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Roadmap of Tokamak )

PFPP

i 1GW, Power Plant
Validation

i"hase IIl: Demo validation, Q>10, CW, 1GW, >50dpa
Phase I: Q=1-5, steady-state, TBR>1, >200MW, <10dpa

" Phase II: Q=5, 3000s, 350MW, steady-state burning plasma
Phase I: Q=10, 400s, 500MW, Hybrid burning plasma

E.AST Advanced PFC, steady-state advanced operation

r_ J-TEXT Disruption mitigation, basic plasma
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2015 2020 2025 2030 2035 2040 2045 2050 2055 2060

Roadmap for the development of Tokamak
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Schematic diagram of EAST-NBI composition structure
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Neutral Beam Injector
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Design parameters and operating status of some NBI devices at home and abroad:

O ITER NBI : IMV@3600s (In design)

O CFETR NNBI: 400kV@3600s (In design)
O KSTAR NBI: 120kV@300s (In operation )
O EAST NBI: 80kV@100s (In operation )

O HL-2M NBI: 80kV@100s (In operation )
O JET NBI: 125kV@?20s (In operation)

O JT-60U NBI: 500kV@30s (In operation )
O DIII-D NBI: 75kV@5s (In operation )
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Filament

Plasma

Structure diagram of EAST-NBI ion source Schematic diagram of particle collision

Mismatched operating parameters lead to frequent collisions of 10ns
between electrodes, which 1s the main cause of breakdown events!



Experiment summary of EAST-NBI §
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Note: The shorter the set pulse, the lower the probability of a breakdown event, because the mismatch
of parameters has not led to a breakdown event, and the discharge has ended, and a long pulse is more
prone to a breakdown event.
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Changes of several common signals before the EAST-NBI breakdown event
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Calculate the key-values of different signals
based on the OPTICS algorithm

Q: What kind of operating parameters are matched?
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Model and performance of BPNN (&)

Best Validation Performance is 8.8224e-08 at epoch 690
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Mean Squared Error (mse)
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Structure diagram of BPNN Performance of BPNN
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o Actual output time ratio
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Q: Why are the parameters of many shots matched, but the

breakdown event still occurs?
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Data slicing method, Prediction model & method
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Step.1 Use MLP-based models
(Multi-Layer Perceptron)
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Breakdown prediction model of 1on source based on MLP
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Step.2 Use CNN-based models
(Convolutional Neural Network)
Convolutions Convolutions Convolutions Convolutions Flatten Dense Dense Threshold

]
] Unsafe
]

W . l
= z>imim 1= Z>iiiiii|||z>...z>...

BREER
=

]
Relu ™| Relu U Relu U Relu ] Safe
" ]

Sliced data U Max-Pool Max-Pool
Max-Pool




Training result of sliced data segment (&)

Database: 8000 segments 187 * WM&MM&‘ Predicted by CNN
0.8 1 * * A A A i * *
Training dataset: 2880 segments * ¥ S & A
g g 0.6 - A4 YA A % Target defined by Sigmoid

Validation dataset: 360 segments g 4 |

Test dataset: 360 segments 0.2 1

All datasets are selected randomly
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Sliced data segment
Q: Accurate prediction of slice data segment does not mean accurate prediction

of a long segment data!



Successful prediction
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During the parameter adjustment process, the predicted
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Realize prediction model and verification by FPGA )

Step.3 Use FPGA -
ﬂmputer
Board
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Schematic diagram of the inversion Neural network prediction FPGA
system structure (completed) board (under study)
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Summary

® Compared with the disruption prediction of the tokamak, the
prediction of the breakdown events for the NBI 1on source is relatively

simple, and it’s easier to establish the model. Tokamak use PCS

® The breakdown time of the NBI ion source is very short, and the
change of the diagnostic signal to breakdown event is only a few ms, and
the processing time required 1s much less than the time required for the
tokamak to disrupt, and the FPGA is the only way to implement this

model.
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