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\O (57) Abstract: In order to produce heliostats, which arc uscd in solar-thermal power stations, the method according to the invention
< provides for a mirror plate (1) to be placed on a mount structure (2) using a required-shape mould (5) and with the interposition of

adhesion means (6. The required-shape mould (5) and the position and orientation with respect o ¢ defined reference point are in
= this case transferred to the mirror plate (1) and are modelled into the adhesive means (6). Once the adhesive means (6) have cured,
R the required-shape mould (5) is removed, after which its shape is embossed in the mirror plate (1).

& (57) Zusammenfassung: Zur Herstellung von in solarthermischen Kraftwerken verwendete Heliostaten sicht das crfindungsge-
) mige Verfahren vor, cine Spicgelscheibe (1) unter Verwendung ciner Sollform {5) und unter Zwischenlage von Klebemitrel (6) anf
cine Trigerkonstruktion (2) aufzusctzen. Dic Sollform (5) und Lage zu cinem definicrten Bezugspunke wird dabei auf dic Spic-
gelscheibe (1) tibertragen und in das Klebemittel (6) cinmodelliert. Nach dem Hrhérten des Klebemittels (6) wird die Sollform (5)
a cntfernt, wonach deren Form der Spiegelscheibe (1) eingeprégt ist.
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METHOD FOR TEE PRODUCTION OF AN OPTICAL MIRROR

The invention relates to a method for the production of an
optical mirror, particularly for a solar collector, whereby a
mirror pane that has a reflection side and an adhesive side
is applied to a carrier construction and the mirror pane is

drawn using its reflection side onto a reference mold.

Such a method is fundamentally known, although for producing
a parabolic mirror, from DE 196 19 021 Al. The parabolic
mirror differs from the mirror shapes typical for solar
collectors in that spot focusing of the reflected radiation
using the parabolic mirror is desired, while in a solar
collector, the reflected radiation is rather focused on an
elongate receiver at a distance using the mirror
construction, i.e., linear focusing of the reflected

radiation is desired.

In the previously known method, firstly the reflection side
of the still planar mirror pane is laid on the curved
paraboloid surface, i.e., a concave reference mold. The
mirror surface can be oriented easily relative to the
reference mold in the present special case of the production
of a parabolic mirror here in that the center point of the
mirror surface is laid on the center point of the paraboloid
surface. Subsequently, the carrier construction, comprising
an annular frame attached to the outer circumference of the
mirror surface here, with at least one fixing ring to be
glued to the mirror surface interposed, which has a
significantly reduced diameter relative to the annular frame,
is pressed with a suitable adhesive interposed onto the

mirror surface. The elastic mirror surface is pressed onto

2110082_1 (GHMatters)
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the curved paraboloid surface. As soon as the adhesive has
cured, the mirror is bonded to the carrier construction and
is concavely curved according to the targeted pre-definition

of the convex paraboloid mirror.

The number of the fixing rings can be increased as a function

of the diameter of the parabolic mirror to be manufactured.

A further method for producing concavely curved mirrors is
known from DE 29 45 908 Al, which is also suitable for
producing mirrors which are also usable in linear
configurations. Planar soft mirror plates are also first
curved over a corresponding mold here and glued and cured in
this form with at least one further soft deformable plate.
The mirror plate is then to have the required stiffness in
connection together with the further plate, the convex shape
of the reference mold having been applied to the mirror
surface during the curing of the adhesive. The result of this

method is a mirror having concave curvature.

This unit of mirror and carrier construction is referred to

as a heliostat below.

Such concentrating solar collectors have already been known
for a long time. Usually, they are produced in that a mirror
film/foil is glued onto a carrier construction. Such a method
is also described in DE 38 32 961 Al. In this connection, the
invention was based on the task of finding a method by means
of which it is made possible to glue together certain

film/foil types that could not be glued together before.

2110082_1 (GHMatters)
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This task is accomplished, according to the invention, in
that the films/foils are first partially melted by means of
heat effect, then provided with an adhesive, and finally
brought into contact by pressing the film/foil surfaces
together. The film/foil applied to a substrate in this

manner, in a cut shape,

2110082_1 (GHMatters)
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is subsequently mounted on a carrier construction that is adapted

to the requirements by way of a precision adjustment.

Solar thermal power plants usually work with a mirror assembly
and a heat absorber, the so-called receiver. Here, one
differentiates between systems that track on one axis or two
axes. The heliostats of the heliostat field are guided with
motors, in such a manner that incident sunlight is reflected and
guided onto the receiver, which is situated elevated above the
mirrors. In the case of a single-axis system, the receiver has
one or more absorber tubes; in the case of a double-axis system,
it has a pipe bundle or a volumetric absorber. The latter absorbs
the solar radiation concentrated by means of the heliostats, and
passes this energy on, converted into heat, using a medium that
flows through. Over the course of the day, the heliostats are
tracked to follow the sun, so that sunlight is always falling

onto the receiver.

Among other things, such heliostats are produced in such a manner
that their carrier construction corresponds to the reference
shape of the mirror as precisely as possible, and the mirror
itself is attached to this construction in such a manner that its
reference shape occurs. The mirror pane itself is brought into

the required shape, in the case of slight curvature, by means of
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elastic forcing, and in the case of larger curvatures, also

by means of thermal deformation.

Correct guidance of the sunlight requires very great
precision in the production of the heliostats used. The
mirrors have a certain curvature, as a function of the
distance from the receiver. In order to achieve the greatest
possible yield, it is necessary for the curvature parameters
of the mirror surface to be adhered to as precisely as
possible. It is problematical, in this connection, that the
production of such a precise mirror was only possible, up to
the present, with very great effort, since the carrier
construction already had to satisfy these precision

requirements.

Therefore, the solution is known to produce a mirror having
moderate precision, and to adjust this mirror precisely, by
way of precision adjustment. This method sets great demands
both on the material of the carrier construction, and on the

technicians performing the precision adjustment.

It is necessary to define individual adjustable points on the
carrier construction that can be fine-tuned by way of
adjustment screws. The use of expert persomnel is required
for optimal adjustment of the collectors, and this causes

high costs.

CA 2 237 882 Al teaches the adjustment of the deformation of
a mirror pane by a plurality of adjustment screws, which are
situated perpendicular to the extension plane of the mirror
surface in a carrier framework of the mirror and thus allow
the fine adjustment of the mirror curvature on location,
until the desired focusing of the reflected radiation is

achieved.

2110082_1 (GHMatters)
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Particularly in times of rising energy costs, solar thermal
power plants are developing into a worthwhile alternative for

fossil fuels.

Therefore some embodiments of the invention are based on the
task of making available a method for the production of an
optical mirror, which method can do without precision
adjustment of the mirrors after their production, without
losses in accuracy, and allows mass production of such

mirrors.

This task is accomplished using the method according to the
characteristics of the main claim. Practical embodiments of

this method can be derived from the dependent claims.

According to one aspect of the invention there is provided a
method for the production of an optical mirror, particularly
for a solar collector, a mirror pane that has a reflection
side and an adhesive side being applied to a rigid carrier
construction, characterized in that the mirror pane is drawn
onto a reference mold with its reflection side, and the
mirror pane together with the reference mold is set onto the
carrier construction, with its adhesive side, with the
interposition of an adhesive, whereby the reference mold is
being separated from the mirror pane when the adhesive has at
least approximately hardened so that after the removal of the
reference mold, the mirror pane still has the shape of the

reference mold.

2110082_1 (GHMatters)
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According to another aspect of the invention, a mirror pane
that was applied to a reference mold is used for the
production of an optical mirror, particularly a heliostat for
a concentrating solar collector. In this connection, the
reflective side makes contact with the reference mold. The
reference mold represents an impression of the ideal
curvature for the mirror, in each instance, so that the
mirror pane is also brought into its final shape,
particularly into its final curvature, by means of its direct

contact with the reference mold.

2110082_1 (GHMatters)
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So that the mirrors of which the solar thermal power plant
consists can track the sun, they are installed on carrier
constructions that can be pivoted in such a manner that the
greatest possible energy is always passed on to the receiver. The
mirror pane 1is applied to the carrier construction with the
interposition of adhesive. In this connection, the pane remains
on the reference mold, so that it retains its ideal shape. The
plastic adhesive connects the pane with the carrier construction,
so that after the adhesive hardens, the pane is held in its

actual position.

It has proven to be advantageous if the carrier construction is
first provided with adhesive, and subseguently the mirror pane is
pressed into the adhesive. The adhesive escapes, while the mirror
pane is accommodated on the reference mold in close contact, and
retains this shape due to the support from the reference mold.
The mirror pane remains in this position with the reference mold
at least until the adhesive has at least approximately hardened.
After the reference mold is removed, the mirror pane still has
the shape of the reference mold, which corresponds to the ideal

curvature for the mirror, to the greatest possible extent.

11-
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An application of the adhesive, for example onto the carrier
construction, does not have to take place over the full area. It
is thus sufficient to apply the adhesive at individual support
points and thus to hold the pane only at predetermined points. In
this way, adhesive is saved, on the one hand, and the adhesive
that escapes from the pressure of the mirror pane that is set on

can then flow into the interstices between the support points.

Since a precision adjustment is not necessary, it is possible to
use a rigid carrier construction for the assembly of the mirror
pane. This carrier construction does not have to meet the high
precision demands of the reference mold, by means of the method,
since the tolerances are balanced out by the adhesive. Subsequent
precision adjustment is also eliminated, according to the
invention, and this represents an additional simplification of
the construction and, at the same time, leads to cost savings in

the production of the carrier constructions.

The strength of the mirror pane is additionally promoted in that
the pane consists of a stiff but bendable material. If too soft a
pane were used, it would not be possible to permanently avoid
subsequent deformation, for example at locations of less support

by means of support points.

-12-
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An embodiment, incorporating all aspects of the invention,
will now be described by way of example only with reference

to the accompanying drawings in which:

Figure 1 shows a carrier comstruction and a mirror pane
drawn onto a reference mold, before assembly, in a

sectional image representation,

Figure 2 shows a carrier construction with a mirror pane set
on, whereby the reference mold has not been removed

yet, in a sectional image representation, and

Figure 3 shows a finished heliostat that is produced
according to the method according to the invention,

also in a sectional image representation.

Figure 1 shows a carrier construction 2 for the production of
a heliostat. Adhesive 6 is applied to the carrier
construction 2 at individual support points 7. In advance of
production, a mirror pane 1, which has a reflection side 3
and an adhesive side 4, was drawn onto a reference mold 5 in
such a manner that the mirror pane 1 forms precisely the
shape of the reference mold 5 on its reflection side 3. In

the representation, the mirror pane 1 is

2110082_1 (GHMatters)
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shown at a slight distance from the reference mold 5, in order to
guarantee clear labeling. In fact, however, the mirror pane 1 is

drawn onto the reference mold 5 with tight contact.

Figure 2 shows a second step of the production method, in which
the mirror pane 1 together with the reference mold 5 is pressed
into the adhesive 6. In this connection, the adhesive 6 escapes
to the side, so that the shape of the mirror pane 1 is also
transferred to the adhesive 6, in the final analysis. The
reference mold 5 is left on the mirror pane 1 until the adhesive
6 has hardened and supports the shape of the mirror pane 1, on
the one hand, and also holds it with its adhesive force, on the
other hand. After hardening of the adhesive 6, the reference mold
5 can be removed, whereby the mirror pane 1 retains the curvature

predetermined by the reference mold 5.

Figure 3 shows the finished heliostat that guides the sunlight,
drawr with a dot-dash line in the figure, onto the receiver. In
this connection, this is only a fundamental representation, in
which it must be taken into consideration that several such
heliostats are assigned to a receiver 8. The carrier construction
2 can be pivoted, in a manner that is not of further interest
here, so that the assembly can track the sunlight in such a

manner that the maximal light yield is always passed to the

-14-
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receiver 8. The curvature of the mirror pane 1 is predetermined
by its reference mold, as a function of the distance between

heliostat and receiver 8.

Above, a method for the production of an optical mirror,
particularly for a solar collector, is therefore described, which
allows precise but nevertheless fast and simple production of
such heliostats. This is achieved by means of the use of a
reference mold onto which the mirror pane to be applied to the
carrier construction is drawn. This pane, together with the
reference mold, is applied to the carrier construction with the
interposition of adhesive, and the mirror mold is only removed

after the adhesive hardens, thereby preserving it.

-15-
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REFERENCE SYMBOL LIST

1 mirror pane

2 carrier construction
3 reflection side

4 adhesive side

5 reference mold

6 adhesive

7 support points

-16-
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Claims:

1.

A method for the production of an optical mirror,
particularly for a solar collector, a mirror pane that
has a reflection side and an adhesive side being applied
to a rigid carrier construction, characterized in that
the mirror pane is drawn onto a reference mold with its
reflection side, and the mirror pane together with the
reference mold is set onto the carrier construction,
with its adhesive side, with the interposition of an
adhesive, the reference mold being separated from the
mirror pane when the adhesive has at least approximately
hardened, so that after the removal of the reference
mold, the mirror pane still has the shape of the
reference mold.

The method according to Claim 1, characterized in that
the mirror pane is accommodated on the reference mold at
least approximately with shape fit, the adhesive is
applied to the carrier construction, and the mirror pane
is pressed into the adhesive with the adhesive side,
over its full area, in such a manner that the reflection
side of the mirror pane represents the surface of the
reference mold with at least approximate precision.

The method according to Claim 2, characterized in that
the adhesive is applied to the carrier construction
only at individual support points.

The method according to any one of the preceding claims,
characterized in that the mirror pane consists of a
stiff but bendable material.

A method substantially as herein described with

reference to the accompanying figures.

2110082_1 (GHMatters)
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