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Abstract: Wind energy is one of the fastest-growing sources of electricity nowadays. Modern
wind turbines are becoming larger to improve energy efficiency and to harvest more power from the
wind. The larger size and more flexible structure of wind turbines lead to higher mechanical stresses
on the wind turbine’s components. These stresses known as structural load might cause early
failures reducing the turbine’s service lifetime and limit the size of the turbines. Over the past
decade, advanced control algorithms have been developed to reduce structural load allowing to
build larger turbines as well as extend the turbine’s service lifetime. This article introduces and
summaries the results of a novel advanced control algorithm for structural load reduction and power
output maximization for large-scale wind turbines developed by the author in the related doctoral

dissertation.
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[. INTRODUCTION

Wind turbines (WTs) are devices converting the
kinetic energy of the wind into electricity. Most of
the large-scale wind turbines have horizontal axis
(HAWT) and variable-speed configuration due to
the higher efficiency and the ability to maximize the
energy havested over a wide range of wind speed.
The amount of extractable wind power is strongly
related to the turbine operating point defined by
wind speed, rotor rotational speed, and blade pitch
angle. The wind speed varies stochastically in
nature, so to make wind turbines operate at the
optimal point, the rotor speed and blade pitch
angles need to be controlled accordingly by
maximum power point tracking (MPPT) control
methods.

The wind turbine operation can be divided into
three main regions with distinct objectives: below-
rated wind speed region (region 2), above-rated
speed region (region 3), and a transition region
(region 2.5). More than 50 % of the annual energy
production of a modern wind turbine is obtained
from region 2 operation. In region 2, the main
objective is to maximize the energy harvested from
the wind, however, with the scale-up of wind
turbines, structural load reduction also need to be
considered to extend the lifetime of the turbines
and reduced failure rate.

This article introduces a multi-objective control
strategy to maintain optimum power coefficient and
mitigate undesirable structural loads at the same
time. A robust DAC controller (RDAC) [2] is applied
in combination with a conventional MPPT
controller. Unlike traditional approaches such as
LQG and pole-placement, the proposed approach
determines the optimal observer and controller
simultaneously considering model errors and
uncertainties to ensure system robustness to
varying wind speed. The structural loads are
mitigated by perturbing the blade pitch angles
about the optimum value avoiding strong effects on
power production. The proposed method
successfully reduces the structural load (tower
bending moment) without a significant reduction
inharvested energy. It can be shown that the
method also has high robustness against varying
wind speed as unknown input.

II. BACKGROUND

2.1 Maximum Power Point Tracking Control
(MPPT)

The power available in the wind Pying is proportional
to the cube of wind velocity as
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where p denotes the air density, R the rotor radius,
and v the wind velocity. Wind turbines are able to convert
a part of the wind power into mechanical energy. The
maximum extractable energy is limited to a theoretical
value 59.3% of available wind power (Betz limit).

The performance of wind turbines is defined by the
power coefficient Cp, as
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where P denotes the wind turbine power. Wind
turbine power coefficient C; is a nonlinear function of tip-
speed-ratio A and blade pitch angle . Tip-speed-ratio A
is defined as the ratio between rotor speed wr and active
wind speed v as
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Fig. 2.1. WT power coefficient curve

In fig. 2.1., the power coefficient curves of a WT are
shown. The maximum power output of the WT is
achieved at the peak of power coefficient curves
where the blade pitch angle and TSR are optimal.
Typically, blade pitch angle 8 is held at a constant
value that yields the maximum aerodynamic lift
such that the power coefficient depends on TSR
only. MPPT algorithms aim to keep wind turbines
operate at optimal A maximizing Cp. From eq. 2.3
we can observe that to keep A constant at the
optimal value, the rotor speed w: needs to be
varied following the change of the wind speed v.

The wind speed affecting the rotor area is difficult
to have in general, so the standard method for
optimal tip-speed-ratio tracking is to control
generator torque Tq4 using rotor speed feedback as

1 5 Cp(ﬂopt’ﬂopt)max 2

T = prR o =K, of
PO2N, (Zop)’ !

2.4)

where Ny denotes the gearbox ratio between
generator and rotor speed, Ky the gain of the torque
controller.

2.2 Robust Disturbance Accommodating
Control (RDAC)

In the theory of DAC, external disturbance
structures are assumed as known, a predefined
internal disturbance model is used to estimate the
true value of the disturbance Xg.
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Fig. 2.2. Disturbance accommodating control

The effect of the disturbance, here is the varying
wind speed, to the WT is accommodated using the
disturbance controller Kq. The state feedback
controller Ky realizes primary control objectives
such as power regulation and structural load
mitigation. The DAC method effectively handles the
problem of wind disturbance; however, this method
required a precise linear model of the WT and wind which
are typically not available.

In wind turbine applications, the disturbance model may
not accurate due to uncertainties and stochastic variation
of wind disturbance. Also, the use of linearized reduced-
order models leads to inaccurate turbine models,
especially when the turbine operates outside the given
operating conditions. So it is necessary to develop a
method to define robust DAC for wind turbines with
respect to model and measurement uncertainties.

In [2], a robust method to design the optimal DAC
controller is proposed namely robust DAC (RDAC). The
idea is using the mixed-sensitivity H. norm of the closed-
loop transfer function as the cost function to optimize the
DAC parameters. The mixed-sensitivity H. norm of the
closedloop transfer function is a good indicator for both
system performance and robustness. The norm is used
as the cost function to find the optimal robust DAC
(RDAC). Unlike the standard H. control finding the full
order controller, the proposed RDAC approach finds
parameters of a "structured controller" having the DAC
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structure. Non-smooth H. synthesis is used to define the
controller parameters with structural constraints. As a

novelty, an additional disturbance observer and

Closed-loop
system model

Initial

disturbance rejection controller are introduced to improve

the disturbance accommodating performance.

Non-smooth
optimization
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Fig. 2.3. RDAC using non-smooth H.synthesis with constrains
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The problem to find the robust disturbance
accommodating controller (RDAC) is formulated as

RDAC = DAC” = argmin || G.a(DAC) ||
st || Co(s] — A(DAC))™'B, [|eo< +00.

The procedure to calculate RDAC controller
parameters is shown in fig. 2.3.

[ll. RESULTS AND DISCUSSIONS

The RDAC approach is applied in combination with
a standard torque controller in region 2 (eq. 2.4) to
reduce the tower bending moment. The
maximization power production objective is
realized by the torque controller. Structural load,
here is the tower bending moment, is reduced by a
blade pitch controller using RDAC algorithm.

The proposed approach is validated using
simulation software FAST [3] in combination with
MATLAB Simulink. A nonlinear reference
WindPACT 1.5 MW onshore wind turbine model is
used as the control plant [4]. The load case is
based on the IEC 61400-1 DLC 1.2 standard [5] for
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Piéu khién cao dé canh dé giam nhe tai két cau cua
tuabin gio c® I&n
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Abstract: Hién nay, ndng long gi6 1a mét trong nhing ngudn dién phat trién nhanh nhat. Cac
tuabin gi6 hién dai ngay cang tré nén I6n hon dé nang cao hiéu qua san xuét nang luong va thu
dwoc nhiéu ndng luong hon tir gié. Kich thudéc 1én hon va céu tric mém déo hon cua tuabin gio
d&n dén Umg suét co hoc cao hon trén cac bd phan cda tuabin gi6. Nhing gng suét nay duoc goi
la tai trong két c4u c6 thé gay ra héng héc sém lam gidm tudi tho cda tuabin va giéi han kich thuéc
ctia tuabin. Trong thap ky qua, cac thuat toan diéu khién tién tién da dugc phét trién dé gidm tai
trong két c4u cho phép xay dwng cac tuabin Ion hon ciing nhw kéo dai tudi tho cda tuabin. Bai bao
nay giéi thiéu va tom tdt két qua cda moét thuat toan diéu khién nang cao méi dé gidm tai két céu
va téi da hoéa sén luong dién cho tuabin gié ¢& I6n do tac gid phat trién trong ludn an tién si cda
minh.
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