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STAS WPP: Unified state-space model of a wind power plant



x1, u1, t1 is an initial condition.  It does not need to be an equilibrium point.  
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Tangent dynamics
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Characterization of nonlinearity in wind power plant dynamics
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Characterization of nonlinearity in wind power plant dynamics

Two different codes, models 
built by two different analysts.

What is nonlinearity and what is 
modelling error?

The new version of STAS 
provides nonlinear and linear 
equation sets that agree, at the 
point of linearization, to machine 
precision.  Perturbed solutions 
will show explicitly the influence 
of nonlinearity.



Modal analysis, explanations of cause and effect in WPP dynamics



STAS: ~300 states
Modal reduction: 

22 states

LQG optimal 
controller: 
25 states

Reduced-order 
controller: 

3 states

Starting high-resolution and reducing, we can check that we 
don't miss any important dynamics.

Formal model reduction



Stochastic dynamics of linear systems

In the frequency domain, stochastic loads and fatigue cycle counts 
are numerically smooth and deterministic: no random numbers!



Tangent dynamics: applications in the optimization of wind power plants
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Define λ
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் Evolution equation for the gradient of the 
cost with respect to some parameters u.


