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Advantages of nonlinear control solutions

* Can directly address nonlinearities in a plant (saturations,
quantization, general nonlinearities)

* Allows bumpless switching between different controllers

* Often small extensions and modifications of substantially
linear control schemes lead to large stability and performance
Improvement

Luca ZACCARIAN Nonlinear Control Perspectives in Tokamak Plasmas EFDA FCG MEETING- July 29-30 2009



Handling input nonlinearities

Anti-windup: address plant input distortion during transients
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Anti-windup application: FTU

Small signal nonlinearity in current control of F coils
Circulating current in thyristor bridges causes nonlinear

response and destabilizes the closed-loop
Anti-windup solution recovers closed-loop stability
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Dynamic allocation application: JET

Coil current saturation may cause experiment loss
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Dynamic allocation application: JET

Trade in some shape performance to move coils out of sat
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Dynamic allocation application: JET

Similar tools allow to achieve elongation control at FTU
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FTU: NL extremum seeking application

Framework:
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Nonlinear extremum seeking for RH heating

Shot # 25793 Shot # 26725
— 12 § — 12
2 32 o
- = Nonlinear
2" ' : " approach
jmB o
2 = PP
— a8t ee +— el |
g  Nalve g
T Y h T
s dAdPPYoadcC 6}
0.7 0.8 0.9 1 1.1 0.4 0.6 0.8 1
time [s] time [s]
. 1.23 T Y
Actual Position Actual Position
=l 12d Reference Position =} Reference Position
= $ 122
T =
S 122} L
2 g
g & 1.21F
> >
W 121+ L
1 | 1 1 .2 1 1 »
0.7 0.8 0.9 1 1.1 0.4 0.6 0.8 1
Time [s] time [s]

Luca ZACCARIAN Nonlinear Control Perspectives in Tokamak Plasmas EFDA FCG MEETING- July 29-30 2009



Additional promising NL techniques

Reset control systems: overcome limitations of linear sols
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Noise suppression via nonlinear filtering
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Nonlinear filtering: zoom

et =

Y
= 2120 & =

..................................................................................................

L L R R R R R R R I I R R R I L L R R A R R B R TR




Summary

efficiency

* More generally several tools are available and can be used to
improve upon what is achieved by linear tools

* Typically, interaction between control theorists and applied

control people uncovers directions where nonlinear control
can help

Luca ZACCARIAN Nonlinear Control Perspectives in Tokamak Plasmas EFDA FCG MEETING- July 29-30 2009



	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13

