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1
STIFFENING MEMBERS FOR REFLECTORS
USED IN CONCENTRATING SOLAR POWER
APPARATUS, AND METHOD OF MAKING
SAME

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a continuation-in-part (CIP) Ser. No.
11/639,436, filed Dec. 15, 2006 now U.S. Pat. No. 7,871,664,
which is a CIP of each of U.S. Ser. No. 11/416,388, filed May
3, 2006 now abandoned, Ser. No. 11/387,045, filed Mar. 23,
2006 now abandoned, and Ser. No. 11/452,418, filed Jun. 14,
2006 now abandoned, the disclosures of which are hereby
incorporated herein by reference.

FIELD OF THE INVENTION

Certain example embodiments of this invention are related
to a reflector (e.g., mirror) for use in a solar collector or the
like. More particularly, certain example embodiments of this
invention are related to one or more stiffening member(s)
connected to a reflector (e.g., mirror) for use in a solar col-
lector or the like.

BACKGROUND AND SUMMARY OF EXAMPLE
EMBODIMENTS OF THE INVENTION

Solar collectors are known in the art. Example solar col-
lectors are disclosed in U.S. Pat. Nos. 5,347,402, 4,056,313,
4,117,682, 4,608,964, 4,059,094, 4,161,942, 5,275,149,
5,195,503 and 4,237,864, the disclosures of which are hereby
incorporated herein by reference. Solar collectors include at
least one mirror (e.g., parabolic or other type of mirror) that
reflects incident light (e.g., sunlight) to a focal location such
as a focal point. In certain example instances, a solar collector
includes one or more mirrors that reflect incident sunlight and
focus the light at a common location. For instance, a liquid to
be heated may be positioned at the focal point of the mirror(s)
so that the reflected sunlight heats the liquid (e.g., water, oil,
or any other suitable liquid) and energy can be collected from
the heat or steam generated by the liquid.

FIG. 1 is a schematic diagram of a conventional solar
collector, or a part thereof, where a parabolic mirror 1 reflects
incident light (or radiation) from the sun 3 and focuses the
reflected light on a black body 5 that absorbs the energy of the
sun’s rays and is adapted to transfer that energy to other
apparatus (not shown). By way of example only, the black
body 5 may be a conduit through which a liquid or air flows
where the liquid or air absorbs the heat for transfer to another
apparatus. As another example, the black body 5 may be
liquid itself to be heated, or may include one or more solar
cells in certain example instances.

FIG. 2 is a cross sectional view of a typical mirror used in
conventional solar collector systems. The mirror of FIG. 2
includes areflective coating 7 supported by a single bent glass
substrate 9, where the glass substrate 9 is on the light incident
side of the reflective coating 7 (i.e., the incident light from the
sun must pass through the glass before reaching the reflective
coating). This type of mirror is a second or back surface
mirror. Incoming light passes through the single glass sub-
strate 9 before being reflected by the coating 7; the glass
substrate 9 is typically from about 4-5 mm thick. Thus,
reflected light passes through the glass substrate twice in back
surface mirrors; once before being reflected and again after
being reflected on its way to a viewer. Second or back surface
mirrors, as shown in FIG. 2, are used so that the glass 9 can
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2

protect the reflective coating 7 from the elements in the exter-
nal or ambient atmosphere in which the mirror is located (e.g.,
from rain, scratching, acid rain, wind-blown particles, and so
forth).

Conventional reflectors such as that shown in FIG. 2 are
typically made as follows. The single glass substrate 9 is from
about 4-5 mm thick, and is heat-bent using temperatures of at
least about 580 degrees C. The glass substrate 9 is typically
heat/hot bent on a parabolic mold using such high tempera-
tures, and the extremely high temperatures cause the glass to
sag into shape on the parabolic mold. After the hot bent glass
is permitted to cool to about room temperature, a reflective
coating (e.g., silver based reflective coating) is formed on the
bent glass substrate. Ceramic pads may then be glued to the
panel which may be bolted to a holding structure of the solar
collector.

Unfortunately, the aforesaid process of manufacturing
reflectors is problematic for at least the following reasons.
First, reflectance of the product shown in FIGS. 1-2 is less
than desirable, and could be subject to improvement (i.e., it
would be desirable to increase the reflectance). Second, dur-
ing the manufacturing process, it is necessary to mirror-coat a
4-5 mm thick pre-bent glass sheet (a 4-5 mm thick pre-bent
glass sheet will not sag flat during the mirror-coating pro-
cess), and applying such coatings to bent glass is difficult at
best and often leads to reduced reflective/mirror quality.

Thus, it will be appreciated that there exists a need in the art
for a more efficient technique for making bent reflective
coated articles, and/or for a more efficient mirror for use in
solar collectors or the like. An example of such an article is a
mirror which may be used in solar collector applications or
the like.

In certain example embodiments of this invention, a para-
bolic trough or dish reflector/mirror laminate for use in a
concentrating solar power apparatus is made by: (a) forming
a reflective coating on a thin substantially flat glass substrate
(the thin glass substrate may or may not be pre-bent prior to
the coating being applied thereto; if the thin glass substrate is
pre-bent prior to application of the coating thereon then its
thin nature and large size/weight will permit the glass to sag
s0 as to be flat or substantially flat in the coating apparatus
when the coating is applied thereto, such that the coating is
still applied to a flat or substantially flat glass substrate even
though it may have been pre-bent), (b) optionally, if the thin
glass substrate in (a) was not pre-bent, cold-bending the thin
glass substrate with the reflective coating thereon; and (c)
applying a plate or frame member to the thin bent glass
substrate with the coating thereon from (a) and/or (b), the
plate or frame member (which may be another thicker pre-
bent glass sheet, for example) for maintaining the thin glass
substrate having the coating thereon in a bent orientation in a
final product. It is noted that (b) and (c) may be performed at
the same time, or in entirely different steps, in different
example embodiments of this invention. For example, the thin
glass substrate with the coating thereon may be cold-bent
when it is pressed against the plate or frame member during
the laminating process, so that (b) and (¢) would be performed
right after one another or at essentially the same time. Alter-
natively, the thin glass substrate with the reflective coating
thereon may be cold-bent and after the cold bending could be
brought to and coupled with the plate or frame member. The
reflective coating may be a single layer coating, or a multi-
layer coating, in different example embodiments of this
invention.

In certain example embodiments, the mirror/reflector lami-
nate is a parabolic dish or trough type reflector and reflects
incident sunlight (e.g., visible and/or IR radiation) and
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focuses the same at a common location. For instance, a liquid
to be heated may be positioned at the focal point of the
parabolic mirror(s) so that the reflected sunlight heats the
liquid (e.g., water, oil, or any other suitable liquid) and energy
can be collected from the heat or steam generated by the
liquid.

In certain example embodiments of this invention, when
the thin glass substrate is not pre-bent prior to forming the
reflective coating thereon, the thin glass substrate with the
reflective coating thereon may in (b) be cold-bent at a tem-
perature of no more than about 200 degrees C., more prefer-
ably no more than about 150 degrees C., more preferably no
more than about 100 degrees C., even more preferably no
more than about 75 degrees C., still more preferably no more
than about 50 degrees C., still more preferably no more than
about 40 or 30 degrees C. The cold-bent thin glass substrate
with the reflective coating thereon may then be laminated to
the plate or frame member (which may be another thicker
pre-bent glass sheet, for example) for maintaining the coated
glass substrate in a bent orientation in a final product.

In certain example embodiments, the plate or frame mem-
ber may be flat and may be applied to the thin glass substrate
prior to bending thereof. Then, the plate member (e.g., of
glass, thermoplastic, or the like) and the thin glass substrate
can be bent together with the plate or frame member option-
ally being pre-heated to permit more efficient bending
thereof. In certain example embodiments of this invention,
the plate or frame member may be another glass substrate/
sheet that is thicker than the thin glass substrate having the
reflective coating thereon, and may optionally have been pre-
bent (e.g., via hot bending) prior to being laminated to the thin
glass substrate and/or reflective coating. The pre-bent (via
hot-bending) thick glass substrate/sheet may be laminated/
adhered to the thin glass substrate with the reflective coating
thereon via an adhesive/laminating layer which is typically
polymer based (e.g., PVB, or any other suitable polymer
inclusive adhesive).

In certain example embodiments, the reflective coating
may be designed so as to better adhere to a polymer based
adhesive/laminating layer that is used to couple the plate
member (e.g., glass sheet) to the thin glass substrate. For
example, in certain example embodiments, the reflective
coating is a mirror coating and includes a passivating film
comprising copper, tin oxide, and/or silane(s), optionally
with paint thereon, for good adhering to the polymer based
adhesive/laminating layer which may be made of polyvinyl
butyral (PVB) or the like.

In certain example embodiments of this invention, there is
provided a method of making a mirror for use in a concen-
trating solar power apparatus, the method comprising: bend-
ing a thick glass substrate having a thickness of at least 2.0
mm into a desired bent shape so as to form a pre-bent thick
glass substrate; forming a mirror coating on a thin glass
substrate having a thickness of from about 1.0 to 2.0 mm, the
mirror coating being formed on the thin glass substrate when
the thin glass substrate is in a substantially flat shape; and
after the mirror coating has been formed on the thin glass
substrate, laminating the thin glass substrate to the pre-bent
thick glass substrate using at least one polymer inclusive
adhesive layer to form a laminate mirror comprising a sub-
stantially parabolic shape, wherein the laminate mirror is
used in a concentrating solar power apparatus and has a solar
reflectance of at least 90%.

In certain other example embodiments of this invention,
there is provided a method of making a mirror for use in a
concentrating solar power apparatus, the method comprising:
bending a thick glass substrate into a desired bent shape so as
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to form a pre-bent thick glass substrate; forming a mirror
coating on a thin glass substrate, the mirror coating being
formed on the thin glass substrate when the thin glass sub-
strate is in a substantially flat shape; wherein the thin glass
substrate has a thickness smaller than that of the thick glass
substrate; and after the mirror coating has been formed on the
thin glass substrate, laminating the thin glass substrate to the
pre-bent thick glass substrate using at least one polymer
inclusive adhesive layer to form a laminate mirror to be used
in a concentrating solar power apparatus.

In other example embodiments of this invention, there is
provided a concentrating solar power apparatus including at
least one mirror, the concentrating solar power apparatus
comprising: a bent laminate mirror comprising a thick glass
substrate having a thickness of at least 2.0 mm, a thin glass
substrate having a thickness of from about 1.0 to 2.25 or 1.0
to 2.0 mm, and a mirror coating formed on the thin glass
substrate, the thin glass substrate being laminated to the thick
glass substrate with at least one adhesive layer so that the
adhesive layer and the mirror coating are both located
between the thin and thick glass substrates; and wherein the
bent laminate mirror is substantially parabolic in shape and
has a solar reflectance of at least 90%.

In certain cases, flat, parabolic, spherical, or otherwise
shaped and/or arranged laminated or monolithic mirror pan-
els for use in solar concentrating systems would benefit from
additional stiffness. For example, an increase in stiffness
would help to meet high wind, dimensional stability, and/or
other requirements. This is true not only for hurricane-prone
areas, but also areas that experience moderate winds that
could be strong enough to cause a mirror to avoid holding a
tight focus. In general, laminated or monolithic mirror panels
for use in solar concentrating systems will deflect at least
some wind but also will vibrate because of such winds.
Indeed, vibration and deflection during operation results in
some de-focusing of the system, with the system being
extremely sensitive to small changes or error in panel shape,
e.g., whether that shape is parabolic or otherwise. At a first
level of interference caused by wind, the laminated or mono-
lithic mirror panels will not perform at peak efficiency and/or
will lose energy, since the mirrors will not be able to accu-
rately focus light in the appropriate area. For example, a
mirror having a diameter of about 8 meters may not be able to
adequately focus the light on a hole or aperture of only a few
inches in diameter. At second level of interference, a mirror
will fail completely and may even become damaged in the
process.

Simply adding glass thickness will help to increase rigidity.
However, adding glass thickness quickly results in large
increases in panel mass which, in turn, drives a need for
stronger, more expensive support structures. Furthermore,
another impeding factor for thicker monolithic glass is the
increased transmission path of light to the mirror surface and
the resulting drop in reflectivity of the mirror and hence
efficiency of the energy collection. Fractions of percentage
points of reflectivity are competitive drivers in these panels;
thus, adversely affecting reflectance can have a disadvanta-
geous impact on the assembled products. Therefore, simply
adding glass thickness may not always be a viable, cost-
effective option.

Another option involves bonding a whole separate struc-
ture to substantially all of the monolithic or glass mirror.
However, this technique also becomes expensive. In addition,
it is difficult to bond materials to glass on a substantially
permanent basis. Indeed, such structures likely would not
meet durability requirements, which typically require surviv-
ability throughout a 10-30 year period in a desert climate.
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Additionally, the different materials likely will have different
coefficients of thermal expansion (CTE). Because the two
different materials (e.g., the glass and the material bonded to
it for support) will expand and/or contract at different tem-
peratures relative to one another, delamination and/or break-
down of the components will occur. Furthermore, UV pen-
etration oftentimes will hasten such delamination and/or
breaking down of the components.

Thus, in addition or in the alternative to the above, it will be
appreciated that there is a need in the art for increasing the
thickness of mirror panels in solar concentrating systems or
the like.

Accordingly, certain example embodiments provide one or
more stiffening rib(s) that are preformed to the part shape and
are bonded to the back of the glass to increase overall panel
stiffness. This arrangement advantageously adds stiffness
without unduly increasing weight in certain example embodi-
ments.

In certain example embodiments of this invention, a stift-
ening rib for a reflector in a solar collector system is provided.
At least one area suitable for accommodating a polymer-
based adhesive for bonding the rib to a side of the reflector
facing away from the sun is provided. The stiffening rib is
formed so as to substantially match a contour of the reflector.
At least two of the rib, the reflector, and the adhesive have
respective coefficients of thermal expansion within about
50% of one another. The stiffening rib is sized and position-
able on the reflector so as to increase an EI value of the
reflector at least about 10 times or to at least about 9,180
pascal meters®.

In certain example embodiments of this invention, there is
provided a solar collector system including a plurality of
reflectors, with each said reflector having a stiffening rib
associated therewith and attached thereto on a side facing
away from the sun. At least one area on each said stiffening rib
is suitable for accommodating a polymer-based adhesive for
bonding the rib to a side of the associated reflector facing
away from the sun. Each said stiffening rib is formed so as to
substantially match a contour of the associated reflector. At
least two of each said rib, the associated reflector, and the
adhesive have respective coefficients of thermal expansion
within about 50% of one another. Each said stiffening rib is
sized and positioned on the associated reflector so as to
increase an EI value thereof at least about 10 times or to at
least about 9,180 pascal meters™*.

In certain example embodiments of this invention, a
method of making a solar collector system including a plu-
rality of reflectors is provided. Each said reflector has a stiff-
ening rib associated therewith. Each said stiffening rib is
bonded to the associated reflector via a polymer-based adhe-
sive, with each said stiffening rib being bonded to the asso-
ciated reflector on a side facing away from the sun. Each said
stiffening rib is contoured to substantially match a shape of
the associated reflector. At least two of each said rib, the
associated reflector, and the adhesive have respective coeffi-
cients of thermal expansion within about 50% of one another.
Each said stiffening rib is sized and positioned on the asso-
ciated reflector so as to increase an EI value thereof at least
about 10 times or to at least about 9,180 pascal meters™.

In certain example embodiments of this invention, a
method of making a stiffening rib for a reflector in a solar
collector system is provided. This method comprises roll-
forming steel, injection molding plastic or glass-filled plastic,
or extruding aluminum so as to form the stiffening rib. The
stiffening rib is formed so as to include at least one area
suitable for accommodating a polymer-based adhesive for
bonding the rib to a side of the reflector facing away from the
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sun. The stiffening rib is formed so as to substantially match
a contour of the reflector. At least two of the rib, the reflector,
and the adhesive have respective coefficients of thermal
expansion within about 50% of one another. The stiffening rib
is sized and positionable on the reflector so as to increase an
EI value of the reflector at least about 10 times or to at least
about 9,180 pascal meters™.

The features, aspects, advantages, and example embodi-
ments described herein may be combined in any suitable
combination or sub-combination to realize yet further
embodiments of this invention.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic diagram of a conventional solar
collector system.

FIG. 2 isacross sectional view of the second surface mirror
used in the conventional solar collector system of FIG. 1.

FIG. 3 illustrates a first step performed in making a bent
reflecting according to an example embodiment of this inven-
tion.

FIG. 4 illustrates another step performed in making a bent
reflecting according to an example embodiment of this inven-
tion.

FIG. 5 illustrates another step performed in making a bent
reflecting according to an example embodiment of this inven-
tion.

FIG. 6 illustrates another step performed in making a bent
reflecting according to an example embodiment of this inven-
tion.

FIG. 7 illustrates yet another step performed in making a
bent reflecting according to an example embodiment of this
invention.

FIG. 8 illustrates another optional step performed in mak-
ing a bent reflecting according to an example embodiment of
this invention.

FIG. 9 is a cross sectional view of a reflector according to
an embodiment of this invention, where a second surface
mirror may be used such that the reflective coating is provided
on the side of the glass substrate opposite the light incident
side.

FIG. 10 is a cross sectional view of a reflector according to
an embodiment of this invention, where a first surface mirror
may be used such that the reflective coating is provided on the
light incident side of the glass substrate.

FIG. 11 is a flowchart illustrating steps performed in mak-
ing a mirror according to another example embodiment of this
invention.

FIG. 12 is a cross sectional view of the mirror made in the
FIG. 11-12 embodiment.

FIG. 13 is a flowchart illustrating steps performed in mak-
ing a mirror according to yet another example embodiment of
this invention.

FIG. 14 is a cross sectional view of the mirror made in the
FIG. 13-14 embodiment.

FIG. 15 is a cross sectional view of a mirror made in any of
the FIG. 11-14 embodiments.

FIG. 16 is a cross-sectional view of a mirror made in
accordance with any of the FIG. 11-15 embodiments.

FIG. 17 is a flowchart illustrating steps performed in mak-
ing a mirror according to a version of the FIG. 13-16 embodi-
ment(s) of this invention.

FIGS. 18(a) and 18(b) are top and perspective views,
respectively, of an example mounting pad to be used to mount
the reflector/mirror panel to a holding structure of the solar
collector.
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FIGS. 19(a) and 19(5) are top and side plan views of an
example insert to be used in connection with the pad of FIGS.
18(a)-(d).

FIGS. 204 and 205 are cross-sectional views of stiffening
ribs according to certain example embodiments of this inven-
tion.

FIG. 21 is a top view of a rail mount assembly according to
certain example embodiments of this invention.

DETAILED DESCRIPTION OF EXAMPLE
EMBODIMENTS OF THE INVENTION

Referring now more particularly to the accompanying
drawings in which like reference numerals indicate like parts
throughout the several views.

In certain example embodiments of this invention, a para-
bolic trough or dish reflector/mirror laminate for use in a
concentrating solar power apparatus is made by: (a) forming
a reflective coating on a thin substantially flat glass substrate
(the thin glass substrate may or may not be pre-bent prior to
the coating being applied thereto; if the thin glass substrate is
pre-bent prior to application of the coating thereon then its
thin nature and large size/weight will permit the glass to sag
s0 as to be flat or substantially flat in the coating apparatus
when the coating is applied thereto, such that the coating is
still applied to a flat or substantially flat glass substrate even
though it may have been pre-bent), (b) optionally, if the thin
glass substrate in (a) was not pre-bent, cold-bending the thin
glass substrate with the reflective coating thereon; and (c)
applying a plate or frame member to the thin bent glass
substrate with the coating thereon from (a) and/or (b), the
plate or frame member (which may be another thicker pre-
bent glass sheet, for example) for maintaining the thin glass
substrate having the coating thereon in a bent orientation in a
final product. It is noted that (b) and (¢) may be performed at
essentially the same time or one right after the other, or in
entirely different steps, in different example embodiments of
this invention. E.g., see FIGS. 11-17. For example, the thin
glass substrate with the coating thereon may be cold-bent
when it is pressed against the plate or frame member during a
laminating process, so that (b) and (c¢) would be performed
right after one another or at essentially the same time. Alter-
natively, the thin glass substrate with the reflective coating
thereon may be cold-bent and after the cold bending the thin
glass substrate could be brought to and coupled with the plate
or frame member. The reflective coating may be a single layer
coating, or a multi-layer coating, in different example
embodiments of this invention. FIGS. 1-2 illustrate an
example concentrating solar power apparatus to which cer-
tain example embodiments of this invention may apply.

In certain example embodiments, the reflector/mirror lami-
nate is a parabolic dish or trough type reflector and reflects
incident sunlight (e.g., visible and/or IR radiation) and
focuses the same at a common location. For instance, a liquid
to be heated may be positioned at the focal point of the
parabolic mirror(s) so that the reflected sunlight heats the
liquid (e.g., water, oil, or any other suitable liquid) and energy
can be collected from the heat or steam generated by the
liquid.

In certain example embodiments of this invention, when
the thin glass substrate is not pre-bent prior to forming the
reflective coating thereon, the thin glass substrate with the
reflective coating thereon may in (b) and/or (¢) be cold-bent at
a temperature of no more than about 200 degrees C., more
preferably no more than about 150 degrees C., more prefer-
ably no more than about 100 degrees C., even more preferably
no more than about 75 degrees C., still more preferably no
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more than about 50 degrees C., still more preferably no more
than about 40 or 30 degrees C. The cold-bent thin glass
substrate with the reflective coating thereon may then be
laminated to the plate or frame member (which may be
another thicker pre-bent glass sheet, for example) for main-
taining the coated thin glass substrate in a bent orientation in
a final product.

In certain example embodiments, the thin glass substrate or
sheet 9' may be substantially clear and have a high visible
transmittance of at least about 85%, more preferably of at
least about 88%, more preferably of at least about 89%, and
possibly of at least about 90%. Moreover, the thin glass sub-
strate/sheet 9' may be soda-lime-silica type glass, and may
have a low iron content such as less than about 500 ppm total
iron, more preferably less than about 450 ppm total iron, and
still more preferably less than about 425 ppm iron. The less
the iron, the more visible and/or IR light which can makes its
way through the glass thereby permitting improved heating of
the liquid or the like to be heated in the concentrating solar
power apparatus. These features of the glass sheet 9' may or
may not apply to any embodiment herein. In certain example
embodiments, the thick glass substrate 14/18 may have a
higher total iron content (e.g., greater than 425, 450 or 500
ppm) than the thin glass substrate 9'.

In certain example embodiments of this invention, the plate
or frame member may be another glass substrate/sheet that is
thicker than the thin glass substrate having the reflective
coating thereon, and may optionally have been pre-bent (e.g.,
via hot bending) prior to being laminated to the thin glass
substrate and/or reflective coating. E.g., see FIGS. 13-17. The
pre-bent (via hot-bending) thick glass substrate/sheet may be
laminated/adhered to the thin glass substrate with the reflec-
tive coating thereon via an adhesive/laminating layer which is
typically polymer based (e.g., PVB, or any other suitable
polymer inclusive adhesive). E.g., see FIGS. 13-17. In certain
other example embodiments, the plate or frame member may
be flat and may be applied to the thin glass substrate prior to
bending thereof. Then, the plate member (e.g., of glass, ther-
moplastic, or the like) and the thin glass substrate can be bent
together with the plate or frame member optionally being
pre-heated to permit more efficient bending thereof. E.g., see
FIG. 11.

In certain example embodiments of this invention, the
reflector may be used as a mirror in a solar collector (e.g., see
FIGS. 1-2 and 16), or in any other suitable application. In
certain example embodiments of this invention, the reflector
is a mirror (first or second surface mirror) which may be used
in applications such as one or more of: parabolic-trough
power plants, compound parabolic concentrating collectors,
solar dish-engine systems, solar thermal power plants, and/or
solar collectors, which rely on mirror(s) to reflect and direct
solar radiation from the sun. In certain example instances, the
mirror(s) may be mounted on a steel or other metal based
support system. In certain example embodiments, the reflec-
tor may be an IR reflecting coated article that may be used in
window or other applications. In such IR reflecting embodi-
ments, the reflective coating may include at least one infrared
(IR) reflecting layer of or including a material such as silver,
gold, or the like, and may be at least partially transmissive to
visible light while blocking/reflecting significant amounts of
IR radiation, and may be used in window or other suitable
applications. Visible light may also be reflected.

FIGS. 3-8 illustrate an example process of making a reflec-
tor according to an example embodiment of this invention.
First, a thin flat glass substrate (e.g., soda-lime-silica based
float glass) 9' is provided in uncoated form. The flat glass
substrate 9' may be clear or green colored, and may be from
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about 0.5 to 2.5 mm thick, more preferably from about 1.0 to
2.25 mm thick, even more preferably from about 1.0 to 2.0
mm thick, more preferably from about 1.5 to 2.0 mm thick,
more preferably from about 1.5 to 1.8 mm thick, and most
preferably from about 1.65to 1.75 mm thick. In this particular
embodiment, the thin glass substrate 9' is not pre-bent, but
may optionally be heat strengthened, prior to application of a
coating thereon. Then, a reflective coating 10 is formed on the
flat thin glass substrate 9' via sputtering, sol-gel, spraying, or
the like. Examples of the reflective coating 10 are shown in
FIGS. 3-5 and 9-15, but not in FIGS. 6-8 for purposes of
simplicity. The reflective coating 10 may be made up of a
single reflective layer, or alternatively may be made up of a
plurality of layers in different instances. In single layer
embodiments, the reflective coating 10 may be made up of a
single reflective layer of aluminum, silver, chromium, gold or
the like that is sufficient to reflect the desired radiation (e.g.,
visible and/or IR radiation). In multi-layer embodiments, the
reflective coating 10 may include a reflective layer of alumi-
num, silver, chromium, gold or the like and other layer(s)
such as silicon oxide, silicon nitride, and/or the like which
may be provided over and/or under the reflective layer. Other
example reflective coatings 10 are set forth in U.S. Patent
Document No. 2003/0179454, 2005/0083576, Ser. No.
10/945,430, Ser. No. 10/959,321, U.S. Pat. No. 6,783,253,
U.S. Pat. No. 6,251,482, U.S. Pat. No. 3,798,050, or U.S. Pat.
No. 6,934,085, any of which may be used herein, the disclo-
sures of which are hereby incorporated herein by reference.
Examples of a multi-layer reflective coating 10 are shown in
detail in FIGS. 15-16.

In certain example mirror embodiments, the reflective
layer (e.g., Al, Ag, Au or Cr based layer) 40 of the coating 10
may have an index of refraction value “n” of from about 0.05
to 1.5, more preferably from about 0.05 to 1.0. Note that the
overall coating 10 is shown in FIGS. 3-5,9-10, 12, and 14 for
purposes of simplicity, but that reflective layer 40 of the
coating 10 is shown in FIGS. 15-16 which are provided for
more example detail. It should also be noted that the coating
10 may consist of only the reflective layer 40 in certain
example instances, but may include other layers in addition to
the reflective layer 40 in other example instances such as
shown in FIGS. 15-16. When the reflective layer 40 of the
coating 10 is of or based on Al, the index of refraction “n” of
the layer may be about 0.8, but it also may be as low as about
0.1 when the layer is of or based on Ag. In certain example
embodiments of this invention, a reflective metallic layer 40
of Ag may be applied at a silvering station where a silvering
solution is sprayed on, the silvering solution including a silver
salt and a reducing agent(s). In other example embodiments,
a reflective layer 40 of Al may be sputtered onto the glass
substrate 9', directly or indirectly, using a C-MAG rotatable
cathode Al inclusive target (may or may not be doped) and/or
a substantially pure Al target (>=99.5% Al) (e.g., using 2
C-MAG targets, Ar gas flow, 6 kW per C-MAG power, and
pressure of 3 mTorr), although other methods of deposition
for the layer may be used in different instances. The reflective
layer(s) 40 of the coating 10 in certain embodiments of this
invention has a reflectance of at least 75% in the 500 nm
region as measured on a Perkin Elmer Lambda 900 or equiva-
lent spectrophotometer, more preferably at least 80%, and
even more preferably at least 85%, and in some instances at
least about 90% or even at least about 95%. Moreover, in
certain embodiments of this invention, the reflective layer 40
is not completely opaque, as it may have a small transmission
in the visible and/or IR wavelength region of from 0.1 to 5%,
more preferably from about 0.5 to 1.5%. The reflective layer
40 may be from about 20-150 nm thick in certain embodi-
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ments of this invention, more preferably from about 40-90 nm
thick, even more preferably from about 50-80 nm thick, with
an example thickness being about 65 nm when Al is used for
the reflective layer 40.

It is advantageous that the reflective coating 10 is formed
(e.g., via sputtering or the like) on the glass 9' when the glass
is in a flat form, as shown in FIG. 3. This permits the coating
to be formed in a more consistent and uniform manner,
thereby improving the reflective characteristics thereof so
that the final product may achieve improved optical perfor-
mance (e.g., better and/or more consistent reflection of visible
and/or IR radiation).

Once the reflective coating 10 has been formed on the flat
glass substrate 9' to form a coated article as shown in FIG. 3,
the flat coated article is positioned over a mold 12. The mold
12 may be in the shape of a parabolic/parabola or the like, to
which it is desired to bend the coated article. Moreover, as
shown in FIG. 3, the mold 12 may have a plurality of holes
defined therein for drawing a vacuum to help bend the coated
article. The coated article including the glass 9' and reflective
coating 10 is positioned over and lowered onto the surface of
the mold 12. The coated article, including the glass 9' and
coating 10 thereon, is then cold-bent along the parabolic
surface of the mold 12 as shown in FIG. 4. The cold-bending
may be achieved via a gravity sag on the parabolic surface of
the mold 12, with the optional help of the vacuum system
which helps draw the coated article toward the parabolic mold
surface 12. In certain example embodiments, the glass 9' may
directly contact the parabolic bend surface of the mold 12
during the bending process.

The bending of the coated glass article shown in FIGS. 3-4
is a cold-bend technique, because the glass is not heated to its
typical bending temperature(s) of at least about 580 degrees
C. Instead, during the bending of FIGS. 3-4, the glass sub-
strate 9' with the coating 10 thereon may be bent while at a
temperature of no more than about 200 degrees C., more
preferably no more than about 150 degrees C., more prefer-
ably no more than about 100 degrees C., even more preferably
no more than about 75 degrees C., still more preferably no
more than about 50 degrees C., still more preferably no more
than about 40 or 30 degrees C., and possibly at about room
temperature in certain example instances. In order to not
exceed the maximum tensile stress (e.g., 20.7 to 24.15 MPa)
that would lead to spontaneous breakage of the glass during
cold bending in this configuration, the thickness of glass
substrate 9' is kept relatively thin as explained above. For
example, in certain example embodiments of this invention,
the glass 9' is from about 0.5 to 2.5 mm thick, more preferably
from about 1.0 to 2.25 mm thick, and most preferably from
about 1.0 to 2.0 mm thick, and even more preferably from
about 1.5 to 1.8 or 1.9 mm thick.

After the coated article including the glass 9' and coating
10 has been cold-bent to its desired shape (e.g., parabolic
shape) as shown in FIG. 4, this bent shape is maintained using
aplate/frame 14 such as another glass sheet or a thermoplastic
member on which the coated article may be glued or other-
wise adhered (see FIG. 5). Optionally, addition of an adequate
adhesive agent (not shown), or an adhesive/laminating layer
20 as shown in FIGS. 11-15, may be used to caused excellent
adhesion between the coated article and the plate 14. The
plate 14 may be transparent or opaque in different embodi-
ments of this invention. The plate 14 may or may not be
pre-bent in a shape corresponding to the cold-bent substrate
in different example embodiments of this invention. In certain
example embodiments, the plate 14 is another glass sheet that
is thicker (e.g., from about 2.0 to 10.0 mm thick, more pref-
erably from about 2.0 (or 2.3) to 6.0 mm thick, even more
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preferably from about 2.1, 2.2 or 2.3 to 5.5 mm thick) than the
thin glass sheet 9', and the glass plate 14 may have been
pre-bent via hot bending (using temperature of at least about
580 degrees C.) into a shape substantially corresponding to
(corresponding to or also including possible over-bending to
compensate for a straightening effect of the thin glass 9' upon
attachment thereto) the shape of the desired parabola or thin
glass 9'. The plate 14 may be attached to the cold-bent glass 9'
(and thus to the reflective coating thereon) via an adhesive/
laminating layer and/or via fasteners in different example
embodiments of this invention, in order to freeze its bent
shape around the exterior of the coated article made up of the
cold-bent glass 9' and the reflective coating 10. After thin
glass sheet 9' has been attached to plate 14, the cold-bent
article may then be removed from the mold 12 as shown in
FIG. 7. The bent/shaped thick plate 14 then maintains the bent
shape of the cold-bent thin glass 9' to which it is adhered
and/or fastened, thereby keeping the thin glass 9' and coating
10 thereon in a desired bent shape/form, as shown in FIG. 7.

Note that it is possible to use stiffening material (e.g., glass
fibers or the like) in the plate 14 so provide the plate 14 with
substantially the same dilatation properties as the glass 9'
(e.g., embedded glass fibers in polypropylene). Optionally,
the plate 14 may also cover the edges of the glass 9' and
coating 10 so as to function as a mechanical protector to
protect the edges of the glass and possibly prevent or reduce
oxidation or degradation of the glass 9' and/or coating 10.

Optionally, as shown in FIG. 8, spacers (e.g., honeycomb
spacers) 16 may optionally be provided and another similarly
bent plate 14' on the bent glass substrate 9' over the plate 14 is
also possible. The combination of layers 14, 16 and 14' may
be applied together at the same time as one unit on the glass 9',
oralternatively may be applied sequentially as separate layers
in different example embodiments of this invention.

FIGS. 9-10 are cross sectional views of portions of bent
mirrors according to different example embodiments of this
invention, and illustrate that first surface mirrors (FIG. 10) or
back surface mirrors (FIG. 9) may be used in different
instances. FIG. 9 illustrates that the mirror is a back or second
surface mirror because the incident light from the sun has to
first pass through the glass 9' before being reflected by coating
10.

Certain example embodiments of this invention are advan-
tageous for a number of reasons. For example and without
limitation, the thin glass 9' used in the bending process is
advantageous in that it permits high reflection characteristics
to be realized, low weight characteristics and reduces con-
straints on the reflective coating. In other words, high reflec-
tionamounts (e.g., at least 90%, more preferably at least 91%,
and possibly at least 92%) may be provided because of the
thin nature of glass sheet 9' in any example embodiment
herein (e.g., this may possibly apply to any example embodi-
ment herein, such as those shown in FIG. 3-8 or 1-17). More-
over, in certain example embodiments, the cold-bending is
advantageous in that it reduces distortions of the glass 9'
and/or coating 10 and provides for good shape accuracy, and
the application of the coating 10 to the glass 9' when the glass
is in a flat form allows for improved mirror and/or reflective
qualities to be realized. Moreover, the laminate nature of the
product, with the plate 14 being adhered to the glass 9',
provides for better safety and allows the reflector to perform
even if it should be cracked or broken; and collateral damage
may be reduced due to the laminate nature of the reflector
(e.g., this may possibly apply to any example embodiment
herein, such as those shown in FIG. 3-8 or 11-17).

In certain example embodiments of this invention, plate 14
may be a glass sheet, possibly thicker than glass sheet 9', that
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is adhered to the cold-bent glass 9' and coating 10 via a glue
layer. A glue layer may also be referred to as a laminating
layer or an adhesive layer. Examples of such embodiments are
shown in FIGS. 11-17.

Another example embodiment is discussed in the context
of at least FIGS. 11-12. Referring to FIGS. 11-12, a flat thin
glass substrate (e.g., soda-lime-silica based float glass) 9" is
provided in uncoated form. In this FIG. 11-12 embodiment,
the thin glass substrate 9' may or may not be pre-bent via hot
bending (e.g., using temperature of at least about 580 degrees
C.) and/or heat strengthen prior to being coated. The thin
glass substrate 9' may be clear or green colored, and may be
of a thickness as discussed above. Then, a reflective coating
10 (e.g., any mirror coating discussed herein, or any other
suitable mirror coating) is formed on the flat glass substrate 9'
via sputtering, sol-gel, spraying, wet chemical application,
and/orthe like. As mentioned above, the thin glass substrate 9'
may or may not be pre-bent prior to the coating 10 being
applied thereto; if the thin glass substrate 9" is pre-bent prior
to application of the coating 10 thereon then its thin nature
and large size/weight may permit the glass 9' to lie flat or
substantially flat in the coating apparatus when the coating is
applied thereto, such that the coating 10 is still applied to a flat
or substantially flat glass substrate 9' even though it may have
been pre-bent. As discussed above, the reflective coating 10
may be made up of a plurality of layers, or of a single reflec-
tive layer 40. In multi-layer embodiments, the reflective coat-
ing 10 may include a reflective layer 40 of silver, aluminum,
chromium, gold or the like and other layer(s) which may be
provided over and/or under the reflective layer. Other
example reflective coatings 10 are set forth in U.S. Patent
Document Nos. 2003/0179454, 2005/0083576, Ser. No.
10/945,430, Ser. No. 10/959,321, U.S. Pat. No. 6,783,253,
U.S. Pat. No. 6,251,482, U.S. Pat. No. 3,798,050, or U.S. Pat.
No. 6,934,085, any of which may be used herein, the disclo-
sures of which are hereby incorporated herein by reference. It
is advantageous that the reflective coating 10 is formed (e.g.,
via sputtering, spraying, wet chemical application, sol-gel,
and/or the like) on the glass 9' when the glass is in a flat or
substantially flat form, regardless of whether or notithas been
pre-bent; as this permits the coating 10 to be formed in a more
consistent and uniform manner thereby improving the reflec-
tive characteristics thereof so that the final product may
achieve improved optical performance (e.g., better and/or
more consistent reflection of visible and/or IR radiation).

Then, in the FIG. 11-12 embodiment, the coated article
including thin glass substrate 9' with reflective coating 10
thereon is coupled to another glass substrate 18, possibly
called a plate in certain instances (which may be flat or pre-
bent), with a glue layer 20 provided therebetween (see step S1
in FIG. 11). The glue layer 20 may be made up of a polymer
based material in certain example instances. In certain
example embodiments, the glue/adhesive/laminating layer 20
may be made of or include polyvinyl butyral (PVB), EVA, or
any other suitable polymer based glue material. The glue
layer may be initially provided between the glass substrates 9'
and 18 in solid and/or non-adhesive form. Then, the multi-
layer structure shown in FIG. 12 including glass substrates 9'
and 18, with reflective coating 10 and glue layer 20 therebe-
tween, is cold bent on a mold 12 as described above (e.g., see
S2 in FIG. 11, and FIGS. 3-4). The curved mold 12 may be
made of steel or any other suitable material. Because the glue
layer may not be in final adhesive form at this point, the glass
substrates 9' and 18 together with the coating 10, glue layer 20
and mold can be maintained in the bent sandwich form by
mechanical clamps around the edges of the sandwich, or by
any other suitable means. While the multi-layer structure is in
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its desired cold-bent form on the mold (e.g., with the clamps
holding the sandwich in cold-bent form on the mold 10), the
glue layer (e.g., PVB) 20 is heated and frozen in an adhesive
position in order to maintain the glass substrates 9' and 18 of
the laminate in their desired bent form, e.g., in the form of a
parabola orthelike (see S3 in FIG. 11). The mold may then be
removed. In order to “freeze” the glue layer 20, for example
and without limitation, the glass substrates 9' and 18 together
with the coating 10, glue layer 20 and mold (e.g., possibly
with the clamps) in the bent sandwich form can be positioned
in a heating oven (e.g., autoclave) (not shown) and heating
caused in the oven can cause the glue layer (e.g., PVB) 20 to
turn into an adhesive which adheres the two substrates 9" and
18 to each other (i.e., “freeze” the glue layer). After heating
and curing of the glue layer 20, the mold may be removed.
The now final adhesive glue layer 20, as heated and cured, can
function to maintain the cold-bent glass substrates/sheets 9'
and 18 in their desired bent form along with coating 10. It is
noted that in the FIG. 11-12 embodiment, the reflective coat-
ing 10 may be on either major surface of the glass substrate 9'.
Thus, the coating 10 may or may not directly contact the glue
layer 20.

In certain example embodiments of this invention, the plate
14 may be a pre-bent glass sheet (e.g., which may be hot-
bent). Examples of such embodiments where the plate 14 is a
pre-bent glass sheet are explained with respect to FIGS.
13-17.

Referring to the FIG. 13-14 embodiment, a pre-bent rela-
tively thick first sheet of glass (14 or 18) is provided in step
SA. This pre-bent first sheet/substrate of glass 14/18 may be
bent by heat-bending as is known in the art, e.g., using bend-
ing temperature(s) of at least about 550 degrees C., more
preferably of at least about 580 degrees C., and heat strength-
ening of the glass may take place at the same time as the heat
bending. The first relatively thick glass sheet 14/18 may be
heat bent in any suitable manner, such as sag bending and/or
using a bending mold. Additionally, a flat relatively thin sec-
ond glass substrate (e.g., soda-lime-silica based float glass) 9'
is provided in uncoated form. Like the first glass sheet/sub-
strate 14/18, the flat second glass substrate 9' may be clear or
green colored, although the glass substrate 9' is preferably
clear and of a low iron and high transmission type as dis-
cussed herein. As explained herein, the thick glass sheet 14/18
may have a thickness of from about 2.0 or 2.3 to 10.0 mm
thick, more preferably from about 2.0 (or2.1,2.2 0r2.3)t0 6.0
mm thick, even more preferably from about 3.0 to 5.5 mm
thick; whereas the thin glass sheet 9' may have a thickness of
from about 0.5 to 2.5 mm thick, more preferably from about
1.0 to 2.25 mm thick, and most preferably from about 1.0 to
2.0 mm thick, or even more preferably from about 1.5to 1.8
or 1.9 mm. In certain example embodiments of this invention,
the thin glass substrate or sheet 9' may have a thickness of at
least 0.2 mm (more preferably at least 0.3 mm, even more
preferably at least 0.5 mm, possibly at least 1 mm, and some-
times possibly at least 1.5 or 2.0 mm) less than the thickness
of the thicker glass sheet or plate 14/18.

Still referring to the FIG. 13-14 embodiment (as well as
other example embodiments therein), a reflective coating 10
is formed on the flat second glass substrate 9' via sputtering,
spraying, sol-gel, and/or the like, in step SB. Note that the
order of steps SA and SB shown in FIG. 13 may be reversed,
so that step SB is performed before or at the same time as step
SA in certain example instances. Once the reflective coating
10 has been formed on the flat second glass substrate 9'
(which may or may not have been pre-bent) to form a coated
article as shown in FIG. 3 for instance, the flat coated article
may be positioned over amold 12. The mold 12 may be in the

20

25

30

35

40

45

50

55

60

65

14

shape of a parabolic or the like, to which it is desired to bend
the coated article. Note that the phrases “substantially para-
bolic” and “substantial parabola” as used herein cover both
perfect parabolas and shapes that are close to but not quite
perfectly parabolic. Moreover, as shown in FIG. 3, the mold
12 may have a plurality of holes defined therein for drawing a
vacuum to help bend the coated article. The coated article
including the glass 9' and reflective coating 10 thereon is
positioned over and lowered onto the surface of the mold 12.
The coated article, including the glass 9' and coating 10
thereon, is then cold-bent along the parabolic surface of the
mold 12 as shown in FIG. 4, in step SC of FIG. 13. The
cold-bending in step SC may be achieved via a gravity sag on
the parabolic surface of the mold 12, with the optional help of
the vacuum system which helps draw the coated article
toward the parabolic mold surface 12. In certain example
embodiments, the glass 9' may directly contact the parabolic
bend surface of the mold 12 during the bending process. The
bending of the coated glass article shown in FIGS. 3-4 and in
step SC of FIG. 13 is a cold-bend technique, because the glass
is not heated to its typical bending temperature(s) of at least
about 550 or 580 degrees C. Instead, during cold-bending the
glass substrate 9' with the coating 10 thereon may be bent
while at a temperature of no more than about 250 or 200
degrees C., more preferably no more than about 150 degrees
C., more preferably no more than about 100 degrees C., even
more preferably no more than about 75 degrees C., still more
preferably no more than about 50 degrees C., still more pref-
erably no more than about 40 or 30 degrees C., and possibly
at about room temperature in certain example instances.

Note that it is possible to omit step SC in certain example
instances so that no mold is used in cold bending of the coated
thin glass sheet, and instead the thin glass sheet may be cold
bent when it is brought together with the pre-bent thicker
glass substrate 14/18 in the lamination process. In order to not
exceed the maximum tensile stress (e.g., 20.7 to 24.15 MPa)
that would lead to spontaneous breakage of the glass during
cold bending in this configuration, the thickness of second
glass substrate 9' may be kept relatively thin as discussed
above.

After the coated article including the second glass sub-
strate/sheet 9' and coating 10 has been cold-bent to its desired
shape (e.g., parabolic shape) in step of FIG. 13 and as shown
in FIG. 4 (or optionally during the beginning of a lamination
process when the thin glass sheet 9' is brought together with
the pre-bent thick glass sheet 14/18), this bent shape of 9' is
maintained using the pre-hot-bent first glass substrate/sheet
14/18 that was formed in step SA. In certain example embodi-
ments, the pre-hot-bent first glass sheet 14/18 is laminated or
otherwise coupled to the cold-bent second glass sheet 9' with
an adhesive/glue layer 20 therebetween as shown in FIGS.
13-15 and as noted in step SD of FIG. 13. The pre-bent glass
sheet 18 together with the glue layer 20 then maintain the bent
shape of the glass 9' to which it is adhered and/or fastened,
thereby keeping the glass 9' and reflective coating 10 thereon
in a desired bent shape/form, as shown in FIG. 14. In certain
example embodiments of this invention, the glue layer 20
may be made of any suitable adhesive material including but
not limited to polyvinyl butyral (PVB), or EVA. It is noted
that in the FIG. 13-14 embodiment, the reflective coating 10
may be on either major surface of the glass substrate 9. Thus,
the coating 10 may or may not directly contact the glue layer
20.

However, with respect to the FI1G. 13-14 embodiment, note
that a second or back surface mirror is preferably used as
shown in FIG. 15. In other words, the reflective coating 10 is
preferably formed on the interior surface of glass sheet 9'so as
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to directly contact the laminating/glue layer 20. In such
embodiments, light is typically incident on the second glass
sheet 9', passes through glass sheet 9' and is reflected by
reflective coating 10 in a mirror-like manner back through
sheet 9' and toward the desired location for solar collector
applications and the like.

An example of making a parabolic trough or dish reflector
for use in a concentrating solar power apparatus will now be
described with respect to the embodiment of FIGS. 15-17.

A thin glass substrate 9' and a thick glass substrate 14/18
are provided. As explained herein, the thick glass sheet 18
may have a thickness of from about 2.0 to 10.0 mm thick,
more preferably from about 2.0 (or 2.3) to 6.0 mm thick, even
more preferably from about 2.1, 2.2 or 2.3 to 5.5 mm thick;
whereas the thin glass sheet 9' may be of a low-iron type soda
lime silica type glass and may have a thickness of from about
0.5 to 2.5 mm thick, more preferably from about 1.0 to 2.25
mm thick, and most preferably from about 1.0 to 2.0 mm
thick, and sometimes from about 1.5to 1.7, 1.8 or 1.9 mm.
Moreover, the thin glass substrate or sheet 9' may have a
thickness of at least 0.2, 0.3 or 0.5 mm (possibly at least 1
mm) less than the thickness of the thicker glass sheet or plate
18. Also, the thin glass substrate 9' may of the low-iron type
and high transmission type in certain example embodiments
of this invention.

Before the reflective coating 10 is applied thereto, the thin
glass substrate 9' may or may not be pre-bent to a desired
degree of curvature (e.g., to the desired parabolic shape) using
hot bending (e.g., temperature at least 580 degrees C.); when
the glass substrate 9' is pre-bent it has been found that its large
size/weight cause it to lie flat or essentially flat in the coating
apparatus so that the coating 10 is formed thereon when the
glass 9' is in a flat or substantially flat state regardless of
whether or not it has been pre-bent. The glass 9' may option-
ally be heat strengthened prior to the application of coating 10
thereon, with this heat strengthening possibly taking place
during the optional pre-bending. Meanwhile, the thick glass
substrate 18 is pre-bent via hot bending to the desired para-
bolic shape, or possibly even overbent (bent to an extent
greater than the desired shape for the final product) so as to
compensate for straightening effect of the thin glass 9' when
coupled thereto. The degree of overbending of glass 18 may
be a function of the thickness of the glass 18, and the desired
final parabolic shape of the reflector.

The reflective coating 10 is then applied to the thin sub-
stantially flat glass substrate 9' in its flat or substantially flat
state (regardless of whether it has been pre-bent). For pur-
poses of example only, the mirror coating of the FIGS. 15-16
may be made as follows in certain example embodiments of
this invention. Glass sheet 9' is provided, and may or may not
have been pre-bent via hot bending. If pre-bent, then the
weight and/or size of the glass 9" typically causes it to lie flat
or substantially flat in the coating apparatus where the coating
10 is applied. The air side of the glass 9' may be cleaned using
an aqueous cerium oxide slurry or the like, and/or polishing
brush(es). This cleaning step may help tin and/or palladium
sensitizer 30 (sometimes called a nucleation layer) to adhere
betterto the glass. The glass sheet 9' may then be sensitized by
way of a tin chloride solution; e.g., tin sensitizer is applied to
the glass via spraying of an aqueous solution of acetic tin
chloride. The tin sensitizer may be used for electrodeless
deposition of a reflective silver film 40 on the glass 9'. Rising
is optional at this point. It is noted that the tin chloride solu-
tion, which may possible be a stannous chloride solution in
certain instances, may provide for a tin monolayer on the
surface of the glass substrate/sheet 9'. Optionally, then, an
activating solution including ions of at least one of bismuth
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(I1I), chromium (II), gold (I11), indium (III), nickel (II), pal-
ladium (II), platinum (I1), thodium (I1I), ruthenium (I1I), tita-
nium (I1I), vanadium (IIT) and zinc (1) is then used to active
the substrate prior to silvering. For example, an aqueous
solution of or including PdCl, may be sprayed onto the sheet
for activation purposes, for better anchoring of the silver.
Thus, for example, a tin (Sn) and/or palladium (Pd) inclusive
chloride sensitized and/or activated area 30 may be provided
on the surface of the glass 9' as shown in FIG. 15, 16. The
activated glass may then proceed to a rinsing station where
demineralized water for example may be sprayed, and then to
a silvering station where silvering solution is sprayed onto the
sheet to form reflective silver layer 40. The silvering solution,
in certain example embodiments, may be of orinclude a silver
salt and a reducing agent(s). In certain example instances,
silver deposition may include simultaneous spraying of an
ammoniacal silver nitrate solution and an aldehyde contain-
ing reducing solution; mixing these two solutions results in
silver film 40 on substrate 9'. The silver based reflective layer
40 may be from about 40-100 nm thick in certain example
instances, with an example being about 70 nm. A copper
passivation film 50 may then be formed. Copper deposition
on the silver film may provide a passivating protective layer
50 for reducing degradation of the silver in certain instances.
The copper film 50 may be formed by the simultaneous spray-
ing of a copper sulfate solution and either suspended iron or
zinc particles in certain example instances, where the iron/
zinc may serve as reducing agent(s) so that the copper 50 can
electrolessly deposit on the silver reflective layer 40. In cer-
tain example instances, it has been found that the paint
layer(s) normally applied over the copper may not be needed
in certain example embodiments of this invention, so that the
passivation film 50 is in direct contact with the adhesive layer
20 as shown in FIGS. 15-16 for instance. The adhesive (e.g.,
PVB) 20 and the thick glass 14/18 provide a high level of
protection for the reflective layer 40.

Alternatively, instead of using copper, the passivating film
50 may instead be of or include tin oxide and/or silane(s). In
this respect, after the silver has been formed, the glass may
then be rinsed and then an acidified solution of tin chloride
may be sprayed onto the silvered glass. This tin solution may
ultimately form tin oxide on the surface of the coating. Then,
the mirror may be treated by spraying it with a solution
containing at least one silane. For example, the mirror may be
treated by spraying it with a solution including y-aminopropyl
triethoxysilane. Any other silane(s) may instead or also be
formed onthe surface of the coating. Moreover, it is noted that
tin oxide and silane(s) may simultaneously be formed over
the silver based layer in certain example embodiments of this
invention, or alternatively the silane may be formed prior to
the tin oxide. In any event, a passivating film 50 including at
least one layer and including one or both of tin oxide and at
least one silane may be provided as part of the coating 10 over
the silver based reflective layer 40. This passivating film 50,
including the tin oxide and/or silane, can directly contact the
polymer-based glue layer 20 during the laminating phase.

Of course, it will be appreciated that other materials and/or
layers may be used in the reflective coating 10 described
above. The aforesaid coating 10 is not intended to be limiting
unless expressly claimed. Moreover, other suitable reflective
coatings may also suffice in alternative embodiments of this
invention.

After the coating 10 has been formed on the thin glass
substrate 9', the mirrored piece (thin glass substrate 9' with
coating 10 thereon), which may or may not have been pre-
bent via a hot bend process, is laminated to the thick pre-bent
glass sheet 18 which has been pre-bent via a hot-bend process
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to a compensated shape which will arrive at the correct
desired parabolic shape after assembly. The lamination mate-
rial 20 for laminating the two articles may be of PVB or the
like. The PVB sheet 20 may be formulated to have a high level
of'adhesion to both glass 18 and passivation film 50 to ensure
long term resistance to the stresses of assembly. In certain
example instances, the PVB layer 20 may range in nominal
thickness from about 0.38 mm to 0.76 mm. The PVB may also
be formulated to have a high initial tack at low temperatures
to initially hold the assembly together for processing. Note
that if the thin glass sheet 9' was not pre-bent, then it can be
cold-bent when it is initially applied on and pressed into the
concavity of the pre-bent thick glass 18 during the beginning
phase of, or just prior to, the laminating process. Optionally,
an additional adhesive (not shown) may be applied to either
the surface of passivating film 50 or substrate 18, so as to be
adjacent the PVB 20; this optional adhesive may be one or
more of urethane, acrylic, and/or epoxy based or any other
suitable adhesive for external use. It is noted that the trans-
mission and color of the thick glass sheet 18 are not particu-
larly important, because the reflective light does not pass
therethrough; thus, the glass sheet 9' may be more clear and
more transmissive than the glass sheet 18 in certain example
embodiments of this invention.

Edge corrosion may be a problem in certain instances, and
can occur when moisture and air are able to attack exposed
silver 40 and/or copper 50 to initiate undesirable delamina-
tion of the structure. Such delamination leads to more corro-
sion, loss of integrity, and/or reduced reflectance of the mirror
reflector. Protection of the reflector against such attacks may
be achieved by one or more of the following: (i) painting or
otherwise coating one or more edges of the finished laminate
with a protective film of urethane and/or non-acid based sili-
cone, (ii) causing the adhesive layer 20 to overlap the exposed
edges of the mirrored substrate, (iii) removal of layer(s) 40
and/or 50 from around all or part of the peripheral edge of the
reflector to a distance of up to about 5 mm into the central area
of the reflector (edge deletion). In certain instances with
respect to (iii), the coating 10 may be masked or removed
from only the edge grind portion or less than 2 mm inboard to
prevent or reduce loss of reflective area; in certain instances
the deletion need only be large enough to allow the laminate
to seal directly to glass in order to block corrosion path in
certain example embodiments of this invention.

Samples made in accordance with the above FIG. 15-17
embodiment had a solar reflectance (ISO 9050, AM 1.5) of at
least 92%, even at least 92.5%, and with respect to corrosion
resistance (CASS ASTM B368) realized 120 hours without
degradation. Parabolic trough reflectors (e.g., see FIGS. 7-17)
according to certain example embodiments of this invention
have a solar reflectance (ISO 9050, AM 1.5) of at least 90%,
more preferably of at least 92%, even more preferably of at
least 92.5% or 92.6%, and have corrosion resistance (CASS
ASTM B368) of being able to withstand at least 120 hours
without degradation.

Mounting pads or brackets 32, as shown in FIG. 16, may be
used to mount the reflector panel to a holding structure of the
solar collector. These pads or brackets 32 may be of any
suitable type in different example embodiments of this inven-
tion. For example, the pads 32 may be ceramic in certain
example instances.

However, in one particular example embodiment of this
invention, each solar mirror (e.g., see FIGS. 14-16 and 18-19)
may have four, or any other suitable number of, mounting
pads 32 adhesively bonded to the non-reflective, back surface
of'the laminated mirror so that the mounting pads are adhered
to the surface of the thick glass substrate 18 furthest from the
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laminating layer 20. While mounting pads 32 are shown in
FIG. 16, FIGS. 18(a) and 18(5) provide more detailed views
of pads 32. These mounting pads 32 may be made using an
injection molding process, or any other suitable process.
These mounting pads 32 may be produced with a 20-40%
(e.g., 30%) long glass fiber, such as TPU (thermal plastic
urethane) in certain example non-limiting instances (e.g.,
TPU may be obtained from A Schullman, as a material PBX-
15/15 for example). Alternative plastic materials may be sub-
stituted for the TPU, and these may include glass filled
nylons, or the like. Glass filled plastic materials may be used
and may be advantageous in that this will cause the mounting
pads 32 to realize a similar co-efficient of thermal expansion
rate compared to the glass surface of glass 18 being bonded to.
Using such glass filled mounting pads 32 may also be advan-
tageous in that it permits very low stresses upon the adhesive
joint which is good for durability purposes in the environ-
ments where these products are often used.

In certain example embodiments, one or more of the
mounting pads 32 may be designed to allow for the use of a
separately made metallic or substantially metallic insert 33
(see FIGS. 18-19). These inserts 33 may be blind hole
threaded with an M6 thread, or any other suitable thread or the
like. These metal inserts 33 may be placed into the plastic
mounting pad 32 (see the hole 35 in pad 32 shown in FIGS.
18(a)-(b), for receiving the insert 33) just prior to the bonding
process, and can allow the finished mirror assembly to be
directly bolted to a mounting frame in the concentrating solar
power apparatus. In certain example instances, these inserts
33 may be made of a steel suitable for threaded application, or
could be of stainless steel or hardened brass in other example
instances. In certain example embodiments, the head of the
metal insert(s) 33 may be hexagonal in shape as shown in
FIGS. 18-19 (although other shapes may instead be used) and
this hexagonal head fits down into a mating hexagonal relief
area in the mounting pad 32 as shown in FIG. 18(a). This
hexagonal insert feature is for preventing or reducing the
likelihood of the insert 33 rotating when the finished mirror/
reflector laminate is installed in the field. Other anti-rotational
features could instead or also be used, including details like
oblong insert heads with mating relief areas in the mounting
pads.

Prior to bonding the mounting pad(s) 32 to the thick glass
substrate 18, the glass surface being bonded may have an
adhesion promoter applied to the glass 18. An example adhe-
sion promoter is Dow’s Uniprime 16100. After applying this
primer to the surface of glass 18, the primed area may be
allowed to dry for 20 seconds or any other suitable time before
the application of adhesive material. Additionally, the open
time of the primed glass expires after 110 hours, or other
suitable time depending upon which material(s) is/are used. If
this time is exceeded, the glass surface can be re-primed and
the bonding process can take place. The surface of the plastic
mounting pad 32 that mates with the adhesive may also be
primed with Dow’s Uniprime 16100 or the like. This priming
may be done to eliminate or reduce contaminates. Alternative
glass/TPU primers may be used for this application, and
include materials such as Dow’s 435-18 glass primer and
Dow’s 435-20A Betaprime.

An example adhesive used to bond the pads 32 to the glass
18 is Dow’s 16050 adhesive, although other adhesives may be
used. This adhesive works well in combination with the Dow
16100 uniprime primer, and this adhesive is formulated to
have additional UV light stability properties which is advan-
tageous in solar concentrator applications. This specific
example adhesive is a one-part, moisture cured, urethane
adhesive. Additional example benefits of this specific adhe-
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sive is its ability to bond to a wide number of different sub-
strates with, and without, the need of additional primers to
those substrates. Alternative adhesives may of course be used
for this application, and include other moisture cured ure-
thanes, moisture cured silicones, 2-part urethanes such as
Dow’s Betamate systems or 2-part silicone adhesives.

As noted above, it would be beneficial to increase the
thickness of mirror panels in solar concentrating systems or
the like. This holds true for flat, parabolic, spherical, or oth-
erwise shaped and/or arranged laminated or monolithic mir-
ror panels for use in solar concentrating systems or the like.

To this end, it is possible to envision alternative mounting
components that could be used to accomplish the mounting of
the finished mirror in the final application, including bonding
of supporting rails (not shown) to the back surface of the
mirrors rather than isolated mounting pads 32. This alterna-
tive may lead to a stronger mirror assembly more resistant to
potential wind/handling damage. Another potential alterna-
tive is to have a threaded stud feature on the back surface
rather than a blind hole insert. This feature may allow for
easier mirror alignment in the frame during installation.

For example, certain example embodiments provide one or
more stiffening rib(s) that are preformed to the part shape and
are bonded to the back of the glass to increase overall panel
stiffness. This arrangement advantageously adds stiffness
without unduly increasing weight in certain example embodi-
ments and without adversely affecting the transmission path
oflight to the mirror surface. As a general principle, stiffening
may be achieved by increasing the value of Young’s Modulus
E of a material, and/or increasing its moment of inertia I.
Hence, stiffness is often thought of as the product of these two
values, or EI.

Rather than simply increasing the layer thickness of the
reflector panels (which may be monolithic or laminated, and
which may be parabolic, flat, spherical, or otherwise shaped)
which would increase cost, potentially increase mass to or
above a level where support structures would have to be
modified to contain higher masses, and also potentially affect
the light transmission path to the mirror, an alternative
approach involved in certain example embodiments involves
attaching, via bonding, a stiffening rib or a series of stiffening
ribs to the reflector panels. In certain example embodiments,
the rib may be made of an appropriate cross section of roll-
formed steel, an injection molded plastic or glass-filled plas-
tic, or from extruded aluminum.

Thus, it will be appreciated that a wide variety of different
or composite materials may be used as the material forming
the rib(s). Steel ribs may be roll formed or stamped from, for
example, 1008 or 1010 steel. Steel ribbing may be e-coated to
reduce and sometimes even eliminate the need to prime the
steel with any additional chemical primers, e.g., as described
in greater detail below. Aluminum ribs also could be roll
formed, stamped, or possibly even extruded. The aluminum
also may be e-coated, e.g., as described in greater detail
below, so as to reduce and sometimes even eliminate the need
to prime the aluminum with any additional chemical primers.

Plastic rails may be injection molded or possibly extruded.
Preferable plastic substrates also may contain a sizeable
amount of glass fiber to ensure that the plastic substrate and
the glass substrates being bonded have co-efficient of thermal
expansion rates that are fairly close to one another, as
described in greater detail below. The glass content amount in
the plastic substrate may be about 10-50%, more preferably
about 20-40%, and still more preferably about 30%, although
varying amounts of glass fiber may be found to be acceptable.
Possible plastic materials include, for example, TPU (Ther-
mal Plastic Urethane) and PBT (Polybutylene Terephtalate)
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materials. TPU materials include, for example, Celstran PUG
30 from Ticonam and PBT materials include Rynite 30 from
Dupont. Of course, it will be appreciated that there are many
other plastic materials that also may be used in connection
with example embodiments of this invention.

As alluded to above, composite materials and/or composite
ribs also may be formed. That is, the material itself may be a
composite material, or a rib may have a main body of a first
material and secondary features of a second material. For
example, certain example embodiments may include a steel
rib that is insert-molded with plastic features.

Depending on the rib material and coefficients of thermal
expansion (CTE), a polymer-based adhesive system of appro-
priate stiffness may be used to bond the rib(s) of certain
example embodiments to the glass backing of the mirror
panel. The adhesive stiffness may be chosen such that it
accommodates the expected mismatch of expansion between
the glass and the rib(s). In other words, the adhesives may be
somewhat flexible so that as the glass and the rib(s) expand
and/or contract relative to one another, such parts do not
become de-bonded from one another. As a result, certain
example embodiments may use glass-filled plastics and/or
steel as preferred materials, as their respective coefficients of
thermal expansion perhaps best match that of glass. Example
adhesives usable in connection with certain example embodi-
ments include polyurethane, which may be moisture-cured or
two-part reactive mixed urethane systems; epoxy; silicone;
and/or other like adhesives.

In this regard, the inventors of the instant application have
discovered that urethane adhesives work extremely well with
the bonding of the ribs to the glass surface. These urethane
adhesives may be a 2-part nature, e.g., a physical mixing of an
isocyanate component with a polyol component. Examples of
these types of 2-part urethane adhesive are commercially
available from Dow Automotive under the trade name of
Betamate Structural Adhesive or from Ashland Chemical
under the trade name of Pliogrip Structural Adhesives. Of
course, it will be appreciated that there may be a much larger
selection of commercial products available that could be sub-
stituted for the above mentioned commercial products.

Another branch of acceptable urethane adhesives are those
urethane adhesives known as moisture-cured adhesives. Gen-
erally speaking, these adhesives cure by absorbing moisture
from the ambient air and the absorbed moisture reacts with
the adhesive to polymerize and cross link. An excellent
example moisture-cured adhesive is Dow Automotive’s
Betaseal 16070. This adhesive is an advantageous choice, in
part, because of its enhanced UV stability. There are many
other commercially available moisture cured adhesives avail-
able from companies such as, for example, 3M, SIKA, Ash-
land Chemical, Eftec, YH America, among others.

It also is possible to use other adhesive types in certain
example embodiments, such as those adhesives based upon
epoxy chemistry, acrylate chemistries, etc. The choice of
adhesive may be driven by several factors including, for
example, the types of materials being bonded, the production
friendliness of the adhesive system, etc.

The rib(s) may be formed to closely match the contours of
the panel. In other words, the rib(s) may be formed to match
the desired curvature of the panel. Such a construction helps
to reduce the likelihood of debonding and/or increases the
likelihood of the parts remaining bonded to one another. To
accommodate such designs, glass filled plastic ribs may be
molded to the appropriate shape(s), whereas steel ribs may be
roll formed.

Any ribs being attached to the panel may be suitably pre-
pared for bonding and longevity. In this regard, in certain
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example embodiment, the ribs may be e-coated, as e-coating
such ribs generally is known to reduce the need for further
priming for a polymer-based adhesive. As is known, e-coat-
ing, in general, is used to deposit a paint or lacquer coating on
a part. In e-coating, parts are dipped into a vat of the lacquer
or paint and are electrified so as to promote a reaction at the
surface, which deposits the paint. It will be appreciated that
e-coating advantageously may facilitate the bonding of one
epoxy to another epoxy.

To help ensure long term bonding, primers or adhesion
promoters may be applied to the various materials being
bonded together in certain example embodiments of this
invention. Metal primers include the use of e-coated metals,
as described above. The e-coat paint is considered a primer
system, and the e-coated surface readily bonds to urethane
adhesive, e.g., when the e-coated surface has been properly
produced in manufacturing and as long as the e-coated sur-
face has been kept dry and clean. An acceptable e-coat sup-
plier is PPG Coatings, which supplies a Powercron series of
e-coats. Dupont Chemical also provides e-coat materials that
have been tested and found acceptable.

If a metal rib is not e-coated, chemical primers may be
applied to the metal prior to the application of the adhesive.
These chemical primers generally comprise a 2-part priming
operation. The first priming step will generally be the appli-
cation of a metal primer that has a very high percentage of
aggressive solvents to remove any organic contaminates from
the surface of the metal. These first step metal primers will
also generally contain an organosilane component which will
chemically bond the metallic substrate. Although is may be
possible to apply the adhesive to this first primer layer, espe-
cially when steel is the substrate, it is generally consider
better practice to apply another urethane based primer over
the top of the first primer. Acceptable metal primer systems
include, for example, the use of Dow Automotive Metal
Primer 435-21 followed by Dow Automotive Betaprime 435-
32. Other commercially available metal primer systems are
available from Ashland Chemical, Eftec, and other chemical
suppliers.

Likewise, to ensure long term bond durability, the surface
of the glass being adhered may be primed. These glass prim-
ers may be of a 1-part primer system or a 2-part primer
system. A preferred 1-part glass primer system is Dow Auto-
motive Uniprime 16100. This adhesive developed to be used
with this glass primer is Dow Automotive Betaseal 16070.
Other 1-part glass primer systems available such as YH
America’s PC3 glass primer among others also may be used
in connection with certain example embodiments. Generally,
the performance of a 1-part glass primer system is greatly
enhanced if the glass surface to be primed is first cleaned with
a solution of IPA and water. The 2-part glass primer systems
generally comprise the first glass primer containing a high
percentage of solvents along with a small percentage of a
chemical coupler molecule such as organosilane. This first
glass primer is applied to the glass surface and wets-out the
glass surface for a specified period of time. Then, any exces-
sive glass primer is wiped away with a clean dry cloth or other
appropriate material. Next, a second primer is applied over
the first primed area. This second primer will generally com-
prise blackened, moisture-cured urethane primer. A preferred
example 2-part glass primer system is Dow Automotive
Betaprime 435-18 and Dow Automotive Betaprime 435-20A.
There are a multitude of other possible 2-part glass primer
chemical systems available from companies such as Eftec and
Ashland Chemical, among others.

The rib material also may be primed if is fabricated from a
plastic substrate. Preferable plastic primers include the Dow
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Automotive Uniprime 16100 primer if the Ticona Celstran
PUG 30 plastic is used. Depending upon the plastic used in
the rib, other appropriate plastic primers include Dow Auto-
motive’s 435-32, 3M’s 4296, 3M’s 4298, etc.

As noted above, glass or laminated glass reflector panels
may have mounting pads bonded to their surface. The stiff-
ening ribs of certain example embodiments, however, may be
used to reduce and sometimes even eliminate the need for
separate mounting pads. This is related, in part, to the ability
to include mounting features into the ribs themselves. For
example, in certain example embodiments, the ribs may
include threaded inserts, e.g., so as to help provide a connec-
tion between the reflector panels and its supporting
structure(s). The inclusion of mounting features, in general,
advantageously may help facilitate the manufacturing and/or
assembly process(es), e.g., by helping to avoid processing
steps, the creation and subsequent connection of additional
separate mounting features, etc.

The stiffening rib(s) of certain example embodiments may
be applied to any number of locations of a mirror. For
example, the stiffening rib(s) of certain example embodi-
ments may be applied on the back of the mirror (e.g., the side
away from the light source) through one or more central areas
thereof. In addition or in the alternative, the stiffening rib(s) of
certain example embodiments may be applied around the
periphery of the mirrors. It will be appreciated that “periph-
ery” as used herein does not necessarily mean absolute edge
but, rather, includes areas within a few millimeters, centime-
ters, or inches from the absolute periphery of the object.
Furthermore, the stiffening rib(s) of certain example embodi-
ments may be applied in rows and/or columns, in stripes, in
circles, in concentric circle patterns, etc. In certain example
embodiments, a single stiffening rib sized may be provided to
a single mirror. Such a stiffening rib may be smaller than or
substantially the same size as the mirror itself.

In general, the number, location, arrangement, etc., of the
stiffening rib(s) to be attached to a mirror or array of mirrors
may be determined experimentally, e.g., using a wind tunnel
test. Indeed, an EI value typically associated with solar-type
applications is about 918-1,090 pascal meters®. In certain
example embodiments, through the inclusion of one or more
appropriately sized, shaped, and/or positioned stiffening
rib(s), the level of stiffness may be increased. For example,
the level of stiffness may be increased, preferably to about
9,180-14,350 pascal meters*. In general, an order of magni-
tude (e.g., at least 10 times) increase in stiffness is desirable
and achievable using the techniques described herein. In other
words, an EI value of at least about 10,900 pascal meters*
generally would be both most preferred and advantageous.

Inview of the above, it will be appreciated that the increase
in stiftness may be measured as either relative to the assembly
without the inclusion of stiffening ribs, or as an absolute
value. In the former case, an increase in stiffness of at least
about 10 times generally would be advantageous. In the latter
case, an increase in stiffness to at least about 10,900 pascal
meters* generally would be advantageous. Of course, it will
be appreciated that higher stiffness values may be achievable
in certain example embodiments, and it also will be appreci-
ated that lower stiffness values may be acceptable depending
on the conditions actually, or expected to be, encountered.

Certain example embodiments described herein advanta-
geously may help to reduce delamination and/or breakdown
of the solar reflector components over time. This may be
facilitated, in part, by selecting materials with appropriate
CTEs. For example, at least two of the laminated or mono-
lithic mirror, the stiffening rib(s), and the adhesive may be
CTE:s that are fairly close to one another. Preferably, at least
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two of the three aforementioned components will have CTEs
that preferably are within about 50% of one another, more
preferably within about 33% of one another, still more pref-
erably within about 25% of one another, still more preferably
within about 20% of one another, still more preferably within
about 15% of one another, and still more preferably within
about 10% of one another.

UV penetration may be reduced in the laminated compo-
nents of certain example embodiments. For example, the
inclusion of an optional polyvinyl butyral (PVB) laminate
may help to filter UV radiation and thus reduce the amount of
UV radiation reaching the adhesive(s) used to bond the rib(s)
to the collector(s). For example, a PVB laminating layer may
block more than about 99% of UV radiation having a wave-
length of about 325-340 nm, which would be effective to
reduce the amount of degradation of urethane and/or prolong
the life of a urethane-based bond between the components. In
general, using the techniques described herein, for example,
certain example embodiments described herein may be
durable enough to survive a 10-30 year or so period in a desert
climate.

FIGS. 204 and 205 are cross-sectional views of stiffening
ribs according to certain example embodiments of this inven-
tion. More particularly, the FIG. 20a example embodiment
shows a stiffening rib 60a having a main body 62. A number
of spaced apart finger-like protrusions 64a protrude towards
the laminated article from the main body 62. The finger-like
protrusions 64a contact, directly or indirectly, the substrate
14 and thus add stiffness thereto. Adhesive material may be
provided in the spaces or gaps 65 between the finger-like
protrusions 64a. The example embodiment shown in FIG.
20a includes four finger-like protrusions 64a and thus
includes three spaces or gaps 65 where adhesive may be
applied. It will be appreciated that more or fewer finger-like
protrusions 64a may be included in certain example embodi-
ments.

A tab-like protrusion 69 also may protrude towards the
laminated article from the main body 62. This tab-like pro-
trusion 69 may provide a further, substantially flat surface,
thereby helping to bond the stiffening rib 60a to the substrate
14. In certain example embodiments, an opening or aperture
(not shown) also may be formed in the tab-like protrusion 69,
thereby allowing light to be focused in this area for solar
collection and/or use.

Additional finger-like protrusions 66 and 68 may protrude
from the main body 62 of the rib 60a. These finger-like
protrusions 66 and 68 may protrude from a side of the main
body 62 of the rib 60a opposite the finger-like protrusions
64a. For example, as shown in the FIG. 20a example embodi-
ment, two shorter, outer finger-like protrusions 66 are pro-
vided at opposing ends of the stiffening rib 60a, whereas two
inner, longer finger-like protrusions 68 are provided interior
to the two shorter, outer finger-like protrusions 66 and spaced
away from a center line of the rib 60a. Such an arrangement
advantageously may allow for the optional opening or aper-
ture (not shown) to be provided, along with any necessary
hoses, chambers, engines, etc. In addition, or in the alterna-
tive, such an arrangement advantageously may be used as
mounting features (e.g., as alluded to above), for example,
allowing for a simplified connection to an underlying support
structure.

Although the finger-like protrusions 66 and 68 are shown
as being differently sized and oriented, the present invention
is not so limited. In other words, the same or similar finger-
like protrusions may be used in place of differently sized
and/or shaped protrusions 66 and 68. Additionally, although
two outer finger-like protrusions 66 and two inner finger-like
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protrusions 68 are shown, more or fewer of either or both may
be implemented in connection with certain example embodi-
ments.

The FIG. 205 example embodiment is similar to the FIG.
20a example embodiment, in that it shows a stiffening rib 605
having a main body 62 similar to the stiffening rib 60a.
However, the FIG. 205 example embodiment includes only
two finger-like protrusions 645 contacting, directly or indi-
rectly, the substrate 14. These finger-like protrusions 645 of
FIG. 205 are wider than the finger-like protrusions 64a of
FIG. 20a. This enables fewer fingers to be implemented with
the same or similar increase in overall stiffness. The two
finger-like protrusions 644 of the FIG. 206 example embodi-
ment may be cut, for example, along cut lines C. The removal
of'this additional material advantageously may make the ribs
lighter while still conveying suitable increases in stiffness
and/or bonding surfaces.

It will be appreciated that the stiffening ribs of certain
example embodiments may be substantially elongate, circu-
lar, or otherwise suitably shaped. Additionally, the dimen-
sions provided in FIGS. 20a and 205 are provided by way of
example, and it will be appreciated that the stiffening ribs may
be formed to any suitable dimension.

FIG. 21 is atop view of arail mountassembly 71 according
to certain example embodiments of this invention. The rail
mount assembly 71 includes first and second rails 73a and
73b. The first and second rails 73a and 735 are substantially
parallel to one another, except where mounting pads 75a and
75b are formed. These mounting pads are similar in structure
and function to those shown in FIGS. 184 and 185. However,
mounting pads 75a and 756 may have the stiffening rib(s) of
certain example embodiments located thereunder (e.g., on a
side thereof opposite the sun). Optionally, the mounting pads
75a and 756 may have mounting features that correspond
with those provided to the stiffening ribs. For example, they
may include corresponding protrusions and recessions for
engaging with the stiffening ribs (e.g., as shown in FIGS. 20a
and 205), may include latching mechanisms, screw mecha-
nisms, etc.

It will be appreciated that other mounting pads, other rail
assemblies, troughs, arrays, etc., may be used in connection
with certain example embodiments. Also, it will be appreci-
ated that the example stiffening rib techniques described
herein may be used with any kind of reflector (e.g., mirror) for
use in a solar collector or the like. For example, it will be
appreciated that the example stiffening rib techniques
described herein may be used with flat, parabolic, spherical,
or otherwise shaped and/or arranged laminated or monolithic
mirror panels. Such mirrors may be bent according to the
example techniques described herein, or in other conven-
tional ways.

While the invention has been described in connection with
what is presently considered to be the most practical and
preferred embodiment, it is to be understood that the inven-
tion is not to be limited to the disclosed embodiment, but on
the contrary, is intended to cover various modifications and
equivalent arrangements included within the spirit and scope
of'the appended claims.

What is claimed is:
1. A stiffening rib for a reflector in a solar collector system,
comprising:

at least one area suitable for accommodating a polymer-
based adhesive for bonding the rib to a side of the reflec-
tor facing away from the sun,

wherein the stiffening rib is formed so as to substantially
match a contour of the reflector,
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wherein at least two of the rib, the reflector, and the adhe-
sive have respective coefficients of thermal expansion
within about 50% of one another, and
wherein the stiffening rib is sized and positionable on the
reflector so as to increase an EI value of the reflector at
least about 10 times or to at least about 9,180 pascal
meters”, wherein

the EI value is the value of the product of the Young’s

modulus, E, of the reflector and the second moment of
area, I, of the reflector with respect to an axis of the
reflector, the stiffening rib further comprising:

a main body;

at least two first spaced apart protrusions extending from

the main body arranged to directly or indirectly contact
the reflector, the space(s) between each said first protru-
sions being the at least one area suitable for accommo-
dating a polymer-based adhesive; and

at least two second spaced apart protrusions extending

from the main body in opposite the at least two first
spaced apart protrusions, the at least two second spaced
apart protrusions being configured to engage with cor-
responding mounting features provided to the solar col-
lector system.

2. The stiffening rib of claim 1, wherein

the stiffening rib is sized and positionable on the reflector

so as to increase an EI value of the reflector to at least
about 10,900 pascal meters*.

3. The stiffening rib of claim 1, wherein

the stiffening rib is made from roll-formed steel, an injec-

tion molded plastic or glass-filled plastic, or extruded
aluminum.

4. The stiffening rib of claim 1, wherein

at least two of the rib, the reflector, and the adhesive have

respective coefficients of thermal expansion within
about 25% of one another.

5. The stiffening rib of claim 1, wherein

the rib is e-coated.

6. The stiffening rib of claim 1, further comprising at least
one mounting feature configured to engage with correspond-
ing mounting features provided to the solar collector system.

7. A solar collector system including a plurality of reflec-
tors, each said reflector having a stiffening rib associated
therewith and attached thereto on a side facing away from the
sun, each said stiffening rib comprising:

at least one area suitable for accommodating a polymer-

based adhesive for bonding the rib to a side of the asso-
ciated reflector facing away from the sun,
wherein each said stiffening rib is formed so as to substan-
tially match a contour of the associated reflector,

wherein at least two of each said rib, the associated reflec-
tor, and the adhesive have respective coefficients of ther-
mal expansion within about 50% of one another, and

wherein each said stiffening rib is sized and positioned on
the associated reflector so as to increase an EI value
thereof at least about 10 times or to at least about 9,180
pascal meters®,

wherein

the EI value is the value of the product of the Young’s

modulus, E, of the associated reflector and the second
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moment of area, I, of the associated reflector with
respect to an axis of the reflector, each said stiffening rib
further comprising

a main body;

at least two first spaced apart protrusions extending from
the main body arranged to directly or indirectly contact
the associated reflector, the space(s) between each said
first protrusions being the at least one area suitable for
accommodating the polymer-based adhesive; and

at least two second spaced apart protrusions extending
from the main body in opposite the at least two first
spaced apart protrusions, the at least two second spaced
apart protrusions being configured to engage with cor-
responding mounting features provided to the solar col-
lector system.

8. The solar collector system of claim 7, wherein

each stiffening rib is sized and positioned on the associated
reflector so as to increase an EI value thereof to at least
about 10,900 pascal meters*.

9. The solar collector system of claim 8, wherein

each said stiffening rib is bonded to the associated reflector
at an approximate center section of the associated reflec-
tor.

10. The solar collector system of claim 8, wherein

each said stiffening rib is bonded to its associated reflector
around the periphery of the associated reflector.

11. The solar collector system of claim 7, wherein

each said stiffening rib is made from roll-formed steel, an
injection molded plastic or glass-filled plastic, or
extruded aluminum.

12. The solar collector system of claim 7, wherein

at least two of the rib, the associated reflector, and the
adhesive have respective coefficients of thermal expan-
sion within about 25% of one another.

13. The solar collector system of claim 7, wherein

each said rib is e-coated.

14. The solar collector system of claim 7, wherein

each said rib further comprises at least one mounting fea-
ture configured to engage with corresponding mounting
features provided to the solar collector system.

15. The solar collector system of claim 7, wherein

the adhesive is at least one of: a moisture-cured or two-part
reactive mixed urethane system, an epoxy, or silicone.

16. The solar collector system of claim 7, wherein

the adhesive bonding each said rib to the associated reflec-
tor is sufficiently to last about 10-30 year period in a
desert climate.

17. The solar collector system of claim 7, wherein

each said reflector is flat, parabolic, or spherical.

18. The solar collector system of claim 7, wherein

each said reflector is either a laminated or monolithic mir-
ror panel.

19. The solar collector system of claim 7, wherein

each said reflector is a laminated mirror panel include
polyvinyl butyral.

20. The stiffening rib of claim 1, wherein

the stiffening rib is a composite material rib.

21. The stiffening rib of claim 20, wherein

the composite material rib comprises a steel rib body that is
insert-molded with plastic features.
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