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Abstract. Increasing demands in decentralized power plants have focused attention on Verti-
cal Axis Wind Turbines (VAWTs). However, accessing high range of power from VAWTs is an
impediment due to increased loads on the turbine blades. Here, we derive an optimal pitching
action that reduces the periodic disturbance on turbine blades of VAWTs without a�ecting their
power production. A control technique called Subspace Predictive Repetitive Control (SPRC)
alongwith a LQ Tracker is used for recursive identi�cation to estimate the parameters of VAWT
model and further provide an optimal control law accordingly. Basis functions have been used
to reduce the dimensionality of the control problem. Simulation results show a great potential
of the data-driven SPRC approach coupled with LQ Tracker in reducing the turbine loads on
VAWTs.

Keywords: Subspace Predictive Repetitive Control, LQ Tracker, VAWT, Basis Functions,
Lifted Domain

1. Introduction
Over the past decade, the demand for wind energy has progressed signi�cantly. However, the
capital costs involved still pose a hindrance to its widespread. To overcome this limitation,
various research groups have been working towards active control for reducing the blade root
loads of a wind turbine. Bossanyi (2003) proposed an Individual Pitch Control (IPC) method
to reduce the periodic loading of the wind turbine. Houtzager et al. (2013) used sinusoidal
basis functions in Repetitive Control (RC) and showed promising results of reducing the blade
root loads. Navalkar et al. (2014) designed Subspace Predictive Repetitive Control (SPRC) for
online identi�cation and adaptive RC law to enhance load reduction of Horizontal Axis Wind
Turbine (HAWT).

Currently, most of the power production is done by the HAWTs due to their higher e�ciency
and increased reliability as compared to the Vertical Axis Wind Turbines (VAWTs). However,
the upscaling, maintenance and installation of VAWTs are relatively easier. Also, the positioning
of generator, gearbox and other heavy components at the ground level gives a higher structural
stability to VAWTs, especially when positioned on a oating support structure. Further, the
ability of VAWTs to face more gusty winds and their insensitivity to variations in wind direction
motivates their usage even more (Beri et al. (2011)). Navalkar et al. (2014) used the constraint
that summation of all pitch angles at a given instant should be zero to ensure that the power
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Figure 1. Floating VAWT with pitching blades (S4VAWT project), Huijs et al. (2018)

production of HAWTs is not a�ected with load reduction. However, due to cyclic variations in
the angle of attack in the VAWTs, this approach does not work for VAWTs. This brings up the
challenge of load mitigation in VAWTs while keeping their power production well within the
acceptable limits. An o�shore oating VAWT with piching blades is shown in Figure 1.

The contribution of this paper includes a recursive least squares identi�cation technique that
estimates system parameters in the lifted domain. Basis functions are used in the identi�cation
and controller design to reduce the system dimensions. Further, it is followed by the formulation
of RC law and implementation. Also, a novel algorithm of LQ tracker provides a freedom
to the designer for balancing the blade load reduction with loss in power production. The
algorithm gives complete exibility in changing the weighting matrices on blade loads and power
for VAWTs, thus making the implementation suitable for above rated wind speeds as well.

This paper is structured as follows: Section 2 presents the simulation environment of the
turbine used. Section 3 explains the theoretical concepts of SPRC and the LQ Tracker. Section
4 presents the simulation results and conclusions and future work are discussed in Section 5.

2. Turbine Model
In VAWTs, the main rotor shaft is set transverse to the direction of the incoming wind.
Generally, two types of VAWTs are considered: Savonius Turbine and Darrieus Turbine. The
Darrieus type wind turbine is considered for this work due to its higher e�ciency. Blade Element
Momentum (BEM) theory predicts the power output of VAWTs with a high accuracy (for lower
tip speed ratios). These streamtube models are used to calculate the thrust force acting on the
streamtube by using the conservation equations of mass, momentum and energy. The mass,
momentum and energy conservation equations in the integral form are written as (Equations 1,
2 and 3) :
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