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Abstract: - A solar tracker is a machine that is designed as a mounting for photovoltaic panels so that they track
the sun in such a way that the panels are perpendicular at all times to its rays, thereby increasing energetic
efficiency with respect to fixed systems. The principal objective of this study is to analyze the various solar
tracking devices for the orientation of photovoltaic arrays that are available on the market in Spain. To do so, a
study is made of all Spanish patents that describe inventions in this field.
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The dual-axis trackers are, in turn, classified under
the following headings:
2.4.1 Dual-axis polar-mount trackers
2.4.2 Rotating platform dual-axis trackers
2.4.3 Dual-axis parallel kinematic trackers
Each type is analyzed in the following sections.

1 Introduction
A solar tracker is a machine that is designed as a
mounting for photovoltaic panels so that they track
the sun in such a way that the panels are
perpendicular at all times to its rays, thereby
increasing energetic efficiency with respect to fixed
systems.
If we take into account that the cost of installing
these types of solar trackers can entail a 20% increase
in project costs, but that they lead to a 40% rise in
income, and involve low maintenance costs, the
profitability of installing solar trackers appears
undeniable, above all in countries such as Spain with
high levels of solar radiation.
The principal objective of this study is to analyze
the different solar tracking devices for the orientation
of photovoltaic arrays that are available on the market
in Spain. To do so, a study is made of all Spanish
patents that describe inventions in this field [60]

2.1 Single-axis polar-mount trackers
Single-axis polar-mount trackers are devices with a
fixed N-S axis set at an appropriate tilt angle
(normally the latitude of the installation site), which
acts as the rotation axis of the photovoltaic panels so
that they track the daily course of the sun (fig. 1).
In this way, the solar rays remain perpendicular to
the photovoltaic panel at all times in the day during
the spring and autumnal equinoxes. On any other day
of the year, a small error margin occurs in the
incidence of the solar rays on the panels, which peaks
during the summer and the winter equinoxes.
These types of trackers are relatively simple, yet
they imply appreciable increments in the efficiency of
solar energy capture rates with respect to fixed
mounts.
To date, four patents for this type of solar tracker
have been registered in Spain [1-4].

2 Types of solar trackers
Many types of solar trackers exist, which vary in
terms of cost, complexity and functions. They can
also have varying degrees of precision according to
their intended use.
In this study, the different models of trackers are
classified according to the movements they perform,
in the following way:
2.1 Single-axis polar-mount trackers
2.2 Horizontal-axis trackers
2.3 Vertical-axis or azimuth solar trackers
2.4 Dual-axis solar trackers
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Fig. 1. Single-axis polar tracker. Source [61].

2.2 Horizontal axis solar trackers
These mechanisms have a horizontal axis which acts
as a pivot for the panels, thereby allowing seasonal
tracking of the sun (fig. 2).
They are straightforward devices, the main
advantage of which lies in their design simplicity,
economic installation, and extremely low-levels of
maintenance. Although, their increased efficiency is
not as significant as other types of trackers, they do
nevertheless represent an interesting option for
installers who wish to avoid large investments, but
who wish to increase the overall efficiency of their
solar energy capture system.
Moreover, unlike most other tracking devices,
they do not require an automatic tracking system, but
can have a set number of pre-fixed positions instead,
which allow an operator to adjust the tilt of the panels
at particular times of the year. This implies a
reduction in installation and maintenance costs,
which is always an advantage.
Only one model of this type that applies to
photovoltaic solar energy may be found in the
Spanish register of patents [5].

Fig. 3. Single-axis vertical solar tracker. Source [61].

2.4

Dual-axis trackers

These devices offer better performance by enabling
daily (E-W) and seasonal (N-S) solar tracking (Figure
4).
This kind of solar tracker may in turn be divided
into three basic types:
2.4.1 Polar-mount dual-axis trackers
2.4.2 Rotating platform dual-axis trackers
2.4.3 Parallel kinematic trackers
2.4.1 Dual-axis polar-mount solar trackers
This name is given to devices with a vertical pole that
allows E-W movement, on which another transversal
pole is mounted that allows N-S rotation. The frame
on which the panels are mounted is secured to the
second pole (fig. 4).
To date, these are the most commonly used
trackers, generally in the so-called solar parks or
large-scale installations, in view of their technical

Fig. 2. Single-axis polar tracker. Source [61].
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Vertical or azimuth solar trackers

In this case, the panel array rotates about a fixed
vertical axis for daily tracking, as may be seen from
the example in fig. 3. In this example, it is applied to
the façade of a futuristic building. This particular
application adapts the solar tracker to a circular
façade, in such a way that the photovoltaic panels
slide around it during the course of the day by means
of a system of rails.
Generally speaking, it is usually accepted that
azimuthal tracking collects 7% less radiation than a
dual-axis tracker and 4% more than a polar tracker.
However, as they have a single vertical axis of
rotation means that the mechanics of azimuth trackers
are particularly straightforward and robust. In many
cases, this advantage more than compensates for
lower levels of radiation collection, which is why
their use is increasing in practice.
Nevertheless, to date, only one patent model has
been registered with these characteristics in Spain [6].
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and models, which employ different solutions to track
the course of the sun. The simplest models are shown
in figs. 4 and 5, but more effective and robust
solutions are also available on the market. Two prime
examples are shown in figs. 6 and 7.

simplicity. In fact, some of them, (fig. 5), can support
a collection area of up to 300 square metres.
Moreover, they are also suitable for small
applications that require a low number of collectors.
This versatility is one of their greatest advantages.
The simplicity of their mechanical drives is
another notable characteristic. A pair of electric
motors is more than sufficient to coordinate their
movement.
However, considerable strain on the solar collector
surface figures among their drawbacks, which varies
according to the position of the tracker.
These types of trackers are the most highly
developed today in Spain, given their characteristics,
design simplicity and adaptability. In fact, 34 patents
have been registered to date [7-41] that describe
various modifications and improvements to these
types of devices.

Fig. 6. Improved dual-axis polar-mounted solar
tracker. Source [15].

Fig. 7. Improved commercial dual-axis polarmounted solar tracker. Source [7].

Fig. 4. Commercial dual-axis polar solar tracker.
Source [26].

The example in fig. 6 minimizes the vertical post to
the point of reducing it to a small base upon which a
crown wheel is installed that supports and rotates the
rest of the structure, which is little more than a set of
three horizontal poles that serve as pivots for the the
solar panels. As may be seen, this is a more solid
construction, although it is worth noting that the
cogged crown wheel presents certain drawbacks such
as vibrations, reduced resistance to bad weather,
greater maintenance requirements, etc.
The example in fig. 7 transforms the two pole
system into a sort of articulated crossbar with high
mechanical strength due to its geometric design.
Moreover, movement is controlled in this model
through an oil-hydraulic actuator, thereby eliminating
motors and gearing systems that can cause significant
problems and generate additional maintenance costs.

Fig. 5. Commercial dual-axis polar solar tracker with
a collector surface area of up to 300 square meters.
Source [8].
Given their mass use in large-scale photovoltaic
installations in recent years, there are many varieties
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Similar models exist that replace the articulated
crossbar with a conventional ball-and-socket joint.
The kinematics of the mechanism are similar, but its
robustness is to a great extent reduced.
2.4.2 Dual-axis rotating platform trackers
The constructive design of these trackers consists of a
mounting that pivots about a central axis on which
the solar modules are mounted. These in turn pivot
about a horizontal axle.
These types of trackers are usually employed to
coordinate the movement of a great number of solar
collectors and are characterized by robustness and
design simplicity. However, they have the drawback
of requiring frequent check ups and maintenance
work (conservation of rotating elements, removal of
obstacles and obstructions, mechanical maintenance,
etc.) and the need for large square plots of land. In
addition, unlike polar-mounted trackers, it is much
more difficult to make use of the land under these
solar trackers.
Devices of this sort usually have a metallic
structure with a series of struts that are secured to a
wheel assembly. This mechanism is, in turn, geared
to a circular rail at ground level, which serves to
guide the daily movement of the panels as they track
the sun. Nevertheless, there are exceptions in which it
is the mobile platform that has the circular rail
whereas the motorized wheel assembly, which
enables rotation with respect to the vertical axis, is
anchored to the foundations.
Furthermore, the elevation movement can vary
between models. Some of them, such as the one in
fig. 8, pivot the panels about an axis of the rotating
platform using oil-hydraulic actuators. In contrast,
other devices arrange the panels in rows and have
them rotate about an axis that runs along each row, in
a somewhat similar way to a Persian blind (fig. 9).
To date, thirteen patents have been deposited in
Spain for this type of solar tracker [42-55].

Fig. 9. Commercial dual-axis rotating platform
tracker. Source [46].
2.4.3 Parallel kinematic trackers
The design of these trackers is based on the theory of
parallel kinematics. They are the least developed to
date and only four patents in this field exist in Spain
[32, 56-58].
The use of kinematic systems based on parallel
kinematics means the bars of the device function
exclusively under compression or axial traction,
giving it great rigidity, such that the kinematics
creates the structure from its system. Thus, it is
possible to scale-down the dimensions of the
mounting and to reduce the complexity of the system
in terms of the number of its components and its
assembly.
Fig. 10 shows a patented example of this type of
tracker, which has a fixed platform (2), a rotating
platform that holds the photovoltaic solar panels (1),
a central arm of variable length (3c) one end of which
is embedded in the fixed platform (f) and the other
connects to the geometric centre (Cg) of the rotating
platform through a joint with two degrees of freedom
(5c), and two or three arms of variable length (32)
that are joined at each of their extremities to the fixed
platform and to the rotating platform by means of
joints, in such a way that if two arms are used they
have at least two degrees of freedom, and if three
arms are used, the joints have three degrees of
freedom.

Fig. 10. Example based on parallel kinematics in
Spanish patent 2257949 A1. Source [57].

Fig. 8. Commercial dual-axis rotating platform
tracker. Source [61].
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[13] García Ferrero, A.: ES 2 303 793 A1
"Seguidor solar." 16.08.2008.
[14] García Girón, A.: ES 1 066 703 U "Seguidor
solar." 16.02.2008.
[15] Grant, T. y. M. T., Raúl: ES 2 308 910 A1
"Seguidor solar biaxial." 01.12.2008.
[16] Humanes Asensio, J. Á. y. L. I., Antolín: ES
2 294 929 A1 "Seguidor solar con movimiento
en dos ejes y accionamiento en uno solo de
ellos." 01.04.2008.
[17] Lahuerta Romeo, M.: ES 2 253 099 B1
"Seguidor solar." 01.05.2007.
[18] Lahuerta Romeo, M.: ES 2 304 211 A1
"Seguidor solar de paneles térmicos y
fotovoltaicos con sistema impulsor de aire
aplicable a edificios." 16.09.2008.
[19] Lahuerta Romero, M.: ES 2 253 099 A1
"Seguidor solar." 16.05.2006.
[20] Mendoza Aleson, J. A.: ES 1 061 033 U
"Seguidor solar para paneles fotovoltaicos."
16.12.2005.
[21] Montaner Soler, X. y. C. S., Héctor: ES 2
304 116 A1 "Seguidor solar de orientación
biaxial." 01.09.2008.
[22] Navamuel Esperanza, J. P. y. G. A.,
Francisco José: ES 1 060 949 U "Seguidor solar
en dos ejes perfeccionado." 01.12.2005.
[23] Oronoz Sagarzazu, M. E.: ES 1 067 765 U
"Seguidor solar." 16.06.2008.
[24] Oronoz Sagarzazu, M. E.: ES 1 068 357 U
"Estructura para seguidor solar." 01.10.2008.
[25] Orta Álava, M. Á.: ES 1 062 794 U "Equipo
de limpieza para paneles de captación solar con
seguidor solar." 16.07.2006.
[26] Ortega Jaén, V.: ES 1 068 508 U "Seguidor
solar fotovoltaico a dos ejes." 01.11.2008.
[27] Pazos Morán, P.: ES 2 281 990 A1
"Seguidor solar en dos ejes." 01.10.2007.
[28] Pazos Morán, P.: ES 2 281 990 B1
"Seguidor solar en dos ejes." 01.09.2008.
[29] Pérez Rambla, J. J. y. G. O., Oscar: ES 2
219 184 A1 "Seguidor solar." 16.11.2004.
[30] Pérez Rambla, J. J. y. G. O., Óscar: ES 2
219 184 B1 "Seguidor solar." 16.01.2006.
[31] Pérez-Íñigo García Malo de Molina, L. S.
G., Jesús and Iglesias Cuervo, Jesús: ES 1 064
946 U "Seguidor solar." 16.05.2007.
[32] Rivas García, C.: ES 1 061 617 U "Seguidor
solar lineal para instalación fotovoltaica."
01.03.2006.

4 Conclusion
The ideal tracker device is one that allows tracking
along two axes, by means of a simply assembled
mechanism, which requires easy, low-levels of
maintenance, and which is manufactured with
commonly used industrial components.
It may be highlighted that the majority of
applications developed to date in Spain are
principally intended to be mounted on the ground.
However, recent Spanish legislation on photovoltaic
energy is restricting their expansion on the ground,
and is leading to the development of smaller and
more compact trackers that are adaptable to storage
centre or household rooftops, where the regulatory
limitations are at present less restrictive.
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