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FreeGSNKE Pulse Design Tool

Overview

What is plasma control?
• Reliable plasma control systems (PCS) are needed to operate, sustain, 

and reproduce high-performance tokamak plasma scenarios [1].
• In real-time, the PCS monitors:

Initialisation
Tokamak	description

(PF	coils,	wall,	etc.)

Closed-loop	plasma	control

Initial	equilibrium
(Fluxes,	currents,	etc.)

Controller	settings
(PID	gains,	blends,	etc.)

Reference	waveforms
(Plasma,	shape,	vertical,	etc.)

Simulator
Evolves	equilibrium	forward

Measurements

Voltages

Virtual	PCS
Enacts	shape/position	control

Plasma	properties
(Plasma	profiles	+	resistivities)

Validation against MAST-U discharges

References and ongoing projects

What have we done?
• Developed the FreeGSNKE Pulse Design 

Tool (FPDT) [3].
• Validated it against past MAST-U shots.
• Open-sourcing it very soon!

Why are we interested?
• Designing new scenarios and magnetic 

controllers requires experimental trial 
and error.

• In silico testing avoids wasting 
(expensive) experimental runtime!

• Very few open-source frameworks for 
plasma scenario design [2].  

Fig 1: Poloidal cross-section of 
MAST-U showing shape parameters. 

Coil	activations
Regulates	which	PF	coils	are	

switched	“on”	or	“off”

Vertical
Regulates	vertical	plasma	

position

Plasma
Regulates	plasma	current

Shape
Regulates	plasma	shape	

parameters

Virtual	circuits
Transforms	requested	
changes	to	coil	currents

System
Applies	PF	coil	current	and	
ramp-rate	safety	limits

PF	voltages
Transforms	currents	into	

voltages
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Our focus!

What can it do?
• In advance of experiments, one can:

→ Design challenging plasma scenarios ✅
→ Test and calibrate new control algorithms/settings ✅
→ Assess whether a scenario violates machine safety limits ✅

• Initialise using your own tokamak and PCS structure.
• Integrate seamlessly with AI/ML libraries. 

How does it work?

Inspired by the 
MAST-U PCS [5]

What is it?
• Combines FreeGSNKE evolutive equilibrium simulator [4] 

and a new modular, customisable virtual PCS.
• Foundation for future plasma “flight simulators”.

Fig. 4: Evolution of six shape parameters over time (refer to Fig. 1). 

Fig. 5: Evolution of the poloidal field coil voltages (left panels) and currents (right panels) over time. 

FreeGSNKE EFIT++

Fig. 2: Simulated plasma equilibria at time 𝑡 = 0.5s. 

Fig. 3: Evolution of plasma current 𝐼!	(left panel) and vertical position 𝑍!"## (right panel). 

MAST-U shot 50366:
• Ohmically heated, 𝐼! (~750 kA), double-null, X-point target divertor.
• Initial condition built using EFIT++ reconstruction data.
• Same PCS setup as real shot. 
• Simulate flat-top phase only. 
• Three simulation modes (see 

paper for more details):
→ Nonlinear (NL).
→ Piecewise linear (PwL). 
→ Piecewise linear dynamics 

(PwLD). 
• Excellent agreement with 

experiment and waveforms. 
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“pip install freegsnke’’

FreeGSNKE

Coupling to current 
diffusion equation

(in progress)

Validating JAX-based 
internal solvers 
(in progress)

Virtual circuit 
emulation validation
(papers incoming)
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