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OBJECTIVE AND MOTIVATION I

The size of wind turbines has grown considerably due to the increasing power demand with focus on renewable energy sources. Scaling up the conventional singe-
rotor turbine comes with a large increase in costs. An alternative way to reduce costs is to use the multi-rotor wind turbine.

Vestas has developed a multi-rotor wind turbine control challenge to motivate implementation of advanced control systems [1].

The objective is to implement model predictive control (MPC) to follow a power-reference while reducing loads on the turbine structure.

MULTI-ROTOR WIND TURBINE I

The multi-rotor wind turbine model used for this project consist of four NREL-5MW
turbines on a structure similar to the picture. Giving a total of 20MW.

Pros
Reduced weight per MW generated
Reduced transportation and installation costs
Increased wake recovery

Cons
Increased structure complexity
Increased control system complexity

— T\ g

NREDD e —

Figure 2: Vestas MRT demonstrator situated at Risg DTU in Roskilde Denmark . Image
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- / . courtesy of Vestas Wind Systems A/S [2].
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The mathematical model is built up by a structure model and four
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% turbine models. With a total of 40 states and 8 control input signals

ek Reuree 5 states for each turbine
o pefceyes PO8 20 states for the tower structure
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Pitch- and power-reference as input signal for each turbine

Figure 1: Overview of how the model is built up. Showing the control input
signals and forces generated.

MODEL PREDICTIVE CONTROL (MPC) I

Constraints Cost function

Real time optimizing controller.

Reference Control signal

Can handle multi-input multi-output (MIMO) systems and constraints.

Utilizes a model of the plant to predict the output to determine the input for the next step.

Fmincon MATLAB function used as optimizer. N1 ZLetz':t‘e"
minf(z) = Z a1 (P — Pref)? + g2(Loads)?
2ER™ =0 Actual output
Objective function for the optimizer. Minimizing both the power Figure 3: Overview of MPC with the plant and
difference from the reference and the loads on the structure. the model
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