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Summary

Construction of JT-60SA tokamak was completed in March 2020
All the main components: Manufacture and assembly satisfied requirements.
Heating, Diagnostics, Particle Control systems : also going well

Tokamak operation control systems completed, and
Plasma discharge scenarios for IC established.

Integrated Commissioning (IC) has started:
Vacuum pumping of VV and Cryostat => Cool-down => Coil excitation
Transition to the super-conducting state: confirmed for all TF, EF,CS
TF coil current reached 25.7kA (nominal value) = 2.25T

Importance of JT-60SA plasma research confirmed with advanced modellings.

Mission: contribute to early realization of fusion energy by addressing
key physics and engineering issues for ITER and DEMO

1. Support ITER

using break: i class high
D-plasmas lasting for a duration (typically 100s)
Engineering contribution to ITER

as the largest superconducting tokamak system.
(size ~ 10 — 15m, weight ~2300 t )

Superconducting tokamaks.
JT-60SA(A22.5 1p=5 5MA)

2. Supplement ITER toward DEMO
with long sustainment (~100s) of high pressure
steady-state plasmas necessary in DEMO

3. Foster Next Generation
playing leading roles in ITER & DEMO

The ITER - JT-60SA collaboration arrangement signed in
Nov. 2019 covers
and op: iments for risk and efficient
implementation of ITER operation. 3=

Kamada.yutaka@gst.go.jp
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Stable 500 keV negative ion beam was achieved
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: Integrated Commissioning (IC) : smooth cool-down
IC: tight EU-JA collaboration
using data & screen sharing,
video meeting almost every day.
Participation from ITER.
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Cs layer on the plasma grid is essential for negative ion production.

To control Cs, optimum balance of Cs absorptlon & desorptmn of the ion source wall was
investigated as a function and

Super-conducting state confirmed for all TF, EF and CS coils
TF coil current reached the nominal value
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JT-60SA Project: Started in 2007 between EU & Japan
Construction & Research Planning
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Plasma Diagnostics installed for the first operation phase

List of diagnostics

| Diagnostics Section PortLocation
CO: Laser mierferometer (tangentia), PladPg ‘Horizontal

Magnetic sensors
+ Rog coil: 2
+ Diamagnetic loop: 1
+ Flux loops: 27
+ Magnetic probes: 17
+ AT probe: 8
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Unforeseen Incident

At the last shot for the voltage control test of an EF coil ( EF1),
In evening of 9th March, Just before planned 10 days shutdown,

Upon repetitive application of 5kV on the largest PF coil (EF1),
abnormally rapid rise in the power supply current occurred.

PS immediately stopped by interlock.

Discharge continues within a short time , discharging coil current.

Increase in the cryostat pressure occurred indicating a He leak.
Cryostat currently open and inspection ongoing.

Inspection has been started inside the cryostat.
Further information will be available for Q&A session.

G. Matsunaga, ID 822
Y. Shibama , ID 849

Assembly with High Accuracy

2020, End m Mar

Comﬂn olakama assqnﬁ;\‘

S : 1001, 11m x 2.1m ¢ diameter should be inserted into the central bore of the
18 TF coils keeping a quite narrow clearance less than 14mm.

Using laser trucker, insertion was carefully controlled by continuous adjustment
=> precise positioning of the magnetic axis within +1.4mm

2020, Jan &/ A
Cryostat Thermal Shield  Cryostat Top Lid

Allowable Error Field ~ 10+ of Bt:
Size of Device ~ 10m => Manufacture & assembly Error ~ mm

S. Inoue, ID 821
Advanced equilibrium control for plasma operation

Anovel control scheme ‘adaptive voltage allocation (AVA)'in equilibrium controller:
feedback gains for both the position/shape and Ip controls are determined in real time
adaptively within limits of PF coil power supply voltages

=> Contributes to position & shape
control by super conducting coils
in ITER & DEMO.

Partial collapse of Ip
=> vertical unstable depending on kx
Accessible ky is improved

from 1.36 to 1.71 against Ip-drop ~70kA One example of the JT-60SA

operation scenario
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Future Enhancement: design & manufacture ongoing

Stabilizing wall, In-vessel coils Diagnostics: many
Incl. innovative proposals

PCI S.Coda, ID1012

Pellet Injector
for fueling &
ELM pacing

MGl for dlsruptlon mltlgatlon

Divertor Cryopump
for divertor control

G. Matsunaga, ID 822
livad

Commissioning of cryogenic system established K. Hamada, ID 877
active control to mitigate heat load fluctuation

Coherent physics studies with advanced modelling
preparing a sound basis for the scientific exploitation of JT-60SA

High assembly accuracy of mm order was r
Good reference for ITER

Laser 3D- Expectation of shrinkage
Tracker Scanner by welding

Y. Shibama, , 1D 849

Pre-Assembl!

‘Assembly Accuracy
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v R=10m, H=6.7m 150t = £20mm [+6mm/-16mm
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EF coils (6) diameter=4.4m -12m_|114ttotal | = £2mm [+1.6mmi-2.4mm
inner Dia./Outer Dia: -
cs oo e A1y [0ttt | 2mm 1.4mm horizontally
Cryostat Vessel |D=13.5m, 220t total | = 8mm [+7mmi-6mm
[Cryostst Top. 5mm [3mmr-4mm

Commissioning of the cryogemc system (9.5kW at 4.5K) was completed,
isfying the design

Active control of heat load fluctuation, essential for dynamic current operation
in tokamaks has established firstly in a large scale cryogenic system. => ITER
JT-60SA: heat load changes: 2.3kW -> 7.4 kW quickly during plasma operation

In order to avoid sudden hot He return

from the magnet to the cryoplant, =" [+ ]2
Te 016§
«Temporary absorption of the £o oo { 012 €
heat by the liquid He damper. g pesre | g0 §
. . 52 f o0 §
«Active reduction of the flow E, oo
rate of supercritical helium 20 <
after plasma discharge 2, s
£ 7 etunflowtrom 2
10 | THsructure+ CSfeF e aarr
EM - e o~
o0
o 2000 000 w000
Time.s

K. Shimada, ID 751

G. Matsunaga . ID 822
In Vessel : Accuracy of the graphite tile alignment within +/-1mm

C issioning of the power suppli leted with d y load

Integrated operation among Base PS, Switching Network Unit (SNU), Quench

Machine status in the First Operation period:

the upper divertor plates (Carbon, inertial cooling) ,

partial (50%) coverage of the inner (high field side) first wall,

two Gyrotrons (1MW 110 GHz + 1MW 82/110/138GHz) with waveguide launchers,
power supply & cryoplant for the full-operation of the superconducting coil

the nominal toroidal field of 2.25T is ready.

For assembly of In-vessel components, its interface attached to the waved VV surface
were precisely machined based on the VV surface measurements by the laser tracker.

Accuracy of the graphite tile surface
alignment within +/-mm was ahieved.

Protection Circuit (QPC) , and Booster PS for PFC was completed successfully.

SNU produces high voltage for PF coils at the Plasma start up = used in ITER

Simulated quench signal
000446 = QPC operation
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Plasma Performance Prediction: GOTRESS+

Scenario : CRONOS for hybrid scenario , METIS for H-mode scenario

MHD stability : MARS-K & CarMa for RWM, FAR3D for N-NBI on resistive ballooning
Edge and Divertor : SOLEDGE2D , SOLPS-ITER , SONIC, EMC3-EIRENE

ELM pacing: JOREK S. Futatani, ID 1049

pellet with 470 m/s
density perturbation spreads
with filaments due to

S. Yamoto, ID 725

A:Ar-only : Ar trapped at the
top SOL due to thermal force,
leading to core Ar increase.

M. Honda, ID 710
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Close communication with ITER : ITER risk mitigation + increased e
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