI 24 MW
ECRF 7 MW
Divertor wall load 15 MW/nt




Sharing

JAEA Naka site
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' Magnet Interface - 2 J
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Diagnostics | @ J [Rad. safety | @ ]
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[Disassembly @ ]
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Progress since 2010

Design work largely completed
JT-60U disassembly completed
Procurement well underway
Assembly started

Preparing plans for operation




Schedule

— JT-605A

2007 2008 2009 2010 2011 2012 2013 201 2015 2016 2017 2018 2019 2020
- pr First Plasma
peration ‘ | ‘
| Initial Research Phase |
Commissioning ‘ | Integrated Commissioning & Cold Test
| Commissioning Activities |
Start Tokamak Assembly Complete Tokamak Assembly
Assembly |
Disassembly — CB TF [ EFICS |
Activitiee e CVB, TS, Feeder,
2 Tokamak Assembly In-vessel, etc
= Cryostat
Construction | Biis
[ I delivery
Tokamak device (Magnet, VV, In-vessel, Cryostat, First TF Last TF
Thermal Shield) delivery delivery

First EF

Last EF
I—

delivery

I

VV delivery

1

I

1

Auxiliary systems (Heatin

g Systems,

Diagnostics, Power Supplies, Cryogenic

Modi

delivery

cs
delivery

fication of existing PS

Inst Jlation of Cryogenic Sys.
| y

|

|
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Completed December 2012
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Machine Assembly e JT'60$A
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. ) i ; ; Upper Poloidal
Cryostat Base Lower Poloidal Field Vacuum Vessel Toroidal Field Coils Field Coils and Crygsgat%wy
(260 tons) Coils Central Solenoid




Cryostat

Cryostat Base (ldesa-Spain, contracted by CIEMAT), designed in 2008,
completed in 2012, delivered in Naka Jan 2013 ->start of assembly

-Cryostat Vessel Body manufacturing started in 2014
-Cryostat Lid (JAEA) will start in 2015
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Vacuum Vessel {€—— J T'EUSA

Double Walled
18mm+18mm

Boronised Water
interspace (~160mm)
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Vacuum Vessel
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Vacuum Vessel

— JT-605A

Advanced Superconducting Tokamak

@ - BA-Satellite Tokamak Program

14



http://ja.wikipedia.org/wiki/%E3%83%95%E3%82%A1%E3%82%A4%E3%83%AB:Toshiba_logo.svg

Magnets

All SC Magnet
> Nb3Sn for CS
> NbTi for TF, EF

18 TF Coils
6 EF Coils

4 CS independent
modules

~Advanced Superconducting Tokamak
@ - BA-Satellite Tokamak Program

<—JT-605A

15




Advanced Superconducting Tokamak
@ - BA-Satellite Tokamak Progra

Conductors %——— J T'60$A

I

e —
P ——
—
—
—
——
——
—
Lo

4

[

Furukawa Electric
Hitachi Power
ICAS - Italy

EF-L&H conguctor

Globally >2/3 of conductor produced
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Manufacture - EF Coils

The manufacturing of EF5 and EF6 completed January 2014.

Upper coil manufacture (EF1-3) now underway.

N -
SR x MITSUBISHI
a5 N ELECTRIC
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Manufacture - EF Coils




Status of Fabrication for CS1

Inlet

£=J T-605A
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Status of Fabrication for CS1

OP2 after heat treatment

OP3 and OP4 after heat
treatment

ECTRIC

Advanced Superconducting Tokamak
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TF Magnet features

Cable in Conduit Conductor, 72 turns, 25.7kA each

6 double pancakes, 6 turns/pancake. Helium inlets in
high field side — joints in external low field side

Windings enclosed in steel casings

Steel casings supported to ground vertically and
toroidally - connected in inboard curved regions by
“Inner Intercoil Structure”

Steel casings guided toroidally by “Outer Intercoil
Structure” to support out of plane loads.

Advanced Sup
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TF Coils Procurement Cycle

Casing
F4E ENEA
(Furukawa) (Walter
Tosto)
Strand . I I

Nikko

ICAS
I I Conductor

ENEA
(ASG)

Genoa I I
Belfort I I

CEA
(Alstom)

TF
Winding
Pack

4K HV Tests cen
4K Leak Tests sacla
4K Flow, Pressure Drop . i

Dimensional Stability
during and after "

cooldown
Resistance, Joints

Tmargin’
Quench tests

SCK/CEN

CEA
(SDMS)

Gravity
Support

Outer
Intercoil
Structure

— JT-60SA
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Manufacture — TF %—— JT'60$A

Alstom — WP 9 coils
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Manufacture — TF
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Manufacture — TF e JT’E”SA
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Manufacture — TF e JT'60$A
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OIS Manufacture, and Pre-Assembly c ool JT'EUSA

Advanced Super
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SDM

la chaudronnerie blanche * I
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TF Coils — Casings




Progress — TF Coil Test Facility e JT'60$A

Advanced Super
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Helium refrigerator Cryogenic line Nitrogen vaporizers Copper busbars Dump resistor and main breaker =~ MSS and AS-Net cabinets
i ..N i o —— . -

o1 somem -

N\

Process and control cabinets Warm valves HTS current lead Valve box Cryostat Power supply Test frame

30
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HTS current leads

CultKa with
JAEA jumper
connected to
HTS CL nr 1&2

TF HTS CL nr. 182
M A“(IT integrated innEuItKa

| ’ Karlsruhe Institute of Technology




Magnet Power Supplies - EU o JT'GOSA
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Bypass Hybrid Circuit
Switch Breaker

{ :| Pyrobreaker

' i} Static
Circuit|
Breake

Discharge
Resistor

wsy

Nidec ASI S.p.A. CONSORZIO RFX
[F e formcione nizione

32




Magnet Power Supplies - EU

SNU: ENEA/OCEM Energy Technology)

SCMPS: ENEA/CEA

first unit type tested Sept 2014
acceptance in Naka by Sept 2017

EOCEM

POWER ELECTRONICS

EEEEEEEEEEEEEEEE

contracts signed
» ENEA: CS/EF/FPCC (POSEICO)
> CEA: TF/EF (JEMA)

Detailed design being finalised
Delivery by Dec 2017 and Feb 2016
resp.

> Jema

RWM PS: CNR-Consorzio RFX

* Prototype tested in June 2014.
* PA/contract 2014/early 2015.

. Dellvery by March 2017

Ac/dc converter @
Fan

CONSORZIO RFX

Output filter

H-bridge

Control section

33

JT-605A

Advanced Supe!

‘ r
© - BA-Satellite Tokamak Program
I




— JT-605A

~Advanced Superconducting Tokamak
@ - BA-Satellite Tokamak Program

Magnet Power Supplies - JA

UPS of Auxiliary PS |

\ 275kV Power Grid
198MVA(38s) Tr2 ¢ 1omva
275KVIABKYV 275KV / 66KV /

66kV/11kV
31.5MVA

Overhaul inspection is
planned in FY2015

20MVA S Peskvesrv

= SC, Filter SC, Filter

18kV/400MVA
2.6GJ

TQsHIBA

m iis in under hodification

& SEEVEERT

- 2 SNUs (Nidec ASI) will be
delivered within FY2014

34
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Magnet Power Supplies - JA %—— JT'EOSA

46 cooling towers were installed in Mar. 2014.
12 water pumps replaced.

Pipe laying work for the cooling towers will be completed in Oct. 2014.
The operation of the secondary cooling water supply will start in Apr.
2015 for the heating Motor Generator inspection.
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Buildings

Compressor Building
Under construction
= will be completed in Mar. 2015

JT-60 Transformer JT-60 Rectifier Dump Resistor Area for
Yard Room TF-QPC
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Cryoplant %—— J T'EUSA

RCB and ACB
in AL-AT workshop

Kaeser compressor
leak and pressure test




Advanc
i .ﬁ- BA-Satellite Tokamak Program

Thermal Shield c@:JZ'-EUSA

|

S
®Hitachi Power Solutions Co., Ltd.
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Heating Systems

NB: 34MW X 100s
Positive-ion-source NB (85keV)

12units X
ctr P-NBII2MW=24MW,
CO:2u, CTR:2u,
: Perp:8u
perpLl ‘ 4 Negative-ion-source NB,500keV, 10MW, Off-axis

ECRF: 7MW X 100s,

co P-NBI

39




— JT-608

Advanced Sup d ing Tok k
i .ﬁ- BA-Satellite Tokamak Program

Development of negative ion source

To realize 22A, 100 s negative ion beams, the JT-60 negative ion source has been modified.

Improve Magnetic structure Control the plasma grid (PG) temperature
Chiller system for the PG temp.
Orlglna| Modification Temperature control system
|
Transvers filter Tent-shaped filter 1s0c | '

Heater unit I

lon Source

Circulation unit

ﬂ (~50°C)

Circulation unit
Circulation unit (Water)
150°C
Plasma ¢ 2
Heat Flux
Cs

N4
@

Beam current (A)

s
Longitudinal Plasma Grid (150°C) — | (High tom. i)
Extraction grid -
25 . . ‘ “
. . Long pulse production in JT-60 negative ion source
20 | After modification i
® o JT-60SA + The pulse duration time has been extended from
15 | ® 30sat13Ato 100 s at 15A.
10 - Before modification |
» Higher beam current is expected to be increased by a
5. | sufficient conditioning of the ion source.
0 | | | I

0 20 40 60 80 100 120
Pulse duration time (s)
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Development of ECRF system %—' JT'GOSA
L

The first two-frequency gyrotron (110 & 138GHz) has reached the
development target of LMW x 100s at both frequencies.

New record as a two-frequency gyrotron

1MJ 10 MJ 100 MJ 1mw 100s

"1 |mprovement

Conditioning 2014
s 1 é:f> ;
= Parameter survey
= 0.8 S Achievement of
2 2012 target for JT-60SA
o 0 T =
o
204 01MJ N\
8 Energy limit (100 MJ) of the :
0.2 110 GHz transmission line | .
I -
L8 GH P~ ]

1 10
Pulse length [s]

Higher power achieved by 110GHz gyrotron:1.4MW x 9s
Longer pulse at the higher power will be tested with the
2-frequency gyrotron.
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Divertor Cassette Manufacturing

< >
1.7

Design Requirements _ 03 IMW/m

- Remove max exhaust power for 100
sec.

- Remote handling compatible.
Development
= Vertical divertor with CFC monoblock

A %Sdlv rtor cassettes were .

t

Ceeere

S
s

INTC 2rzmsaian




Manufacture of CFC monoblock targets

CFC monoblock targets for
outer divertor will be ‘ e Inlet header
CH@ gted idal ociki pdiyg ets : 10~ N, A i
15 MW/m?

« Active cooling with M10
screw tubes of CuCrZr.

Al 1IBRHCID 6tdblock targets

Wgieénoblocks with screw
comyplieéed in 2013. Acceptance

r
| j Standard block
I (no.defect) ==

=
I 1 Inspection block

A\ . averaged

TENtemp
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JT-60SA Research Plan ‘

® “JT-60SA Research Plan” summarizes
“Research items and Strategy for JT-60SA”
to solve critical issues in ITER and DEMO.

® Points of the JT-60SA RP
> Prepare plan
» Encourages collaborative studies on JT-60SA
» Optimize hardware: heating, fueling, pumping, diagnostics, etc.
» Grow year by year toward fruitful experiments.

7 = Chapter 2:Research Strategy

Chapter 3: Operation Regime

Devel ‘ Technical
P evelopmen Responsible

Chapter 4: MHD Stability and Conttgficers (TROs)

Chapter 5: Transport and Confineneenitthe

Chapter 6: High Energy Particle BERRASSION I
their research

Chapter 7: Pedestal and Edge Phyfs 8.

Chapter 8: Divertor, SOL and PMI

Chapter 9: Fusion Engineering

Chapter 10: Theoretical models and
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Steady Expansion of SARP Activity :
® Communities

.‘ Japan Fusm‘h S: itellite Toka ak Prb]ect EU "

— Community | Steering  Clcinn

: . japar (‘nmmlh‘ppi EU :

172 (14 univ./insty—li g ——1~= — EUROEUSI

Fprum of Japar 7§A . countries, 23 inst.)
Nomtnayg/ : : : : \Nomlnated

(v.2): 2010, ' ‘.. tinued
Jan
(v.2.1): 2011,

Feb.
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Conclusions %:JT’E”SA

* Design mostly completed

« Almost all procurement arrangements signed. Manufacturing in full
swing. Key components being completed and delivered.

* About 50% the creditworthy deliverables have been accepted.
« Machine assembly underway.
 JT-60SA research plan jointly elaborated between EU and JA.

100% MM

90%
80% o etmsPlanned. .
70% ,/ e@=Earned...

60%
50%
40%
30%
20%
10%

0% -

2009
2010
2011
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2014
2015
2016
2017
2018
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