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ABSTRACT: To reduce the construction and installation costs, the rigidity of the single axis so-
lar tracker structures has been systematically reduced. Consequently, some plants of solar track-
ers suffer one-degree-of-freedom flutter in torsion, reaching to collapse part of the plant. In this 
paper, the prediction tools of this phenomenon are analyzed. The estimation of the flutter critical 
wind velocity from construction standards, CFD and wind tunnel test are compared and evaluat-
ed. In addition, some methods to increase the flutter critical wind velocity are presented. Wind 
tunnel results show that, actually, the instability is a combination between a static increase of the 
torsional angle (which does not reaches torsional divergence) and one-degree-of-freedom flutter. 
As this kind of flutter is due to the alternative vortex shedding on both sides of the solar panel, to 
increase the critical speed, methods based on passive or active flow control (by means of DBD 
plasma aerodynamic actuators) are studying. It is looking for devices that avoids the alternative 
vortex shedding, or at least, decreases its intensity.
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1 INTRODUCTION

The exploitation of solar energy at an industrial level, both by thermal or photoelectric meth-
ods, requires large installations so that they have a large area to capture solar radiation. In the 
case of a photovoltaic conversion system, single-axis flat solar trackers (SAST) are one of the 
most proven and mature technology. A solar plant consists of a large field of SAST's, arranged in 
rows aligned north south, which can track sun direct radiation during the day.

The most important cost of these infrastructures is the initial investment in manufacturing and 
installation, so the reduction of these costs increases the profitability of a solar plant. The opti-
mization of the structures and mechanisms of the solar trackers is one of the strategies followed 
to reduce the manufacturing cost. [1, 2].

The consequence of optimizing SAST's structures is that their rigidity decreases and, there-
fore, their natural frequencies also do so. This fact has made them susceptible to aeroelastic in-
stabilities, like single-degree-of-freedom flutter. In this case, the solar tracker oscillates around 
its main axis with great amplitude (more than ±20º) and a frequency that, in general, is lower 
than the frequency of the structure. The large deformations and their periodicity cause high 
stresses and fatigue in the structure, so that it can cause its collapse or the reduction of its life-
time.

This paper presents a brief review of the physical foundations of this phenomenon and the 
methods available to predict it, evaluating its disadvantages and limitations. In addition, the be-
havior of a sectional model of solar tracker is studied experimentally and some methods are ana-

lyzed to control the flow around the solar trackers and increase the critical speed at which the in-
stability appears.

2 METHODS OF ANALYSIS AND PREDICTION

The type of flutter that affects solar trackers is known as "single-degree-of-freedom flutter" 
which may also include the "stall flutter" [3]. This phenomenon is associated with strongly de-
tached flows, such as those found in bluff bodies. Therefore, in general, when the flutter appears, 
its characteristics involve nonlinear aerodynamics.

The flutter is a self-excited phenomenon in which the oscillations of the structure and its time 
derivatives take energy from the flow. If the energy that the movement extracts from the flow is 
greater than the energy that can dissipate the structure through mechanical damping, the ampli-
tude of the oscillations increases disproportionately. In global terms, this can be explained as the 
situation in which total damping, which is the sum of the mechanical and aerodynamic damping, 
is 0. The limit situation in which = 0, is established as the critical flutter condition.

To estimate the critical speed of an SAST, three tools are available: general or specific con-
struction standards, based on simplified analytical methods, numerical simulations [4] and wind 
tunnel tests. In this paper, the scope and limitations of each of these methods is evaluated. In ad-
dition, the results of a wind tunnel test campaign are using to support the phenomenological de-
scription of the flutter and to compare with other method of prediction of flutter.

3 EXPERIMENTAL SETUP

3.1 Solar tracker model

As these structures comply with L/c >> 1, (where L is the length of the row and c the chord of 
the solar panel) their aerodynamic and aeroelastic behavior can be assumed in first approxima-
tion as two-dimensional. Therefore, in this testing campaign, a sectional model of the solar 
tracker has been studied. In addition, to comply with the laws of similarity in aeroelastic tests the 
model must comply with the similarity relations corresponding to the distribution of mass mo-
ment of inertia, J, rigidity (in this test associated with the natural frequency in torsion, f ) and 
mechanical damping, Cs. Figure 1 shows a sketch of the experimental installation and a photo-
graph of it.

Figure 1. Left: Outline of the experimental setup. Right: Photograph of it.

The main axis of the solar tracker has been installed between two bearings in order to allow it 
to rotate freely and to avoid any other displacement. The main tube has been connected to two 
linear springs (K) through a rigid arm to give the system the appropriated torsional natural fre-
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quency. In addition, a damper (Cs) has been connected to the same arm. The apparatus allows ad-
justing the nominal attack angle of the solar tracker, 0, and it have been instrumented with laser 
distance sensor (MEL Microelectronic model M1L/200), in order to measure the dynamic re-
sponse of the torsional degree of freedom. Simultaneously, a hot wire probe measured the flow 
velocity.

3.2 Test procedure

The tests consist of setting a reference angle of attack, 0, and exposing the model to the air-
flow generated by the wind tunnel. After reaching a steady state, the displacement and the refer-
ence wind velocity are measured for 60 seconds, at a sampling frequency of fs = 1000 Hz . Once 
the measurement has been recorded, the speed is slightly varied, and the process is repeated. 

The above procedure was repeated for various configurations. Each configuration is defined 
by the nominal attack angle, 0, the value of the damping ratio of the system, s, the turbulence 
intensity of the incident flow, Iu, and the configuration of the flow control device (the DBD 
plasma actuator).

4 RESULTS

The raw result of the test campaign is the time series of the angular displacement, (t), and 
the corresponding wind speed. When the instability starts the response of the system is approxi-
mately sinusoidal. Therefore, the temporal variation of the angular position of the tracker can be
formulated as:

cosm pt t , (1)

where m is the mean angular displacement, p the semi amplitude of the oscillatory response, 
its frequency and its phase. From the result of the test campaign, m, is calculated as the av-

erage value of the time series (t). The semi amplitude of the response, p, is obtained with the 
mean value of the magnitude of the Hilbert transform of (t). The frequency of the signal, , is 
obtained by applying a Fourier transform and looking for the frequency associated with the max-
imum magnitude of said transform. The identification of the frequency can only be done in cases 
where the response is clearly harmonic with a well-defined oscillation amplitude. This condition 
is verified when the instability appears. Figure 2 show the results of one of the studied cases as a 
function of the reduced wind velocity U* = U /(f0c).

4.1 Discussion 

It can be observed in the graphs of figure 2 that, actually, the instability is a combination be-
tween a static increase of the torsional angle (which does not reach torsional divergence) and 
one-degree-of-freedom flutter. The aerodynamic moment increases the angle of attack in a quasi-
static manner, until a critical value is reached in which the alternative vortex shedding triggers 
flutter.

In order to increase the critical speed, the stiffness of the structure must be increased or, from 
the point of view of flow control, a passive or active device must be found that avoids the alter-
native vortex shedding, or at least, decreases its intensity.

Currently, the tests with various flow control devices (passives and based on plasma actua-
tors) are being prepared, in order to investigate their effectiveness in increasing the critical speed 
of flutter.

Figure 2. Average angular displacement, m, semi amplitude of the oscillatory response, p, 
and dimensionless frequency of the dynamic response, as a function of reduced wind velocity.
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