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(54) System and method for the articulated attachment of solar reflector elements to supporting 
structures

(57) The present invention relates to a system for the
articulated attachment between a reflector element used
in a solar thermal concentration collector and its support-
ing structure. The system allows the attachment between
the reflector mirror and the supporting structure in all its
anchoring points without there being stresses of any type
due to angular deviations on the reflector. It comprises
a main body of attachment (2) intended for being fixed
on the face of the reflector element (13) opposite the face
of incidence of solar radiation, comprising a hole (14)

intended for receiving a male fixing element (3), and
adaptable joint means which allow the free rotation in
space of the attachment between the reflector element
(13) and the supporting structure. The adaptable joint
means comprise a through hole (15) intended for allowing
the passage therethrough of a threaded rod (3) having a
first end for fixing in the hole of the main body of attach-
ment (2) and a second end for receiving a nut or threaded
female part intended for rigidly fixing the entire reflector
element (13) and supporting structure assembly.
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Description

Technical Field of the Invention

[0001] The present invention relates to a system for the articulated attachment of solar reflector elements to supporting
structures. This system assures on one hand the spatial and temporal immobility (continuity and permanence) during
the lifetime of the reflector element against the forces acting on the system, and at the same time assures during the
processes for fixing and anchoring the reflector elements to the supporting structure, a temporal elastic equilibrium
minimizing stresses on the reflector element maintaining it in its relaxed equilibrium position and therefore conserving
its optical concentration properties.
[0002] This system for the articulated attachment can be applied to the attachment of reflector elements to supporting
structures within the field of electric power generation by solar radiation concentration.

Background of the Invention

[0003] The technology in which the present invention is included, known as solar thermal concentration technology,
allows, as a result of the high temperatures obtained when concentrating solar radiation, obtaining hot vapor or air which
will be used for generating electricity following conventional processes.
[0004] From among the different variants for generating electricity by solar radiation concentration, the use of the
fixing element object of the present invention is particularly advantageous for parabolic trough (PTC) technology.
[0005] In the context of this invention, a trough-type geometry is used to refer to that surface which is formed by parallel
lines and the intersection of which at any point of the surface with a plane perpendicular thereto determines a constant
curve. In the particular case in which the mentioned section defines a substantially parabolic curve, it could be said that
it has a parabolic trough geometry.
[0006] PTC technology uses collectors which capture solar radiation by means of a series of reflectors having a
parabolic trough section which concentrates the solar rays on a receiver tube located in the focal line of the reflectors.
The working fluid flows through this tube while it is heated until finally transferring its heat to a boiler or a power accu-
mulation system. Both the reflector and receiver tube (also called absorber tube) are assembled on a metal structure
which provides rigidity to the system and allows performing the movement for tracking the sun about an axis of rotation
in order to optimize the incident radiation. The assembly formed by the reflectors, absorber tube, supporting structure
and tracking system is known as a solar collector.
[0007] The reflectors used in capturing radiation must have a high geometric precision of concentration in their man-
ufacture, which is defined by the intrinsic characteristic of the reflector referred to as intercept factor. The intercept factor
is defined as the ratio existing between the energy that the reflector is capable of reflecting on the absorber tube and
the total energy striking the reflector, expressed in percentage terms.
[0008] A collector of a solar concentration station is a precise system, in which the structure on which the capturing
system is assembled must have sufficient positioning accuracy so that when the reflectors and absorber tube are
assembled, the relative position with respect to one another is as close as possible to the theoretical position, and
therefore the intercept factor with which the reflector has been manufactured is maintained.
[0009] However, the arrangement and fixing of the reflectors on the supporting structure does not assure that the
percentage of solar radiation reflected on the absorber tube is that defined by the intercept factor of the reflector, rather
an inevitable intercept loss is assumed once the assembly process has ended. Said intercept loss will be more or less
important depending on the precision of the manufacture and assembly of the metal structure, on the quality of the
surface of the reflector and on the quality of the attachment between reflector and structure. This makes it necessary to
use expensive processes for the manufacture and assembly of the metal structure, assuring minimal precision, and
even still the intercept loss continues to be inevitable. Likewise, the attachment between the reflector and the structure
becomes a critical parameter in the process for the manufacture of the reflector, requiring such high assembly precisions
that they border the limits of what is technically plausible and require very expensive quality controls.
[0010] The functional component for capturing solar radiation in generating solar thermal energy is the collector. Due
to the huge development experienced in this industry in recent years, there is a wide variety of designs of collectors,
some examples of which can be seen in documents ES2274710A1, ES2326303A1.
[0011] In commercial plants currently being built and operated based on PTC technology, the type of collector used,
although with different variants, has the same basic characteristics. The common use length of each collector ranges
between 100 and 150 meters. In turn, each collector is subdivided into modules of generally 12 m in length, which form
the constructive unit during the assembly. Each module consists of the following basic elements:

- The parabolic trough reflector: The solar radiation directly strikes the reflector which reflects and concentrates it in
the focal line of the extruded parabola. There are several variants of reflectors with different materials, such as
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plastics, glasses, metals... However, until now the reflectors that have proven their validity and are being used
commercially in solar fields use a glass substrate. A typical configuration of a parabolic solar reflector is a monolithic
or laminar glass, with or without thermal treatment, 4 or 5 mm thick and with approximate developed dimensions of
around 1700 mm by 1600 mm. Generally each module has 28 reflectors arranged assembled thereon along 7
parabolic trough sections, such that each section consists of four individual reflectors.

- Absorber tube: it receives the concentrated radiation from the reflectors that it transfers in the form of heat energy
to a fluid circulating therethrough.

- Mechanical supporting structure: it serves as a support for the remaining components, assuring the relative position
with respect to one another and providing rigidity to the system.

- Tracking system: mechanism which rotates the assembly about a single axis, such that the incident solar radiation
on the area of aperture of the reflectors is optimized.

[0012] The metal structure must be capable of withstanding stresses in the transport and assembly as well as the
operating stressing, such as wind and thermal loads, etc. In turn, it must allow the suitable and sufficiently precise
attachment of all the different components assuring the optical performance of the assembly. There are multiple variants
in the design of structures. Nevertheless, the most widespread design today for which the present invention is very
advantageous is the socalled "central body and arms structure". This structure comprises a central body, also called
torque box or tube, arranged parallel to the axis of the absorber tube, to which a set of arms is perpendicularly fixed,
normally with a cantilever metal truss structure. The reflectors will subsequently be fixed on these arms in a determined
number of rigid attachments, generally at least four per reflector. Examples of this type of structure are described in the
aforementioned documents ES2274710A1, ES2326303A1.
[0013] Among all the components necessary for the operation of a solar thermal electric generation plant, the reflectors
are one of the most critical for productivity. The characteristics which determine the quality of the reflector are reflectivity,
which depends on the material and method of application of the reflective coatings, and the intercept factor, which
depends exclusively on the advantages of the geometry of the reflector. The value of both parameters is directly pro-
portional to the value of the energy produced in a solar thermal station, and therefore to the level of earnings thereof.
This means that a one-point percentage increase of the intercept factor is automatically reflected in an increase in the
financial earnings of the generation plant by approximately a one-point percentage (slightly less).
[0014] The main concentration technologies today, including PTC technology, are conceptually based on the geometric
properties of the parabola. It can be inferred from the application of these properties that the intercept factor depends
exclusively on the direction of the line tangential to the parabola at all points. Therefore, when the actual shape of the
parabola presents variations with respect to its theoretical geometry, it means that the slope of the tangent line at that
point has changed. In these conditions, the reflected ray no longer strikes at the theoretical focal point, but rather it
presents an angular deviation with respect to it, the value of this angle being exactly twice that which is defined at this
point by the theoretical tangent line and the new actual tangent line.
[0015] The extreme sensitivity of the parabolic geometry can be inferred from the preceding paragraph, where small
local deformations of the order of 10 to 20 mrad and even smaller local deformations that cannot be measured using
conventional measuring systems, can cause a loss of incidence of the radiation in the focal point, and therefore serious
economic losses in the performance of the solar thermal station.
[0016] The determination of the optical geometry (or intercept factor) during the process for the manufacture of reflectors
is only possible by means of either direct or indirect light ray reflection methods. During the measuring process, the
parabolic trough substrate of the reflector must be supported at support points arranged in exactly the same relative
position with respect to one another, and with respect to the surface of the substrate, which will have the theoretical
support points in the supporting structure. The supports intended for serving as a support during the dimensional control
of the substrate are constructively designed as simple supports in order to prevent generating stresses on the substrate
which can deform it and therefore distort the result of the measurement. A simple support is understood as that connection
between two structural members which allows rotation but not displacements of one member with respect to the other.
[0017] Generally four supports are used for the on-site assembly of the reflectors on their supporting structures,
although in exceptional cases, like in areas which tend to have high wind loads, up to nine can be used.
[0018] The current technology for manufacturing parabolic trough reflectors allows reaching values of the intercept
factor that are greater than 99.5% for absorber tube diameters of 70 mm.
[0019] An example of a process for manufacture is described in document EP2096375A1, developed by the same
inventors of this application.
[0020] The manufacture of a reflector does not end with the formation of its substrate, but rather it is necessary to
provide it with the means for fixing it to the mechanical structure. The solution used today to fix the reflector to the
structure at each of its support points consists of a ceramic part which is attached to the surface of the reflector on the
face opposite that of the incidence of solar radiation. The attachment is by means of adhering, using an adhesive which
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assures suitable strength and durability. Furthermore, this attachment must have a modulus of elasticity such that by
maintaining the rigid attachment condition, it allows absorbing the stresses derived from the differential expansions
between the material of the substrate and the ceramic part itself. Silicones have proven to be a suitable material capable
of fulfilling these conditions. The ceramic part has a cavity therein in which a metal insert with a threaded female part
therein is housed. The ceramic part and metal insert assembly is referred to as ceramic pad. This type of fixing is
described in the document EP0098404B1.
[0021] The ceramic pad can be fixed directly to the metal structure or by means of a metal part integral with the
structure which will be referred to as intermediate profile. The function of the intermediate profile is to minimize the
positioning errors in the support points due to the imprecise manufacture and assembly of the structure. This intermediate
profile consists of a bent metal profile with a flat face attached to the structure and the other flat face facing the ceramic
pad. An opening in the form of a mounting hole which allows fixing the ceramic pad in its position is machined on this
latter flat face. Three-dimensional measuring systems and tools (laser tracker) are typically used to assure the precision
of this operation. The final attachment is by means of a stud which is screwed into the female part of the metal insert of
the pad and the assembly is locked with the corresponding nut.
[0022] Given the sensitivity of the parabolic geometry described above, the positioning in the structure of the anchoring
points of the parabola must have high precision, more so when these points, generally four in number, make up the
reference support system that determines the intercept factor of the reflector.
[0023] The precision requirements increase dramatically when taking into account the mechanical nature of the re-
flector. The reflector is not a rigid element, but in contrast, it is an elastic element, i.e., an element the deformations of
which are of a large magnitude in relation to the function it carries out. It has already been seen how minimal deformations
of the order of a few milliradians can cause intercept loss on the tube.
[0024] The constructive solution for fixing the reflector to the structure must not only satisfy precision in the design
and assembly, but at the same time it has to assure the spatial and temporal immobility against the forces acting on the
system (wind load, its own weight, ....) during the lifetime of the product.
[0025] For this reason, the reflector is connected to the structure by means of a finite number of rigid attachments,
using as an attachment element the ceramic pads described above. The anchoring of the reflector by means of ceramic
pads restricts all the degrees of freedom of each support, which means that the system, understood as the reflector with
four encasement-type supports, has a degree of static indeterminacy of 18, i.e., there are 18 more limitations of
movement" than those which are strictly necessary. Encasement-type support is understood as that connection between
two structural members which prevents the rotation and the displacement in any direction of one member with respect
to the other.
[0026] A system the movement of which is excessively restricted has the drawback of requiring for each of its supports
additional precision in the geometry, because any deviation will cause deformation in that element having less rigidity.
In this case, the element that can be being deformed is the reflector, the rigidity of which against bending (since it is a
sheet) is less than the remaining attachment elements and the structure itself.
[0027] The factors affecting the position of the anchoring points in the collector are the following:

- Errors in the manufacture and assembly of the metal structure
- Errors on the intermediate profile
- Errors in the manufacture of the pads
- Positioning errors of the pads in the reflector
- Errors of the reflector itself, in the area of the support

[0028] The errors in the manufacture and assembly of the metal structure are dimensional uncertainty errors typical
of any process for the manufacture and assembly of metal structures. Assuring the position of the anchors with the
required precision is an expensive process in terms of construction times and labor, because it requires operations which
normally present little precision, such as cutting, welding, drilling. The cost of the process is furthermore increased
because it requires the use of positioning jigs, three-dimensional measurements by means of laser devices, etc. Even
once the reflector is placed on its anchoring points, the final positioning thereof by means of side movements can cause
deviations in the less rigid elements of the structure, such as the intermediate profile.
[0029] Once the main body of the module has been manufactured, which body is formed by the torque box and the
support arms for the reflector, only one measurement of the position of the center of the mounting hole but not of the
contact angle is taken with a laser device. If the final flatness of the intermediate profile in its area of contact with the
ceramic pad is not correct, stresses occur in the rigid attachment which lead to deformations in the reflector. For example,
it has been found that deviations of 20 hundredths of a mm give rise, depending on the point of deformation, to deviations
in the support plane of 3 or 4 mrad.
[0030] Along with the metal structure, the correct positioning of the pads in the reflector takes on a very important role,
being a critical parameter to be controlled during the fixing thereof, particularly the angular deviation of the pad in the
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plane perpendicular to the focal line of the parabolic trough reflector (axis of the absorber tube), given that it is the plane
containing the lines tangent to the parabolic section. There are at least 4 pads for each reflector, and in turn each one
can be deviated in two different directions, in a positive or negative direction. It is evident that there are many combinations
causing different effects, especially when the reflector has a parabolic section. The difficulty of controlling the acceptable
limits of angular deviation of the placement of the pads increased due to the fact that they are not adhered to a theoretical
surface, but rather to an actual reflector substrate, which also has its own manufacturing tolerances and therefore more
or less important angular deviations on the surface. In addition to the positioning and, to a lesser extent, the errors in
the manufacture of ceramics derived from the lack of flatness of their facets, i.e., the substantially parallel faces of the
ceramic pads, also cause deformations in the rigid attachment to the reflector.
[0031] Another variable affecting the final result is the order of fixing the pads in the structure. The first pad that is
tightened will condition the position of the rest. The tightening torque between the pad and the structure also slightly
affects the result. The more torque that is applied, up to a certain limit, the greater the deformation generated in the
substrate, so the performance will be deteriorated. The tightening torque is therefore yet another parameter to be
controlled in this process.
[0032] The geometric quality of the reflector is fundamental in the overall performance of the solar thermal plant. The
statistical results of the analysis of the angular deviations in the entire surface of the reflector show that the distribution
of the angular deviations of the reflected ray can approximate a normal statistical distribution. Thus, a reflector with an
acceptable intercept factor but with high standard deviation values will present greater sensitivity to small deformations
in the supports. In contrast, a reflector with angular deviations close to the nominal value thereof will have a greater
margin for absorbing errors.
[0033] It can be asserted that a series of errors inherent to the processes themselves are present during the manufacture
and subsequent on-site assembly of each of the components of a collector. Today, limiting these errors to within rea-
sonable values involves high costs in the manufacture, quality control and assembly, despite which high costs an intercept
loss inevitably takes place in the absorber tubes due to the deformations induced in the surface of the reflector.
[0034] The more serious attempts to minimize the loss of optical performance once assembled on-site have been
made by approaching the problem from the viewpoint of the manufacture of the structure itself. Document ES2326303A1
describes a solution based on a process for manufacture by means of which more precise structures with greater rigidity
in the elements forming them are achieved. The problem of providing additional rigidity to the structure is that the
dimensional requirements of the assembly become even greater because there is no possibility for the reflector to reduce
the stresses to which it will be subjected once it is rigidly fixed to the entire assembly. This solution therefore increases
the cost of manufacture and does not solve the problem derived from placing the ceramic pads in the reflector without
angular deviations of the theoretical position thereof.
[0035] For the purpose of analyzing and better understanding the loss of performance observed in the field with respect
to the initial intercept factor values of the reflectors, the attempt has been made to reproduce the behavior of the system
as a whole in the laboratory such that it would allow knowing the real effect of the position of the ceramic pads. For that
purpose, a tool with which a battery of measurements has been taken has been designed and built.
[0036] The tool built to simulate the supporting structure represents an actual section thereof, with the four support
points of the reflector located in the same plane parallel to the horizontal. Said tool reproduces the degrees of freedom
of the actual structure. All the tests described below were conducted based on the spatial position of the support points
of the structure being within specifications. The values observed in said tests can be deteriorated in practice in those
cases in which the actual on-site structure can be outside the established tolerance limits.
[0037] Measuring equipment called QDEC has been used to determine the intercept factor. This equipment uses a
method of measurement based on deflectometry which allows calculating the deviation of the tangents in the surface
of the reflector, and from that, the angular deviations on the focal point by means of a series of photographs. This
equipment is currently marketed by CSP Services and has been developed in collaboration with the German Aerospace
Institute (DLR). To take the measurement, the tool which simulates the actual structure is arranged in the position defined
for such purpose in the QDEC equipment.
[0038] Two groups of reflectors were analyzed in a first battery of tests:

- Group A: Reflectors with an acceptable intercept factor for a receiver tube having a diameter of 70 mm and an
angular deviation of the position of the pads less than 10 mrad.

- Group B: Reflectors with an acceptable intercept factor for a receiver tube having a diameter of 70 mm and a position
of the pads in the plane perpendicular to the receiver tube greater than 10 mrad.
For both cases the value of the intercept factor was analyzed in the following suppositions:

- Supposition 1: Part measured in the dimensional control conditions which take place in the manufacture of the
reflectors: simple support in four points of the reference tool during the measurement. The measurements resulting
from supposition 1 correspond to the intercept factor value which characterizes the reflector during the normal
processes for manufacture.
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- Supposition 2: Reflector with adhered standard ceramic pad simply supported in the tool which simulates the metal
structure of the collector. The stud inserted in the threaded female part of the ceramic pad is free, without any nut
to tighten it, therefore without any restriction of the relevant degrees of rotational freedom (except the rotation about
the axis of the stud which is not relevant for the purposes of the technical problems identified) in each of the supports.
The result of the measurement will indicate the minimum error caused by the errors in the manufacture of the
components (structure, mirror, pads), even these components being within acceptable dimensional tolerance values.

- Supposition 3: Reflector with adhered standard ceramic pad supported in the tool simulating the metal structure of
the collector in an encasement-type support, i.e., with all the degrees of freedom of each support being restricted.
The attachment is fixed by means of a nut screwed on the stud which is inserted in the threaded female part of the
ceramic pad, using the standard tightening torque defined for such on-site operation. The result of this measurement
will indicate the contribution to the loss of optical performance of the collector caused by the restriction of the degrees
of freedom of the support and the consequent deformation of the reflector.
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Test 1: Reflectors group A, according to suppositions 1, 2 and 3:

Part No. Position pad 
1 (mrad)

Position pad 
2 (mrad)

Position pad 
3 (mrad)

Position pad 
4 (mrad)

Average %IF tube 70, 
supposition 1

%IF tube 70, 
supposition 2

Difference 
supposition 1 

and 2

%IF tube 70, 
supposition 3

Difference 
supposition 1 

and 3

1 -2.73 -1.18 7.36 2.82 1.57 99.01 98.55 0.46 97.97 1.04

2 1.55 4.00 -8.36 0.27 -0.64 99.71 99.60 0.11 99.27 0.44

3 0.27 0.36 -8.55 7.09 -0.20 99.47 99.12 0.35 98.16 1.31

4 2.27 -3.64 -6.82 0.00 -2.05 99.38 99.06 0.32 98.84 0.54

5 -0.55 5.91 1.55 9.55 4.11 99.30 98.97 0.33 98.72 0.58

6 2.18 -5.18 4.00 0.45 0.36 99.10 98.91 0.19 98.00 1.10

7 0.00 3.55 1.55 -2.18 0.73 99.78 99.63 0.15 98.93 0.85

8 0.00 -0.73 7.45 -3.64 0.77 98.74 98.31 0.43 97.96 0.78

9 1.73 -1.09 2.36 -0.27 0.68 99.32 98.99 0.33 99.02 0.30

10 -3.09 2.64 -6.18 7.45 0.20 99.82 99.55 0.27 99.43 0.39

11 -1.00 1.45 1.36 -1.55 0.07 100.00 99.94 0.06 99.89 0.11

12 1.27 -1.64 2.00 -0.91 0.18 99.52 99.27 0.25 99.20 0.32

AVERAGE 0.27 0.65
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Test 2: Reflectors group B, according to suppositions 1, 2 and 3:

Part No. Position pad 
1 (mrad)

Position pad 
2 (mrad)

Position pad 
3 (mrad)

Position pad 
4 (mrad)

Average %IF tube 70, 
supposition 1

%IF tube 70, 
supposition 2

Difference 
supposition 1 

and 2

%IF tube 70, 
supposition 3

Difference 
supposition 1 

and 3

1 25.91 30.09 28.00 -17.09 16.73 99.80 99.49 0.31 98.23 1.57

2 22.64 31.36 28.64 -16.00 16.66 99.98 99.82 0.16 97.90 2.08

3 23.09 31.45 24.18 -18.00 15.18 99.94 99.91 0.03 99.21 0.73

4 -22.27 -29.00 -27.00 14.55 -15.93 99.98 99.64 0.34 98.32 1.66

5 -25.45 -29.64 -27.09 13.73 -17.11 99.96 99.93 0.03 98.25 1.71

6 -21.82 -33.82 -27.36 14.09 -17.23 99.99 99.97 0.02 98.46 1.53

7 -21.82 -29.36 -27.18 13.82 -16.14 100.00 99.83 0.17 98.27 1.73

8 -24.55 -31.45 -25.00 17.73 -15.82 99.96 99.94 0.02 95.38 4.58

9 -27.27 -34.82 -30.09 13.00 -19.80 99.99 99.82 0.17 98.12 1.87

10 -22.00 -35.18 -26.36 12.36 -17.80 99.99 99.86 0.13 97.78 2.21

AVERAGE 0.11 2.00
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[0039] In view of the results of supposition 2, for both Test 1 and for Test 2, it can be concluded that there is a minimal
and inevitable influence of the errors in the manufacture, which in the conditions of performing the test is between 0.1%
and 0.3% of the overall field intercept value. As has previously been indicated, these values can be deteriorated in
practice. In simple support conditions, the precision of adherence of the pads, within reasonable values, is assimilated
by the adjustment grooves that the structure has at the support points, so no difference is observed between the results
of Test 1 and the results of Test 2.
[0040] It can be inferred from supposition 3 that when all the supports are fixed and all the degrees of freedom are
restricted in each of them, the loss of intercept factor increases substantially up to very economically relevant values in
electric production of the solar field. This increase is particularly dramatic when either the pads present high angular
deviations, or when the structure is deviated with respect to its theoretical position, after values greater than 10 mrad
(as in the case of Test 2).
[0041] It is concluded from the real-scale mechanical simulation tests that the elimination of the rotation restrictions
in the supports allows deviations in the structure or in the position of the fixing elements to be mechanically absorbed
by a support without these restrictions, always keeping the glass relaxed and thus assuring an optical performance
similar to that characteristic of its geometry. However, the disappearance of restrictions reduces rigidity during the
operation of the system, affecting the immobility against external stressing, for example against wind loads, or that due
to the actual weight of the reflector during the rotational movement of the tracking system.
[0042] It is therefore an objective of the invention for, on one hand, the system for the attachment of the reflector
element to the structure to provide static equilibrium which assures the spatial and temporal immobility (continuity and
permanence) during the lifetime of the assembly against the forces acting on the system, and at the same time assures
a temporal elastic equilibrium which is only present during the processes for the fixing and/or the attachment of the
reflectors.

Summary of the Invention

[0043] The inventors have found a solution to the previously described drawbacks, particularly to the loss of precision
of solar collectors, by means of a system for the attachment of reflector elements to supporting structures, which meets
the established requirements. The system for the attachment has a design which liberates the relevant degrees of
rotational freedom in each support or attachment point, only during the assembly of the reflector in the collector. During
this process, the stresses on the less rigid element, i.e., the reflector element, are minimized such that such element is
kept in its relaxed equilibrium position, its optical concentration properties being conserved.
[0044] Subsequently, once the reflector element is in its final relaxed position and not tensed as a consequence of
the installation, the rotation in the supports is blocked, transforming the fixing in each support into rigid attachments with
all the degrees of freedom restricted, such that the system can handle the external loads with the necessary strength
and stability.
[0045] The new system for the articulated attachment incorporates adaptable joint means which allow free rotation
in space during the assembly or installation step, drastically reducing the restrictions in the supports, such that the new
mechanical assembly formed by the reflector element supported, for example, in four points has, during the phase of
installing and adjusting the glass or reflector element, a degree of static indeterminacy of six, compared to the initial
eighteen.
[0046] In the context of the present application, the support or attachment points, or simply supports, are those points
where the reflector element is attached to its supporting structure. The mentioned problems are solved in the present
invention by means of a system for the articulated attachment of solar reflector elements to supporting structures according
to independent claim 1, a reflector for solar energy concentrators according to independent claim 12, a solar energy
reflecting installation according to independent claim 13 and a method for the attachment of a reflector element to its
supporting structure according to independent claim 14. Furthermore, other features of the invention and particularly
advantageous embodiments thereof are defined in the dependent claims.
[0047] In a first inventive aspect, the invention presents a system for the articulated attachment of solar reflector
elements to supporting structures comprising,

a main body of attachment, intended for being fixed on the face of the reflector element opposite the face of incidence
of solar radiation, comprising a hole intended for receiving a male fixing element,
at least one adaptable joint means which allow the free rotation in space of the attachment between the reflector
element and the supporting structure,

wherein the at least one adaptable joint means comprise a through hole intended for allowing the passage therethrough
of the male fixing element, the male fixing element having a first end for housing in the hole of the main body of attachment
and a second end for receiving a female fixing element intended for rigidly fixing the entire reflector element and supporting
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structure assembly.
[0048] In the context of the present invention, the main bodies of attachment can also be simply identified as pads.
[0049] This solution not only involves reducing the losses of the intercept factor of solar collectors with the subsequent
economic benefit, but furthermore, since it absorbs errors in the manufacture of the structure, of the reflector element,
of the main bodies of attachment and of the positioning of the mentioned elements with respect to one another, it allows
substantially reducing the manufacturing and quality control costs associated with the production thereof, since it makes
it possible to apply more favorable and easier to assure manufacturing tolerances.
[0050] In the context of the present invention, adaptable joint means is understood as joint means which allow during
the assembly the free rotation in space of the attachment between the assembly of the reflector element and the supporting
structure. Such adaptable joint means allow, once the positioning has concluded, the rigid attachment between both
reflector element and supporting structure, independently of the angle (within the mechanical limitations imposed by the
mounting hole of the structure and the mechanical design of the pad of the invention) which each of the attachment
elements comprised by the reflector has and of the angle of the plane on which these elements are supported in the
supporting structure.
[0051] Thus, in all the embodiments which will be described, the adaptable joint means temporarily enable during the
assembly the positioning of the reflector on each of its supports without any restriction whatsoever of the relevant degrees
of rotational freedom (all with the exception of that corresponding to the axis of the actual male fixing means) and without
the presence of deformations in the reflector derived from the restriction thereof, allowing, once the positioning has
concluded, the rigid fixing in each of the anchoring points to the structure in that position, with all its degrees of freedom
restricted but without the deformations derived from the restriction thereof.
[0052] In a first embodiment the adaptable joint means are inside the main body of attachment, in a second embodiment
the adaptable joint means are outside the main body of attachment and in a third embodiment, part of the adaptable
joint means is located inside the main body of attachment and part is located outside.
[0053] In a second inventive aspect, a reflector for solar energy concentrators is presented, comprising at least one
system for the articulated attachment to its supporting structure according to the first inventive aspect.
[0054] In a third inventive aspect, a solar energy reflecting installation is presented, comprising at least one reflector
according to the second inventive aspect.
[0055] In a fourth and final inventive aspect, a method for the attachment of a reflector element to its supporting
structure is presented, comprising the following steps:

- Providing at least one system for the attachment according to the first inventive aspect;
- Fixing the at least one system for the attachment on the face of the reflector element opposite the face of incidence

of solar radiation, in a position coinciding with the corresponding area of attachment of the supporting structure;
- Positioning the reflector element with the at least one system for the attachment on the supporting structure; and
- Fixing the assembly to obtain a rigid attachment.

[0056] Although the application of the invention is particularly advantageous for either monolithic or laminar reflective
glass substrates, it also has an application for any other substrate or reflector element with the same optical concentration
properties and the same sheet-type elastic behavior, whether it is metallic or polymeric.

Brief Description of the Drawings

[0057] The following drawings are attached to the specification in order to better understand the invention, its objects
and advantages, in which the following is depicted:

Figure 1 shows a perspective view of the system for the articulated attachment according to an embodiment of the
invention.
Figure 2 shows cross-section and exploded views of the embodiment of Figure 1.
Figure 3 shows cross-section and exploded views of the system for the articulated attachment according to an
embodiment of the invention.
Figure 4 shows a perspective view of the system for the articulated attachment according to an embodiment of the
invention.
Figure 5 shows cross-section and exploded views of the embodiment of Figure 4.
Figure 6 shows a profile view and a plan view of a half section of a collector of reflector elements with a particular
arrangement of the systems for the articulated attachment according to an embodiment of the invention.
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Embodiments of the Invention

[0058] As indicated, the invention presents a system for the articulated attachment (1, 1’, 1’’) of solar reflector elements
to supporting structures comprising

a main body of attachment (2, 2’, 2’’), intended for being fixed on the face of the reflector element (13) opposite the
face of incidence of solar radiation, comprising a hole (14, 14’, 14’’) intended for receiving a male fixing element (3,
3’, 3"),
at least one adaptable joint means which allow the free rotation in space of the attachment between the reflector
element (13) and the supporting structure,
wherein the at least one adaptable joint means comprise a through hole intended for allowing the passage there-
through of the male fixing element (3, 3’, 3"), the fixing element (3, 3’, 3") having a first end for housing in the hole
(14, 14’, 14") of the main body of attachment (2, 2’, 2") and a second end for receiving a female fixing element (5,
5’, 5") intended for rigidly fixing the entire reflector element (13) and supporting structure assembly.

[0059] In a first embodiment shown in Figures 1 and 2, the main body of attachment (2) of the system for the articulated
attachment (1) comprises two spherical housings (6, 7), connected through the hole (14) and with a common center of
rotation in space.
[0060] The system for the attachment (1) also comprises a spherical washer (4) with a through hole (15), and the male
fixing element (3), specifically a threaded rod, comprises a spherical head (9), with the particularity that the through hole
(14) of the main body of attachment (2) has a diameter substantially greater than the threaded rod (3) to allow the rotation
of said threaded rod (3) about any axis in space passing through the fixed point of rotation of the spherical housings (6)
and (7) of the main body of attachment (2).
[0061] With this arrangement, the spherical washer (4) rests on the spherical housing (7) of the main body of attachment
(2), and the spherical head (9) of the threaded rod (3) rests on the spherical housing (6) of the main body of attachment (2).
[0062] The diameter of the through hole (14) advantageously allows the rotation of the threaded rod (3) at an angle
having a maximum value of 3°, preferably 2°.
[0063] The system for the attachment of this embodiment advantageously comprises a washer (12) arranged between
the supporting structure (10) and the female fixing element (5). In a particular embodiment, said female fixing element
is a nut.
[0064] In a particular embodiment, the system for the articulated attachment (1) comprises a protective film (8) applied
on the area of the main body of attachment (2) intended for being fixed on the face of the reflector element (13) opposite
the face of incidence of solar radiation. Said film (8), for example a plastic film, prevents the adhesive for fixing the main
body of attachment (2) to the reflector element from entering the hole of said main body of attachment (2).
[0065] The system for the articulated attachment (1) is fixed to the face of the reflector element (13) opposite that of
the incidence of solar radiation by means of an adhesive, in a specific example, a silicone.
[0066] Therefore, the installation of the system for the attachment (1) according to this embodiment is as follows.
[0067] The threaded rod (3) with a spherical head (9) is inserted through the through hole (14) and through the face
of the main body of attachment (2) which will be in contact with the face of the reflector element (13), such that the
threaded rod (3) rests on the spherical housing (6), both forming a spherical joint. Once the threaded rod (3) is placed,
the protective film (8) is placed and is finally fixed to the surface of the reflector element (13) by means of a silicone or
adhesive coating (16).
[0068] The spherical washer (4) is inserted on the opposite side, which washer (4) will rest on the spherical housing
(7), both forming a new spherical joint.
[0069] As many main bodies of attachment (2) are fixed as there are support points in the reflector element in the
structure. Once all the main bodies of attachment (2) have been fixed to the reflector element (13), the latter is positioned
on the housings provided in the mounting holes (11) of the metal structure (10) by means of the threaded rod (3). The
nut (5) is then screwed on the threaded rod, such that during the screwing process, the two spherical joints that are
generated between the main body of attachment (2), the threaded rod (3) and the spherical washer (4) are arranged
according to that position in space which induces fewer stresses in the surface of the reflector element. The reflector
element is thus in its relaxed position without induced deformations and subsequently with a rigid fixing which allows
optimally performing its function in the solar field during the entire service life thereof.
[0070] In a second embodiment shown in Figure 3, the main body of attachment (2’) comprises a housing (19) in
which a female part (17) provided with a threaded hole (14’) is located.
[0071] In addition, the system for the attachment (1’) comprises a first assembly of double spherical washers (4’, 4")
and a second assembly of double spherical washers (6’, 6"), the first assembly of double spherical washers (4’, 4") being
arranged between the main body of attachment (2’) and the supporting structure (10), and the second assembly of
double spherical washers (6’, 6") being arranged in the opposite face of the supporting structure (10), i.e., in the face
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opposite the face in which the first assembly of double spherical washers (4’, 4") is arranged.
[0072] In the position of attachment, the fixing element (3’), specifically a threaded rod (3’), passes through the holes
of the first assembly of double spherical washers (4’, 4"), a mounting hole of the supporting structure (10), and the second
assembly of double spherical washers (6’, 6"), and is fixed to the female part (17) provided with a threaded hole (14’).
At its other end, the threaded rod (3’) receives the threaded female part (5’), or lock nut (5’), rigidly fixing the entire
reflector element (13) and supporting structure assembly.
[0073] The holes of the first assembly of double spherical washers (4’, 4"), of the supporting structure (10) and of the
second assembly of double spherical washers (6’, 6") have a diameter substantially greater than that of the threaded
rod (3) which allows the movement of said first and second assemblies of double spherical washers.
[0074] The system for the articulated attachment (1’) is fixed to the face of the reflector element (13) opposite that of
the incidence of solar radiation by means of an adhesive (16), in a specific example, a silicone.
[0075] Therefore, the installation of the system for the attachment (1’) according to this embodiment is as follows.
[0076] As many main bodies of attachment (2’) are fixed as there are support points in the reflector element (13) in
the structure. Once all the main bodies of attachment (2’) have been fixed to the reflector element (13), and before
positioning the reflector element on the structure, the first assembly of double spherical washers (4’, 4") is placed on
each of the corresponding supports.
[0077] The reflector element with the main bodies of attachment (2’) already placed in their position, is placed on the
metal structure such that the axis of the female part (17) provided with a threaded hole (14’) of the main body of attachment
(2’) coincides as best possible with the axis of the first assembly of double spherical washers (4’, 4").
[0078] Then, the threaded rod (3’) traverses the mounting hole (11) of the supporting structure (10) and the hole of
the first assembly of double spherical washers (4’, 4") and is inserted and screwed in the female part (17) of the main
body of attachment (2’). The second assembly of double spherical washers (6’, 6") is inserted at the other end of the
threaded rod (3’) and of the hole (11) of the supporting structure (10), and the lock nut (5’) is screwed on the mentioned
threaded rod (3’).
[0079] Thus during the screwing process, the two assemblies of double spherical washers (4’, 4") and (6’, 6") are
arranged according to that position in space which induces fewer stresses in the surface of the reflector element (13).
As in the previously described embodiment, the final result is initially a reflector free of stresses, which is finally firmly
anchored to the supporting structure.
[0080] In a third embodiment shown in Figures 4 and 5, the main body of attachment (2") of the system for the articulated
attachment (1") has a raised and curved central area (20) with a through hole (14") with a side aperture communicating
with a window (18) which, as will be seen below, facilitates putting the assembly together, particularly introducing the
male fixing element (3"’).
[0081] Advantageously, the main body of attachment (2") furthermore comprises a planar lower lamina (21) intended
for being fixed to the reflector element (13) with the intervention of the corresponding adhesive coating. In a particular
embodiment, the lower lamina (21) is initially independent and attached to the main body of attachment (2") by conven-
tional means such as clips, adhesives, weld beads, screws, etc...
[0082] The system for the attachment (1") also comprises a spherical washer (4"’) with a through hole (15’), and the
male fixing element, specifically a threaded rod (3"), comprises a spherical head (9"), with the particularity that the
through hole (15’) has a diameter that is large enough to allow the assembly of the threaded rod (3").
[0083] With this arrangement, in the operating position the spherical washer (4"’) rests on the surface of the curved
area (20) of the main body of attachment (2"), and the spherical head (9") of the threaded rod (3") is adjusted to the
inner face of the curved surface (20) of the main body of attachment (2") .
[0084] The diameter of the through hole (14") advantageously allows the rotation of the threaded rod (3") at an angle
having a maximum value of 3°, preferably 2°.
[0085] The system for the attachment (1") of this embodiment advantageously comprises a washer (12") arranged
between the supporting structure (10) and the female fixing element (5"). In a particular embodiment said female fixing
element is a nut (5’’).
[0086] The system for the articulated attachment (1"), specifically the lamina (21) of the main body of attachment (2"),
is fixed to the face of the reflector element (13) opposite that of the incidence of solar radiation by means of an adhesive
(16), in a specific example, a silicone.
[0087] Therefore, the installation of the system for the attachment (1") according to this embodiment is as follows.
[0088] As many main bodies of attachment (2") are fixed as there are support points in the reflector element (13) in
the structure. Once all the main bodies of attachment (2") have been fixed to the reflector element (13), the threaded
rod (3") with a spherical head (9") is inserted through the side continuation window (18) of the through hole (14") such
that the spherical head (9") is adjusted to the inner part of the surface (20), both forming a spherical joint.
[0089] Once the threaded rod (3") is placed, the spherical washer (4"’) is inserted through the opposite side and will
rest on the surface (20), both forming a new spherical joint, and then it is all positioned on the housings provided in the
mounting holes (11) of the metal structure (10) by means of the threaded rod (3").
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[0090] The nut (5") is then screwed on the threaded rod (3"), such that during the screwing process, the two spherical
joints that are generated between the main body of attachment (2"), the threaded rod (3") and the spherical washer (4")
are arranged according to that position in space which induces fewer stresses in the surface of the reflector element.
The reflector element is thus in its relaxed position without induced deformations and subsequently with a rigid fixing
which allows optimally performing its function in the solar field during the entire service life thereof.
[0091] The spherical joints described in any of the previous embodiments can be implemented by means of functionally
equivalent ones, such as, for example, sphere-cone contact or two wedge washers.
[0092] The following table shows the intercept results on a reflector element with main bodies of attachment (2)
according to the first particular embodiment. To verify the correct operation of the system, the placement of the main
bodies of attachment has a positional deviation greater than 10 mrad. The method for the positioning and measurement
of the reflector element is identical to the one described in Tests 1 and 2. Supposition 1 is the same as the one described
above, i.e., the part simply supported according to the measuring process during the manufacture of the reflector element.
Supposition 2 corresponds to the attachment fixed by means of the main body of attachment (2) being completely
tightened. Supposition 3 corresponds to the attachment resulting from eliminating the articulation in the main body of
attachment (2). This test is identified as Test 3.

Test 3:

[0093]

[0094] The advantages of using the system for the articulated attachment of the invention according to the first em-
bodiment compared to a traditional pad in which there is no articulation can be deduced from Test 3. This effect is
particularly dramatic when the pads of the state of the art present deviations greater than 10 mrad from their theoretical
position.
[0095] Test 4 reproduces the results of the second particular embodiment with the two assemblies of double spherical
washers outside the main body of attachment (2’). The method for the positioning and measurement of the reflector is
identical to the one described in Tests 1, 2 and 3. Supposition 1 is the same as in the previous section, i.e., the part
simply supported according to the measuring process during the manufacture of the reflector element. Supposition 2
corresponds to the attachment resulting from using the main body of attachment (2’) combined with the assemblies of
spherical washers in the tightening of the threaded rod (3). Supposition 3 corresponds to the rigid attachment being
completely tightened, without using spherical washers.

Test 4:

[0096]

Part No. %IF tube 70, 
supposition 1

%IF tube 70, 
supposition 2

Difference 
supposition 1 and 

2

%IF tube 70, 
supposition 3

Difference 
supposition 1 and 

3

1 99.80 99.87 -0.07 84.61 15.19
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Part No. Position pad 
1 (mrad)

Position pad 
2 (mrad)

Position pad 
3 (mrad)

Position pad 
4 (mrad)

Average %IF tube 70, 
supposition 1

%IF tube 70, 
supposition 2

Difference 
supposition 1 

and 2

%IF tube 70, 
supposition 3

Difference 
supposition 1 

and 3

1 25.91 30.09 28.00 -17.09 16.73 99.80 99.84 -0.04 98.23 1.57

2 22.64 31.36 28.64 -16.00 16.66 99.98 99.87 0.11 97.90 2.08

3 23.09 31.45 24.18 -18.00 15.18 99.94 99.95 -0.01 99.21 0.73

4 -22.27 -29.00 -27.00 14.55 -15.93 99.98 99.95 0.03 98.32 1.66

5 -25.45 -29.64 -27.09 13.73 -17.11 99.96 99.97 -0.01 98.25 1.71

6 -21.82 -33.82 -27.36 14.09 -17.23 99.99 100.00 -0.01 98.46 1.53

7 -21.82 -29.36 -27.18 13.82 -16.14 100.00 99.99 0.01 98.27 1.73

8 -24.55 -31.45 -25.00 17.73 -15.82 99.96 99.98 -0.02 95.38 4.58

9 -27.27 -34.82 -30.09 13.00 -19.80 99.99 100.00 -0.01 98.12 1.87

10 -22.00 -35.18 -26.36 12.36 -17.80 99.99 100.00 -0.01 97.78 2.21

AVERAGE 0.00 2.00



EP 2 390 598 A1

15

5

10

15

20

25

30

35

40

45

50

55

[0097] It can be inferred from Test 4 that the loss of intercept factor of the reflector element is irrelevant when it is
fixed with the system for the attachment (2’) to the structure.
[0098] In view of the particular embodiments and tests shown, and as indicated, the concept of the system for the
attachment developed in the present invention assures a freedom of rotational restrictions in the supports exclusively
during the assembly, while it meets the condition of spatial and temporal immobility (continuity and permanence) against
the forces acting on the system during the entire service life thereof.
[0099] The system for the articulated attachment of the invention,

O allows minimizing the loss of optical performance of a solar thermal concentration installation due to errors of
construction and assembly of the metal structure support and to errors in the manufacture and positioning of the
attachment elements between the reflector and the structure. The use of this invention ultimately results in a sub-
stantial increase of the economic earnings of a solar thermal energy production plant.
O allows working with more favorable constructive tolerances in both the supporting metal structure and in the
processes of placing the main body of attachment or pad during the manufacture of the reflector element. This leads
to a reduction of the manufacturing costs of all the components of the installation, in personnel hours, cycle times,
quality control, positioning tools, ...
O allows using low-cost elements for its manufacture, and
O allows an easy to assemble and disassemble attachment in the event that this is required.

Claims

1. A system for the articulated attachment (1, 1’, 1’’) of solar reflector elements to supporting structures comprising

a main body of attachment (2, 2’, 2") intended for being fixed on the face of the reflector element (13) opposite
the face of incidence of solar radiation, comprising a hole (14, 14’, 14") intended for receiving a male fixing
element (3, 3’,3"),
at least one adaptable joint means which allow the free rotation in space of the attachment between the reflector
element (13) and the supporting structure,
wherein the at least one adaptable joint means comprise a through hole intended for allowing the passage
therethrough of the male fixing element (3, 3’, 3"), the male fixing element (3, 3’, 3") having a first end for housing
in the hole (14) of the main body of attachment (2, 2’) and a second end for receiving a female fixing element
(5, 5’) intended for rigidly fixing the entire reflector element (13) and supporting structure assembly.

2. System for the articulated attachment (1) according to claim 1, characterized in that

the main body of attachment (2) comprises two spherical housings (6, 7) connected through the hole (14) and
with a common center of rotation in space,
System (1) comprises a spherical washer (4) with a through hole (15), and
the male fixing element (3) comprises a spherical head (9) wherein
the spherical washer (4) rests on the spherical housing (7) of the main body of attachment (2),
the spherical head (9) of the male fixing element (3) rests on the spherical housing (6) of the main body of
attachment (2), and
the through hole (14) has a diameter substantially greater than that of the male fixing element (3) which allows
the rotation of said fixing element (3) about any axis in space passing through the fixed point of rotation of the
spherical housings (6) and (7) of the main body of attachment (2).

3. System for the articulated attachment (1) according to claim 2, characterized in that the diameter of the through
hole (14) allows the rotation of the male fixing element (3) at an angle having a maximum value of 3°, preferably 2°.

4. System for the articulated attachment (1) according to any of claims 2 to 3, characterized in that it comprises a
washer (12) arranged between the supporting structure (10) and the female fixing element (5).

5. System for the articulated attachment (1) according to any of claims 2 to 4, characterized in that it comprises a
protective film (8) applied on the area of the main body of attachment (2) intended for being fixed on the face of the
reflector element (13) opposite the face of incidence of solar radiation.

6. System for the articulated attachment (1’) according to claim 1, characterized in that
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the main body of attachment (2’) comprises a housing (19) in which a female part (17) provided with a threaded
hole (14’) is located,
the system (1’) comprises a first assembly of double spherical washers (4’, 4") and a second assembly of double
spherical washers (6’, 6")

wherein

the first assembly of double spherical washers (4’, 4") is arranged between the main body of attachment (2’)
and the supporting structure (10),
the second assembly of double spherical washers (6’, 6") is arranged in the opposite face of the supporting
structure (10), and
in the position of attachment, the male fixing element (3) passes through the holes of the first assembly of double
spherical washers (4’, 4"), a mounting hole of the supporting structure (10), and the second assembly of double
spherical washers (6’, 6"), and is fixed to the female fixing element (5’), and
the holes of the first assembly of double spherical washers (4’, 4"), of the supporting structure (10), and of the
second assembly of double spherical washers (6’, 6") have a diameter substantially greater than that of the
male fixing element (3) which allows the movement of said first and second assemblies of double spherical
washers.

7. System for the articulated attachment (1’) according to claim 6, characterized in that the diameter of the holes of
the first and second assemblies of double spherical washers allows the rotation of said assemblies.

8. System for the articulated attachment (1") according to claim 1, characterized in that

the main body of attachment (2") comprises a raised and curved central area (20) with a through hole (14") with
a side aperture communicating with a window (18),
the system (1" ) comprises a spherical washer (4"’) with a through hole (15’), and
the male fixing element (3") comprises a spherical head (9’’)

wherein

the spherical washer (4"’) rests on the surface of the raised and curved central area (20) of the main body of
attachment (2"),
the spherical head (9) of the male fixing element (3) is adjusted, in operating situation, to the inner surface of
the raised and curved central area (20) of the main body of attachment (2"), and
the through hole (14") has a diameter substantially greater than that of the male fixing element (3") which allows
the rotation of said fixing element (3") about any axis in space passing through the fixed point of rotation of the
main body of attachment (2").

9. System for the articulated attachment (1") according to claim 8, characterized in that the main body of attachment
(2") comprises a planar lower lamina (21) intended for being fixed to the reflector element (13).

10. System for the articulated attachment (1" ) according to claim 8, characterized in that the diameter of the through
hole (14) allows the rotation of the male fixing element (3) at an angle having a maximum value of 3°, preferably 2°.

11. System for the articulated attachment (1") according to any of claims 8 to 10, characterized in that it comprises a
washer (12") arranged between the supporting structure (10) and the female fixing element (5").

12. A reflector for solar energy concentrators comprising at least one system for the articulated attachment (1, 1’, 1")
to its supporting structure according to any of previous claims.

13. A solar energy reflecting installation comprising at least one reflector according to claim 12.

14. A method for the attachment of a reflector element (13) to its supporting structure comprising the following steps:

- providing at least one system for the attachment (1, 1’, 1") according to any of claims 1 to 11;
- fixing the at least one system for the attachment (1, 1’, 1") on the face of the reflector element (13) opposite
the face of incidence of solar radiation, in a position coinciding with the corresponding area of attachment of
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the supporting structure;
- positioning the reflector element with the at least one system for the attachment (1, 1’, 1") on the supporting
structure; and
- fixing the assembly to obtain a rigid attachment.
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