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(54) SOLAR TRACKER WITH REFRACTION-BASED CONCENTRATION

(57) The invention comprises: a structure (3) sup-
porting at least one refraction-based concentration ele-
ment (1) and at least one collector (2) positioned parallel
to one another; and first actuation means operatively con-
nected so as to pivot the structure in relation to a base
(4) about a first axis (E1) parallel to the concentration
element and to the collector, in order to track a relative
movement of the sun. The concentration element is fixed
in a stationary position on the structure and the collector
is supported in said structure at least two rocker arms (5)
positioned parallel to one another and connected at the
ends thereof to form an articulated quadrilateral mecha-
nism. In addition, second actuation means are operative-
ly connected so as to pivot the arms in relation to the
structure about respective second axes (E2) adjacent to
the concentration element and perpendicular to the first
axis, so that the collector can at any time be positioned
at a maximum concentration point.
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Description

Field of the Technology

[0001] This invention relates to a solar tracker with re-
fraction-based concentration comprising one or more re-
fraction based concentration elements installed on a
movable structure, which concentrate the sun’s rays to-
wards one or more respective collectors also installed on
the movable structure. A first means of actuation move
the movable structure with regard to a base to track rel-
ative movement of the sun in a first direction, and a sec-
ond means of actuation move the collector(s) with regard
to the movable structure to track relative movement of
the sun in a second direction,

Background of the invention

[0002] Document GB 1590841 discloses a solar track-
er with refraction-based concentration that comprises a
movable structure upon which one or more linear con-
centration lenses are fixed and one or more linear col-
lectors, mutually parallel to each other and rigidly inter-
connected by a structure. Each one of the linear collec-
tors is arranged to capture the concentrated sun’s rays
by one of the linear concentration lenses. This solar track-
er further comprises means for actuation connected op-
eratively so as to pivot said movable structure with regard
to a support structure around a first axis parallel to the
linear concentration lenses and to the linear collectors to
track relative movement of the sun in one direction (sea-
sonal movement). The lens or set of lenses is also rotary
in regard to the movable structure around an axis which
is transverse thereto, perpendicular to the aforemen-
tioned first axis, to track solar movement during the day.
One disadvantage to the solution proposed is that the
length between the linear concentration lenses and the
collectors remains fixed, which makes it impossible to
change thereby and to optimize the radiation concentra-
tion conditions on these collectors. Moreover the angle
of the lens cannot provide a suitable concentration in the
collector, in its different positions.
[0003] Through document US 2008/0295825 a lens
system is disclosed with a focal length correction used
for the concentration of solar radiation on a collector,
which provides a means to move a set of linear concen-
tration lenses away or towards a fixed collector, or to
move a collector away or towards a lens or a fixed set of
lenses, using an oscillating circular movement of said set
of lenses (rotation around the center of a rotary disk or
bars). In certain phases of the movement, this type of
oscillating circular movement has the disadvantage of
not making the most of the concentration ability of the
lenses, which generates shadows.

Disclosure of the invention

[0004] This invention discloses a solar tracker with re-

fraction-based concentration, which comprises a struc-
ture which supports at least one refraction concentration
element and at least one collector that is mutually parallel
thereto. The aforementioned refraction concentration el-
ement is fixed in a stationary position in this structure,
while the collector is supported on said structure by at
least two rocker arms which are mutually parallel to each
other forming an articulated quadrilateral mechanism.
The solar tracker comprises a first means for actuation
connected operatively so as to pivot the structure with
regard to a base around a first axis parallel to this refrac-
tion concentration element and to the collector in order
to track movement relative to the sun, and a second
means of actuation operatively connected so as to pivot
said rocker arms with regard to the structure around re-
spective second axes perpendicular to said first axis to
place the linear collector at a point of maximum sun ray
concentration.
[0005] Thus, through the movement of the structure
with regard to the base, which is fixed relative to the
ground, an imaginary plane that comprises a longitudi-
nally symmetrical axis of the refraction concentration el-
ement, and a longitudinally symmetrical axis of the col-
lector may be positioned at different times throughout the
day, parallel to the sun’s rays, and through the movement
of the collector’s rocker with regard to the structure, and
subsequently in relation to the refraction concentration
element, at different times throughout the day it is pos-
sible to place the linear collector at a point of maximum
sun ray concentration, or what would be the same, at the
linear focus of the refraction concentration element, es-
pecially with a concentration lens.
[0006] In one embodiment, the lens is a linear Fresnel
concentration lens, and the linear collector may be a ther-
mal or photovoltaic powered collector. Other refraction
concentration elements may be prisms or spherical lens-
es. In one embodiment, at least two concentric circular
guide elements are fixed in the structure with the first
axis, which are separated from each other and arranged
around the collector and the rocker arms. These circular
guide elements are coupled to a support and guide device
installed on the base.
[0007] For example, the aforementioned support and
guiding device may comprise, for each circular guide el-
ement, at least two external rollers supported on the base
over those that support the external track of the circular
guide element and at least one interior roller supported
in the base and supported upon an interior track of said
circular guide elements.
[0008] In this case, the aforementioned first means of
actuation may comprise a flexible traction element, such
as a roller chain, a cable or something similar, connected
to the structure and supported on sections of an external
circular surface of the circular guide element located on
opposite sides thereof, and a traction mechanism acti-
vated by an electric motor and arranged to selectively
pull said flexible traction element in opposite directions.
Alternatively, the first means of actuation may comprise
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a toothed ring sector fixed to one of the circular guide
elements and an electric motor operatively connected to
rotate a pinion meshed with said sprocket sector.
[0009] In another embodiment, the structure compris-
es axis support which supports a pivot shaft in a coaxial
position with the first axis, and said pivot shaft is rotation-
ally supported on support members attached to the base.
In this case, the first means of actuation may comprise,
for example, an electric motor connected operatively to
cause the pivot shaft to rotate selectively in opposing
directions.
[0010] Regardless of the carrier system, guide system
and actuation system controlling movements of the struc-
ture, the solar tracker may include a single refraction con-
centration element attached in a stationary position to
the structure and a single collector supported in the struc-
ture by the corresponding rocker arms, or a plurality of
refraction concentration elements (lenses, prisms, or oth-
er suitable optical elements, know in the Prior Art) mutu-
ally parallel each other attached to respective stationary
positions in the structure and a plurality of collectors sup-
ported in the structure by the corresponding rocker arms,
with one of the collectors associated with each of the
refraction concentration elements.
[0011] In one embodiment, the structure is made of
steel or aluminum, and it comprises a plurality of longi-
tudinal and transverse structural members connected to
each other, and a plurality of reinforcing bars and struts
connected to said longitudinal and transverse members
forming triangulations. Thus, the structure is endowed
with extraordinary rigidity and lightness, and it behaves
in an exceptionally strong manner to the stress of flexing
and twisting which occurs in part to the weight of the
structure itself, but fundamentally, due to the wind loads
to which it may be exposed during its operation.
[0012] The design of the structure makes it possible
for it to be fully built in a workshop, with conventional
materials and technologies, and subsequently for it to be
moved in its completely assembled state to the definitive
site. In this way, in situ operations on the structure may
be minimized, which implies a minimization of the costs.
[0013] Preferably, the solar tracker assembly is auto-
stable, so that in the event of a failure or breakage of the
means of actuation, the structure gradually returns by
itself, to a position of stability, thus avoiding impact acci-
dents, sudden rollovers, or breakage in other parts of the
installation.
[0014] In short, the solar tracker with refraction-based
concentration of this invention offers the following advan-
tages:

• Tracking the sun with regard to an axis through the
rotation of the lens support structure.

• Positioning the solar energy collector at all times at
the point of maximum concentration through the
timely rotation of the rocker arms.

• The solar tracker may be placed in any orientation
with regard to the sun optimizing solar collection,

since it is not necessary that it be aligned with the
north-south or east-west axes.

• The structure that holds the lens has the maximum
of strength and rigidity against wind with minimum
use of materials and great simplicity in its manufac-
ture and assembly.

• The embodiment that includes the guided rotation
using the circular guide elements involves great sim-
plification of the actuations to achieve the move-
ments: For example, a geared motor with a chain or
sprocket for rotating the structure and one or more
linear actuator devices to move the rockers.

• The embodiment that includes the rotation using a
pivot shaft makes it possible to simplify and econo-
mize the actuations to achieve the movements: For
example, a geared motor with chain or sprocket for
rotating the structure and a linear actuator to move
the rockers.

• A casing or liner is provided covering the structure
which holds the lens in the entire extent of one or
more serially connected structures, and closed on
the ends. With this improved structural behavior
against wind, an increase in the interior temperature
of the coating with respect to the outside is achieved,
improving significantly the thermal behavior of the
collector.

Brief Description of the Drawings

[0015] The foregoing and other characteristics and ad-
vantages will become more evident from the following
description of a few examples of embodiments with ref-
erence to the appended drawings, in which:

Fig. 1 is a view in perspective, simplified, of a solar
tracker with refraction-based concentration accord-
ing to an embodiment of this invention;
Fig. 1A is a partial diagram of a front view that shows
a possible actuation of the tracker of Fig. 1;
Fig. 2 is a lateral top view, simplified, of the tracker
showing a first relative shift of the collector, in relation
to the set of refraction concentration elements, ap-
proximating both elements for the purpose of opti-
mizing the concentration of energy, concentrated on
the collector, for a first arrangement relative to the
solar tracker with regard to the sun;
Fig. 3, is a view equivalent to the previous view, but
showing the shift of the collector from the opposite
side, equally modifying the distance between the se
of refraction concentration element and the collector,
to respond to a second arrangement relative to the
solar tracker with regard to the sun;
Fig. 4 shows an alternative example of construction
of the structure holding the set of rotary lenses, with
respect to a central longitudinal axis; and
Fig. 5 is a view in perspective that shows a structure
applicable to the solar tracker according to the con-
struction of Fig. 1 or according to the construction of
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Fig. 4.

Detailed Description of a Few Examples of Embodiments

[0016] Fig. 1 shows a first example of an embodiment
of a solar tracker with refraction-based concentration, ac-
cording to the invention comprising a structure 3 which
supports at least one refraction concentration element 1
and at least one collector 2 that is mutually parallel there-
to, and a first means of actuation operatively connected
so as to pivot said structure 3 with respect to a base 4
around a first axis E1 parallel to said refraction concen-
tration element 1 and to the collector 2 to track relative
movement of the sun, according to that disclosed in GB
1590841.
[0017] In accordance with the proposal of this invention
said refraction concentration element 1 (in the example
two units, parallel to each other, longitudinal, for Ex. linear
concentration lenses) is attached in a stationary position
in said structure 3 and the collector 2 (in this example of
two units, parallel to each other) is supported in said
structure 3 by at least two rocker arms 5 which are mu-
tually parallel to each other forming a articulated quadri-
lateral mechanism, and a second means of actuation are
operatively connected so as to pivot the rocker arms 5
in relation to the structure 3 around the respective second
axes E2 which are adjacent to the refraction concentra-
tion element 1 and perpendicular to the first axis, E1 so
that the collector 2 can at any time be positioned at a
maximum concentration point.
[0018] As shown in Figs. 1, 2, and 3, the structure 3,
has two concentric circular guide elements 6 attached to
the first axis E1, separated from each other and arranged
around the collectors 2 and the rocker arms 5, and said
circular guide elements 6 are coupled to a support and
guide device installed onto said base 4.
[0019] In accordance with an embodiment illustrated
in Figs. 2 and 3 in diagram form and in Fig. 1 A with
greater detail, the support and guide device comprises
at least two external rollers 7 for each circular guide el-
ement 6 supported on the base 4 upon which support an
external track for the circular guide element 6 and at least
on inner roller 8 supported on the base 4 and which is
supported upon an inner track of said circular guide ele-
ments 6. As shown in said Fig. 1A the first means of
actuation may comprise a flexible traction element 9
(such as a chain or similar item) connected to the struc-
ture 3 and supported upon sections of an external circular
surface of the circular guide element 6 on opposing sides
thereto and a traction mechanism actuated by an electric
motor 10 and arranged to pull said flexible traction ele-
ment 9 selectively in opposite directions.
[0020] In the example of the embodiment of Fig. 4, the
alternative structure 3 comprises axis supports 11 that
support a coaxial pivot shaft 12 to the first axis E1, and
said pivot shaft 12 is rotationally supported upon support
members 13 attached to the base 4. In this case, the first
means of actuation comprise a conventional electric mo-

tor (not shown) operatively connected to cause the rota-
tion of the pivot shaft 12 selectively in opposite directions.
[0021] The solar tracker explained to this point may
comprise a plurality of said refraction concentration ele-
ments 1, appended to respective stationary positions in
the structure 3 and a plurality of said collectors 2, sup-
ported to said structure 3 by a plurality of rocker arms 5,
with one of the collectors 2 associated with each of the
refraction concentration elements 1.
[0022] As shown in Fig. 5, for the purpose of improving
the structural 3 strength described, we have planned for
it to comprise a plurality of longitudinal members 31 and
transverse members 32 connected to each other, and a
plurality of reinforcement bars 33 and reinforcing struts
34 connected to said longitudinal and transverse mem-
bers 31, 32, forming triangulations.
[0023] At the top of the structure 3 is a rectangular-
shaped upper frame in the form of a lattice which supports
the refraction concentration elements 1, and therefore it
must remain under a minimal distortion range, to ensure
the correct positioning of the sunspot. This frame is built
using circular sections, thereby contributing to the as-
sembly with a minimum of deformations, regardless of
the assembly’s position in the structure 3, and the direc-
tion of the wind loads that the lens receives.
[0024] Below said upper rectangular frame is a "W-
shaped" section in which the rocker arms 5 and the col-
lector 2 move. The triangular spatial arrangement of the
bars and the reinforcing struts 33, 34 provide a complete-
ly rigid core with structural sections of minimal section.
The side bars have a great oriented inertia so that the
deformation thereof when the structure 3 is tilted is the
smallest possible for the inertia/weight ratio of the sec-
tion.
[0025] In the lower part of the structure 3 there is a
lower rectangular frame, which plays a double role. On
one hand, it integrally links the compartments in the "W-
shaped" section, providing consistency to the assembly;
and on the other hand it imparts torsional rigidity to the
assembly, which is a critical point for proper rotational
behavior of the structure. This lower rectangular frame
acts as a rigid screen, which is essential to make tracking
movement possible, also using steel minimal sections.
[0026] In the examples shown, the refraction-based
concentration elements 1 are linear concentration lenses
and the collectors 2 are linear collectors. Nevertheless,
it is planned that the refraction-based concentration ele-
ments may alternatively be prisms, concentric lenses, or
other optical elements capable of performing a concen-
tration of sun’s rays by refraction, and the collectors may
be punctual collectors.
[0027] One skilled in the art will be able to introduce
modifications and variations to the embodiments shown
and described without departing from the scope of the
invention as defined in the appended Claims.
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Claims

1. Solar tracker with refraction-based concentration,
comprising a structure (3) which supports at least
one refraction concentration element (1) and at least
one collector (2) that is mutually parallel thereto, and
a first means of actuation operatively connected so
as to pivot said structure (3) with respect to a base
(4) around a first axis (E1) parallel to this refraction
concentration element (1) and to the collector (2) in
order to track movement relative to the sun, char-
acterized in that said refraction concentration ele-
ment (1) is fixed in a stationary position on this struc-
ture (3) and the collector (2) is supported on said
structure (3) by at least two mutually parallel rocker
arms (5), connected to its ends forming a articulated
quadrilateral mechanism, and a second means of
actuation operatively connected so as to pivot said
rocker arms (5) with regard to the structure (3)
around the respective second axes (E2) adjacent to
the refraction-based concentration element (1) and
perpendicular to said first axis (E1) to place the col-
lector (2) at any time, at a point of maximum concen-
tration.

2. Solar tracker according to Claim 1, characterized
in that the structure (3) has at least two circular guide
elements (6) which are concentric to the first axis
(E1), separated from each other and arranged
around the collector (2) and the rocker arms (5), and
said circular guide elements (6) are coupled to a sup-
port and guide device and installed on said base (4).

3. Solar tracker according to Claim 2, characterized
in that said support and guide device comprises at
least two external rollers (7) for each circular guide
element (6) supported on the base (4) over those
that support the external track of the circular guide
element (6).

4. Solar tracker according to Claim 3, characterized
in that said first means of actuation comprise a flex-
ible traction element (9) connected to the structure
(3) and supported on sections of an external circular
surface of the circular guide element (6) located on
opposite sides thereof, and a traction mechanism
powered by an electric motor (10)
and arranged to pull said flexible traction element (9)
selectively in opposite directions.

5. Solar tracker according to Claim 3, characterized
in that said first means of actuation comprises a
sprocket sector attached to one of the circular guide
elements (6) and an electric motor connected oper-
atively to cause the meshed pinion to rotate with a
sprocket sector.

6. Solar tracker according to Claim 1, characterized

in that the structure (3) comprises axis supports (11)
that support a pivot shaft (12) coaxial to the first axis
(E1), and said pivot shaft (12) is rotationally support-
ed upon support members (13) attached to the base
(4).

7. Solar tracker according to Claim 6, characterized
in that the first means of actuation comprise an elec-
tric motor connected operatively to cause the pivot
shaft (12) to rotate selectively in opposing directions.

8. Solar tracker according to any one of the preceding
claims, characterized in that a plurality of said re-
fraction concentration elements (1) is fixed in respec-
tive stationary positions on this structure (3) and a
plurality of said collectors (2) are supported on said
structure (3) by a plurality of rocker arms (5), with
one of the collectors (2) associated with each of the
refraction concentration elements (1).

9. Solar tracker according to any one of the preceding
claims, characterized in that the structure (3) com-
prises a plurality of longitudinal members (31) and
transverse members (32) connected to each other,
and a plurality of reinforcement bars (33) and rein-
forcing struts (34) connected to said longitudinal and
transverse members (31, 32) forming triangulations.

10. Solar tracker according to any one of the preceding
claims, characterized in that the structure (3) com-
prises a casing or liner that covers said structure (3)
and the surface of the refraction concentration ele-
ment (1) is left free.

11. Solar tracker according to any one of the preceding
claims, characterized in that said refraction con-
centration element (1) is a linear concentration lens
and said collector (2) is a linear collector.
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