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The NBI [1-3] control system has been upgraded to enhance its control capabilities and improve the performance
of advanced operational scenarios in KSTAR. This upgraded system incorporates in-shot continuous control and
decoupling control of beam power and energy. In the 2023 KSTAR campaign, the enhanced NBI control system
was successfully commissioned and applied to FIRE mode [4,5], resulting in significant performance
improvements. It helps to understand FIRE mode characteristics based on beam parameters, expanded the
operational window, and introduced a new approach to achieving FIRE mode with a mild MHD activity.

By implementing decoupling control, the independent effects of beam power and energy were systematically
investigated. It was confirmed that beam power directly influences ion heating, affecting ion temperature and the
fast ion population, while variations in beam energy modify the beam-driven current profile, potentially impacting
sawtooth activity, which defines the lower operational limit of FIRE mode. The lower operational limit was
successfully extended under high perveance conditions using decoupling control, with minimal impact on ion
heating and the fast ion fraction, thereby preserving ion temperature.

The application of in-shot control revealed a strong correlation between MHD activity and ion temperature in
FIRE mode. MHD activity, which degrades ion temperature, predominantly occurs at high beam power. It was
observed that reducing beam power and energy through in-shot control effectively suppresses MHD activity,
thereby maintaining high ion temperatures. Based on this observation, a novel NBI control method utilizing in-
shot capability was developed and analysed. This method involves initiating the discharge with high beam power
to avoid sawtooth activity and establish an ion internal transport barrier (1TB), followed by a controlled reduction
in beam power to access the mild MHD FIRE mode regime.

ACKNOWLEDGEMENTS

This research was supported by R&D Program of “High Performance Tokamak Plasma Research & Development
(EN2501)” through the Korea Institute of Fusion Energy (KFE) funded by the Government funds, Republic of
Korea.

REFERENCES

[1] S.H. Jeong et al Review of Scientific Instruments 83 (2012)

[2] Y.-S. Bae et al Fusion Engineering and Design 87, 1597 (2012)

[3] J.H. Jeong et al Fusion Engineering and Design 169, 112479 (2021)
[4] H.Han, S.J. Park et al Nature 609, 269 (2022)

[5] H. Han et al Physics of Plasmas 31.3 (2024)



IAEA-CN-123/45

(a) % Blip Blip Blip Blip (b)
n " |
- . 5| | m—3400ms
= 70 _-i—q‘ . ——8200 ms
= 60 ol o . .
] i L .
> 50 E cCic —T_ o
12 n n = 3
- L ] o
1 T : = 7~
g F ]
] T 2
8
g A ’ j /
" 6 L l
5 _d . 1 ___...-/
4 - . =1
Y s s 75 10.0 0.0 0.2 0.4 0.6 0.8 1.0
Time [s] Normalized rho

Fig 1. Sawtooth activity can be avoided while maintaining ion temperature through decoupling control of NBI in #33906.
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Fig 2. Accessing a mild MHD state in FIRE mode through in-shot NBI control while sustaining high ion pressure.



