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DESCRIPTION

REFLECTOR ASSEMBLIES, SYSTEMS, AND METHODS FOR
COLLECTING SOLAR RADIATION FOR PHOTOVOLTAIC ELECTRICITY
GENERATION

RELATED APPLICATIONS
This application claims the benefit of U.S. Provisional Patent Application
Serial No. 60/834,143, filed July 28, 2006; the disclosure of which is
incorporated herein by reference in its entirety.

TECHNICAL FIELD
The subject matter described herein relates generally to the field of solar
energy collection and conversion. More particularly, the subject matter
described herein relates to reflector assemblies, systems, and methods for
collecting solar radiation for photovoltaic electricity generation.

BACKGROUND

Photovoltaic cells convert solar energy into electrical energy. Priorto the
invention of the photovoltaic cell, however, solar energy was stillused as a heat
source to heat various materials. For example, solar energy can be used to
heat the working fluid in a water heater or heat engine. Because the goal of
solar heating systems is the transfer of thermal energy to a medihm, reflectors
were designed to concentrate the radiation from the heat source, typically the
sun, onto the material being heated. Many of these reflectors were trough-
shaped to achieve a sharp linear focus capable of delivering high
concentrations of thermal energy.

After the invention of the photovoltaic cell, the same trough-shaped
reflectors previously used to concentrate solar energy for heating were
employed with the intent of concentrating light onto a photovoltaic cell to
increase the performance of the cell. Early adopters of trough collector
technology failed to recognize, however, that solar cells that convert visible and
near infrared radiation (i.e., having a wavelength less than 1 micron) into
electricity perform optimally undér irradiation conditions very different from
those required for the optimum collection of thermal energy. Specifically, the
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heat load introduced by focusing an image of the sun on silicon solar cells
reduces their efficiency. In addition, most solar cells mass-produced today are '
larger than the solar image formed by focusing reflectors of practical focal
length. As a result, the ability of the photovoitaic cells to convert light to
electricity was underutilized because the entire surface of the cells was not
exposed to solar energy, and the portions that were exposed received such
concentrated heat loads so as to affect the cells’ efficiency.

A few attempts have been made at designing a reflector system that
utilizes more of the surface area of current solar cells and reduces the
efficiency-draining effect of high heat loads. For example, it has been
observed that displacing the receiver a fixed distance from the sharp focus of a
parabolic reflector distributes the solar radiation, as well as the resulting heat
load, over the surface of the cell.

Despite such developments, the positioning of a photovoltaic cell with
respect to a solar radiation reflector is only one factor that affects the
performance and desirability of a solar energy collection system. Many other
considerations must be addressed to produce a cost-effective system for the
collection and conversion of solar energy that can be readily mass- produced.
For example, one such consideration is the total weight of the system.
Practitioners of the art recognize that for a concentrating solar collection
systemn to be effective, the system should be mounted on a device that tracks
the sun to maintain a high concentration of solar energy on the photovoltaic
receiver. The lighter the concentrating solar collection system, the less support
is required to carry the system and the less power is required to orient the
system with respect to the sun. Accordingly, it is advantageous to minimize the
moving weight of these systems to save on material costs for the support
structure and limit power losses associated with energizing the tracking system.

Other factors that should be considered in designing a solar energy
collection system include ease of manufacturing, cost of manufacture, and
durability. For instance, a collection system that requires injection molding or
precise machining in order to construct a reflector system that increases

photovoltaic efficiency may not be cost effective to mass produce. In addition,
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reflector systems that require glass or other fragile materials may be uﬁsuitable
for outdoor use due to potential wind or other damage.

In light of the factors that should be considered when creating a
concentrating solar collection system, there exists a need for reflector
assemblies, systemS, and methods for collecting solar radiation for photovoltaic
electricity generation.

SUMMARY

The subject matter described herein includes reflector assemblies,
systems, and methods for collecting solar radiation for photovoltaic electricity
generation.

According to one aspect, the subject matter disclosed herein includes a
solar energy reflector assembly including a flexible plate being reflective on one
surface. Supports coupled to opposing ends of the ﬂeiible plate are secured to
a frame at a span less than the distance between the opposing ends when the
flexible plate is unflexed. In this way, the flexible plate is flexed by compression
along a dimension perpendicular to the ends coupled to the supports. Further,
torquing members are coupled to the ends of the flexible plate that are coupled
to the supports. The torquing members apply a torque to the ends of the
flexible plate so that a cross section of the flexible plate forms a substantially
sinusoidal curve for producing a blurred reflection of an electromagnetic
radiation source at a predetermined distance from the reflective surface. A
photovoltaic array support supports a photovoltaic array at the predetermined
distance from the reflective surface so that the blurred image of the
electromagnetic radiation source covers a substantial portion of a receiving
surface of the photovoltaic array.

According to another aspect, the subject matter disclosed herein
includes a concentrating solar energy collecting system for photovoltaic
electricity generation having a frame, supports mounted at opposing ends of
the frame, and a flexible plate being reflective on one surface secured at its
ends to the supports. The distance between the ends of the flexible plate when
unflexed is longer than the span between the supports such that the flexible

plate is flexed by compression along a dimension perpendicular to the ends
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coupled to the supports. Torquing members.are coupled to the ends of the.
flexible plate that are coupled to the supports. The torduing members apply a
torque to the ends so that a cross section of the flexible plate forms a
substantially sinusoidal curve for producing a blurred reflection of an
electromagnetic radiation source. A photovoltaic array support supports a
photovoltaic array at the predetermined distance from the reflective surface so
that the blurred image of the electromagnetic radiation source covers a
substantial portion of a receiving surface of the photovoltaic array. A receiver
including an array of photovoltaic devices is coupled to the photovoltaic array
support, the receiver converting electromagnetic radiation into electrical energy.

According to yet another aspect, the subject matter disclosed herein
includes a method for constructing a concentrating solar energy collecting
system. A compressive force is applied to opposing ends of a flexible plate
being reflective on one surface. The opposing ends of the flexible plate are
secured to a frame at a span less than the distance between the ends when
the flexible plate is unflexed to sustain the compressive force. A torque is
applied to the ends so that a cross-section of the flexible plate forms a
substantially sinusoidal curve for producing a blurred reflection of a radiation
source at a predetermined distance from the reflective surface. A photovoltaic
collector is secured to the frame at the predetermined distance for receiving the
blurred reflection of the radiation source.

BRIEF DESCRIPTION OF THE DRAWINGS

Embodiments of the subject matter described herein will now be
explained with reference to the accompanying drawings, of which:

Figure 1 is a perspective view of an embodiment of the present subject
matter;

Figures 2a and 2b are a perspective view and an exploded view of a
photovoltaic receiver according to an embodiment of the present subject
matter;

Figure 3a is a graph of the shape assumed by a slender plate when
compressed from its ends;
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Figure 3b is a diagram illustrating light rays reflected from a reflector
formed from a slender plate when compressed from its ends;

Figufe 3cis a graph of the energy concentration of a mirror formed from
a slender plate when compressed from its ends;

Figure 4a is a diagram of the shape assumed by a slender plate when
the ends of the plate are subjected to both a compressive force and a torque in
the direction of curvature according to an embodiment of the present subject
matter;

Figure 4b is a diagram illustrating light rays reflected from a reflector
formed from a slender plate when the ends of the plate are subjected to both a
compressive force and a torque in the direction of curvature according to an
embodiment of the present subject matter;

Figure 4c is a graph of the energy concentration of a mirror formed from
a slender plate when the ends of the plate are subjected to both a compressive
force and a torque in the direction of curvature;

Figure 5 is a graph comparing the energy concentrations delivered by a
sinusoidal mirror, a parabolic mirror, and a fractional sine wave mirror;

Figure 6a and 6b are cross-sectional views of one embodiment of
supports for supporting a solar energy reflector in which torquing members are
disengaged and engaged, respectively, to apply torque to ends of the solar
energy reflector according to an embodiment of the subject matter described
herein;

Figure 7a is a perspective view of a plurality of solar energy collection
systems mounted on a firmly mounted pier; and _

Figure 7b is a perspective view of a plurality of solar energy collection
systems mounted on a tracking system capable of tilting and rotating the solar
energy collection systems.

DETAILED DESCRIPTION
Reference will now be made in detail to possible embodiments of the
present subject matter, one or more examples of which are shown in the
figures. Each example is provided to explain the subject matter and not as a

limitation. In fact, features illustrated or described as part of one embodiment
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can be used in another embodiment to yield still a further embodiment. ltis
intended that the present subject matter cover such modifications and
variations.

~ According to a well-known empirical rule of thumb (e.g. van Belle,
Meinel, & Meinel, proc. SPIE, 5489, 563) employed by astronomical telescope
designers, the cost of a monolithic telescope scales with diameter as:

C = D2.5

where C is cost and D is the diameter of the primary optic. The large exponent
reflects the difficulty in maintaining optical tolerances as the span of the mirror
increases. Based on this law, an array of small light-collecting devices is less
expensive than a single large light-collecting device. However, the law breaks
down on the small diameter end when the cost of individual parts stops
decreasing with size or the labor associated with assembling parts escalates.
This breakdown in the relationship between cost and size argues for the
production of collecting mirrors with the smallest scale that is commensurate
with easy handling during mass production and installation.

Likewise, the scale of photovoltaic cells is set by production concerns.
Processing equipment that can handle six-inch: semi-conducting wafers is
common, as is the stock necessary to produce wafers of this size.
Consequently, several manufacturers produce solar cells that are about five
inches by five inches when trimmed to their final dimensions. Among these
cells are some which are capable of operation when irradiated at 10 to 50 times
the normal solar flux. As a result, many trough-shaped collectors that feed a
single line of such cells are sized between 50 and 250 inches. The standard
dimensions of mass-produced composite sign board fall within this range and
suggest a collector design based on this inexpensive technology.

Accordingly, in one aspect, the disclosed subject matter provides a
lightweight reflecting optic that is easily handled during mass production and
installation and that is well-suited for use with standard sizes of concentrator
photovoltaic cells. Specifically, referring to Figure 1, a solar energy reflector
assembly 100 is illustrated as an example of a lightweight solar radiation

collecting system for photovoltaic electricity generation. A flexible plate 102
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reflective on one surface is coupled at opposing ends to supports 104. A
variety of materials can be used for flexible plate 102, including metal, polymer, ‘
paper, wood, fiberglass, carbon fiber, and composites or combinations thereof,
including corrugated composites or other composites incorporating air spaces.
Supports 104 can be secured to elongate members 106 to form a frame
for flexible plate 102 such that the span between supports 104 is smaller than
the unflexed length (i.e., the dimension perpendicular to the ends coupled to
the supports) of flexible plate 102. The span between supports 104 can be
fixed, or it can be adjustable to allow the modification of the amount of
compression applied to flexible plate 102, and therefore to modify the amount
of flexure of flexible plate 102. The compression of flexible plate 102 along its
length required to secure flexible plate 102 within the frame defined by elongate
members 106 causes flexible plate 102 to flex (i.e., buckie). This flexure by

compression results in flexible plate 102 having a generally sinusoidal shape

(i.e., non-parabolic) along a cross section of its length (i.e., in a plane
perpendicular to the ends of flexible plate 102 coupled to supports 104).

As aresult of this curved profile, solar radiation incident on flexible plate
102 is reflected to a receiving surface of a receiver 112 for converting
electromagnetic radiation (e.g., solar energy) into electrical energy. Receiver
112 can be coupled to a photovoltaic array support 116 positioned a
predetermined distance from the reflective surface of flexible plate 102 such
that the reflection of solar radiation from flexible plate 102 produces a blurred
reflection of the electromagnetic radiation source (e.g., the sun) on the
receiving surface of receiver 112. This blurred reflection of solar energy is
spread across a substantial portion of the receiving surface to optimize the
operation of receiver 112 in the conversion of solar energy to electrical energy.

In one implementation, for example, flexible plate 102 can be a flexible
sheet that is about four feet wide by eight feet long that is compressed at its
ends to fit within a frame that is at least marginally smaller than the eight foot
sheet (e.g., about 94 inches wide). In such a configuration, receiver 112 can
then be positioned approximately five feet (e.g. about 61 inches) above the

reflective surface of flexible plate 102 to collect the reflected solar radiation.
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Flexible plate 102 need only be supported at its ends, because the
compression by supports 104 is all that is necessary to define the substantially
sinusoidal shape. Alternatively, flexible plate 102 can be coupled to support
bar 110 so that the sinusoidal shape of flexible plate 102 can be maintained
regardless of the orientation of the solar radiation collecting system. This
additional support prevents the shape of flexible plate 102 from being deformed
by external forces, such as gravity or wind loads. For example, if the solar
radiation collecting system is configured to track the sun as it moves across the
sky to optimize the effectiveness of receiver 112, gravity could work to skew the
curved profile of flexible plate 102 towards one end or the other. To prevent
this distortion, support bar 110 can be secured to flexible plate 102 at one or
more points to help maintain flexible plate 102 in the shape defined by the
compression of mounting flexible plate 102 to the frame defined by elongate
members 106.

Receiver 112 can be any suitable photovoltaic device for converting
solar radiation into electrical energy. Figures 2a and 2b illustrate one possible
implementation of receiver 112, Referring to Figure 2a, one possible
implementation for receiver 112 is illustrated in an upward facing orientation so
that the receiving surface is visible. Receiver 112 can include a laminate
design that incorporates various layers to optimize the operation of receiver
112. Forinstance, as illustrated in Figure 2b, receiver 112 can be constructed
from an aluminum frame 204 that holds a “sandwich” including of a transparent
cover plate 206 (e.g., low iron glass), a polymer encapsulant 208 that optically
couples cover plate 206 to the sdlar cells, a linear array 210 consisting of
concentrator photovoltaic cells (e.g., nine cells each measuring 125 mm wide,
or a multiple of pieces cut from nine cells), a heat conducting but electrically
insulating film 212, and a heat sink 114. Cover plate 206 can include an
antireflective coating that maximizes power incident on linear array 210 and/or
a coating that rejects Wavelengths of light that are outside of the sensitivity
band of linear array 210. Linear array 210 can be composed of any of a variety
of photovoltaic cells such as monocrystalline silicon, polycrystalline silicon,
amorphous silicon, laser grooved buried contact, back contact, or multi-

junction.
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Regarding heat sink 114, according to another rule-of-thumb, the area of
heat dissipating surface required for a collecting system to operate efficiently is
roughly equal to the collecting area. Thus, an extruded aluminum finned
structure or bonded fin device such as is shown in Figures 1, 2a and 2b can
serve as heat sink 114 to create the surface area necessary to dissipate the
heét load effectively while occupying a relatively small space. Alternatively, if
the heat load from the solar cells (e.g., linear array 210) is coupled to a surface
of flexible plate 102, the cost and weight associated with heat sink 114 can be
removed. For instance, receiver 112 can be coupled to the rear surface of
flexible plate 102 by a passive heat pipe employing methanol or other working
fluid. In still other embodiments, receiver 112 can be mounted to the front
surface of flexible plate 102, requiring the use of a secondary optic (e.g., flat or
curved mirror) to direct light to the solar cells. Regardless of the specific
configuration, a forced flow of air or water over receiver 112 and/or heat sink
114 can be introduced to aid in the dissipation of heat.

The operational shape of flexible plate 102 helps to prevent the
development of excessive heat loads by distributing the reflected light over a
substantial portion of the surface of receiver 112. A sinusoidal shape, such as
is defined by the compression of flexible plate 102 described above, is more
advantageous than the usual parabola advocated by many designs for solar
concentrators. This advantage is especially apparent in systems that employ
reflectors of modest focal length (e.g., less than 2 meters) and solar cells of
relatively large size (e.g., greéter than 50 mm). Parabolic reflectors are
designed to focus a reflected image to a single point (or line for a trough
reflector). Because of this design, there is a mismatch between the image size
that would be formed by a parabolic reflector and the size of relatively large
solar cells.

In contrast, a sinusoidal mirror does not have a single focal point (or
focal line). Instead, a sinusoidal mirror produces a blurry image. As aresult, a
sinusoidal mirror produces a concentration of light more diffuse than the sharp
image produced by a parabolic shape. Further, a solar radiation collecting
system having such a shape has an advantage over other devices and
methods for creating a distributed reflection of solar energy in that it allows

-0-



WO 2008/013976 PCT/US2007/016972

10

15

20

25

adjustment of the concentration factor without the need to change the distance
between the reflector and the receiver.

To create a solar radiation collecting system having a generally
sinusoidal shape so as to realize the advantages described above, the subject
matter described herein relies on the. natural bending property of a structural
member compressed at its end. A sheet of material with uniform modulus of
elasticity and cross section, when compressed from the ends in the absence of
other forces, will assume a generally sinusoidal shape according to the well-
known Bernoulli-Euler beam loading formula. As long as the ends of the
curved reflecting plate are free to rotate, the depth of flexure is small compared
to the sheet length, and distortions due to gravitational load are negligible, the
theoretical shape of the sheet along its curved dimension is a sine wave.

This shape can be demonstrated by considering the bending moment of
a plate compressed at its ends with a force P. The bending moment M=Pyis
related to the radius of curvature R; as M = -Y // R;, where Y is the Young’s
modulus of the plate, / is its moment of inertia, and y is the deflection of the
plate at a given distance x from the end of the plate. For small deflections, the
second derivative of the defiection is the reciprocal of the radius of curvature,
yielding the Euler Equation:

d*y P
+—y=0.
e vr”

The solution to this equation is as follows:

y = Asin 1/—11 x |+ Bcos 1’-}: x
Y1 Y7

Applying the boundary condition that the ends (x = 0, L) have no
deflection (but are free to rotate), eliminates the cosine solution yielding the

(e~

. -10-

following relationship:
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As a result, the shape of the curved plate is a half cycle of a sine wave
as shown in Figure 3a. Figure 3b shows, however, that an optic of this shape
can produce an image that is too diffuse for some applications. As can be
seen in Figure 3b, a relatively large receiving surface (i.e., much larger than the
receiving surface depicted) would be required to capture all of the energy
reflected from the curved plate having this shape. Viewed another way,
referring to Figure 3c, a curved reflector in the shape of a half cycle of a sine
wave does not produce a large flux density so as 1o maximize photovoltaic
efficiency.

If, however, the ends of the curved plate are also subjected to equal but
opposite torques in the same direction as the induced curvature, then the
shape of the curved plate in the small deﬂecfion limit becomes a segment less
than half a cycle of a sine wave. Forinstance, Figure 4ais a representation of
a cross-section of flexible plate 102 from Figure 1. When the ends of flexible
plate 102 secured to supports 104 are free to rotate, they are inflection points
with zero-curvature. Applying a torque to the ends introduces a curvature, and
moves the inflection points to virtual ends 404 beyond the end of flexible plate
102. Viewed another way, if a longer plate was mounted with its ends at the
locations of virtual ends 404, and then the long plate was grasped at points
corresponding to the positions of supports 104 without disturbing the sinusoidal
shape of the long plate, cutting away virtual sections 406 of the sheet would
produce a segment less than half a cycle of a sine wave. What would remain
is a fraction of a sinusoid that requires torque at its ends to maintain its shape.
For example, the fraction used in Figures 4a through 4c is 0.11857 of a whole
period (compare with 0.5 of a whole period for the mirror hinged at its ends
without torque). As shown in Figure 4b, this configuration produces a diffuse
image that is smaller than that of a half sine wave configuration but still greater
than a parabolic distribution, making it appropriate for common sizes of
photovoltaic cells (e.g., 125 mm). As is shown in Figure 4c, this shape
produces a relatively higher energy flux over the receiving surface than a half
cycle of a sine wave.

Referring to Figure 5, the illumination provided by the shape of the solar
concentrating reflector described by the present subject matter is compared to
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that of a perfect parabola and a half cycle sine wave. The solar receiving
surface (e.g., photovoltaic celis) of the disclosed subject matter intercept light
over a 0.125 m linear width, which is narrower than the distribution of light
formed by the half cycle sine wave. Conversely, a parabolic shaped reflector
would make too narrow a focal line, causing local heating and higher Ohmic
dissipation, reducing the efficiency of the photovoltaic devices. As can be seen
by this comparison, a solar reflector having a profile generally in the shape of a
fractional sine wave can effectively concentrate incident solar radiation over a
wider surface than a parabolic reflector, but with a greater relative flux than a
half sine wave reflector. In this way, such a shape provides a balance between
concentrating the solar energy to maximize the output of the photovoltaic cells
and diffusion of light to avoid degrading the efficiency of the photovoltaic cells.

Accordingly, referring again to Figure 1, torquing members 108 can be
provided to modify the shape of flexible plate 102. Torquing members 108 can
apply a torque to the ends of flexible plate 102 so that it forms a substantially
sinusoidal curve, or, more particularly, a curve that is less than one-half cycle of
a sine wave. For example, torquing members 108 can include fasteners for
coupling the ends of flexible plate 102 to supports 104 that are rotatable on the
frame defined by elongate members 106. In this regard, supports 104 can be
rotated to an angle that applies the desired amount of torque to the ends of
flexible plate 102. Once the angle is defined, the fasteners can be secured to
lock the ends of flexible plate 102 into place. Such a configuration can involve
a lever and clamp, ratchet and pawl, lever and manually adjustable screw, or
optimally oriented slot and key.

Alternatively, supports 104 can be fixedly secured to the frame at a
specific angle. The fixed angle can be designed to impart a torque on flexible
plate 102 so as to create a desired shape. In this alternative, torquing
members 108 can include an angled member defining the end condition for
flexible plate 102 and a locking member for aligning the ends of flexible plate
102 with the angled member and securing the ends in place. As illustrated in
Figure 6a, the ends of flexible plate 102 are positioned between the fixed-angle
angled member and the locking member. A fastener (e.g., bolt, clamp) presses
the locking member against flexible plate 102, forcing flexible plate 102 to align
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with the angled member. Further, as illustrated in Figure 6b, if a bolt is used to
press the locking member against flexible plate 102, the opening in the angled
member through which the bolt passes can be elongated to account for the
rotation of the fastener as it is secured and the lateral movement of the sheet
along the angular member.

In either configuration, torquing members 108 can be configured to allow
the ends of flexible plate 102 to translate along supports 104 until torquing
members 108 are fully engaged and the desired torque is fixed. In other words,
as the angle at which the ends of flexible plate 102 are coupled to supports 104
is changed, because of the fixed length of flexible plate 102, each end of
flexible plate 102 has a tendency to slip inwardly (e.g., towards the opposite
end) to maintain the natural curvature associated with the defined end
condition. Otherwise, torquing the ends of flexible plate 102 would effectively
apply a tensile force that would prevent flexible plate 102 from achieving a
fractional sine wave shape. By allowing this slipping to occur, the shape of
flexible plate 102 is defined by the end conditions set by torquing members 108
and not by the stretching of flexible plate 102 between supports 104.

Further, the design of supports 104 and torquing members 108 can be
such that flexible plate 102 can be easily removed for cleaning, repair, or
replacement, and can be returned to its previous position with the previously
applied torsion on its ends. Also, torquing members 108 can be configured
such that they do not cast a shadow on flexible plate 102, and thus do not
impair the effectiveness of the solar radiation collecting system.

in one particular example of the solar energy reflector assembly
described hereinabove, flexible plate 102 can be a composite of polycarbonate
with aluminum face sheets measuring 4 mm thick, 96” in the curved dimension,
and 48" in the perpendicular dimension. These dimensions are a standard size
for mass-produced sign board, and as a result, the materials for this
component are widely available. For instance, the product sold in this size
under the brand name Dibond has sufficient stiffness to maintain adequate
optical figure when mounted as described hereafter to serve as flexible
plate 102.
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A standard sheet of 4 ft x 8 ft, 4mm Dibond can be polished on one of
the aluminum surfaces until it has a specﬁlar finish. Alternately, a reflecting
film such as the enhanced spectral reflector (ESR) film sold by 3M Corporation
of St. Paul, Minnesota, can be affixed to flexible plate 102, or flexible plate 102
can be provided with some other reflective coating. Further, flexible plate 102
can be overcoated with a clear protective layer (e.g., polyurethane coating) to
prevent corrosion and/or oxidation of the underlying reflective surface. Two stiff
bars serving as supports 104 can be mounted to each end of flexible plate 102
to compress flexible plate 102 from its ends until it curves to fit into a
preconstructed frame. In the embodiment depicted in Figure 1, supports 104
can be free to rotate about their axes until the locking nuts (i.e., fasteners)
serving as torquing members 108 are tightened. Support bar 110 can be
attached to flexible plate 102 along a single line across its center such that it
does not disturb the natural shape of flexible plate 102 defined by the
compression by the frame and torsion by torquing members 108. The use of
support bar 110 can serve to counteract the changing effects of gravitational
loads as the plate is rotated about one or more axes (e.g., rotation to follow the
diurnal motion of the sun). Receiver 112 faces downward in this embodiment,
to collect radiation reflected from the curved reflective surface of flexible plate
102.

In this particular example depicted in Figure 1, a torque can be applied
to supports 104 until flexible plate 102 assumes a sinusoidal shape having the
desired wave fraction. The supports 104 can then be locked in this orientation
by engaging torquing members 108 (e.g., tightening a fastener). Subsequently,
support bar 110 can be positioned to just touch the center of flexible plate 102
while the frame is in a horizontal orientation. Support bar 110 can then be .
attached to flexible plate 102 with fasteners along the line at which the
elements contact each other.

In an alternate embodiment, a lightweight foam mirror can serve as

- flexible plate 102. To mold such a lightweight foam mirror to have the desired

sinusoidal profile, a rectangular mold can be provided having a bottom
consisting of a sheet of flexible material (e.g., Dibond) flexed into a shape the
inverse of the configuration shown in Figure 1 (i.e., concave sinusoidal curve
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facing downward). The mold can be filled with expandable foam, such as
polyurethane or polystyrene, to produce a lightweight, inexpensive mirror
having a generally sinusoidal shape as has been described hereinabove.

In another aspect, the disclosed subject matter provides an array of
lightweight solar radiation collectors for the concentration and conversion of
solar radiation to electric energy. Referring to Figures 7a and 7b, a plurality of
collecting assemblies 100 is mounted on a firmly mounted pier or tracking
system 602. The collecting assemblies 100 can be capable of rotating together
both azimuthally and in elevation, driven by motors under electronic control.
The firmly mounted pier or tracking system 602 can be tall enough (e.g., drive
head sitting 10-12 feet above the ground) to allow for a wide range of motion
for the plurality of collecting assemblies 100. The computer control system can
receive feedback in the form of power generation levels and can, therefore, be
able to optimize solar tracking to maximize the instantaneous power
production.

In addition, the subject matter described herein can include a control
system that alters the fraction of the sinusoid assumed by flexible plate 102 to
maintain an optimal distribution of energy across the receiving surface of
receiver 112. Alternatively, the position of receiver 112 can be adjusted relative
to flexible plate 102 to optimize the output power of the array of photovoltaic
devices. In one example, instantaneous power from receiver 112 can be input
to an electronic control unit, which drives motors to bend flexible plate 102 into
the desired shape to maintain an optimal power distribution. By including a
measurement of the instantaneous power from receiver 112 to an electronic
control unit, and by driving motors from this same electronic control unit, it is
possible to continuously provide nearly optimal torque to the system. This
configuration can maintain the optimal fraction of a sine wave at all times.

One way to implement-such a configuration can be the use of
programmatic computer control. The program can vary the torque up and
down at a specified period (e.g., 1 Hz). For example, the maximum value from
each sweep can be selected as the new optimal torque. In an alternative
approach that would be less sensitive to noise and external events (e.g., cloud
cover variation, wind), the component of variation in the signal that corresponds
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to the drive frequency can be extracted. For instance, the procedure can
involve performing a Fourier transform of the signal, zeroing the components
far from the drive frequency using an appropriate windowing function, and then
performing the inverse Fourier transform on the filtered signal.

In yet another aspect, the disclosed subject matter provides a method
for constructing a concentrating solar energy collecting system in which a
compressive force is applied to opposing ends of a flexible plate being
reflective on one surface. The opposing ends of the flexible plate can be
secured to a frame at a span less than a distance between the ends when the
flexible plate is unflexed. This securing of the flexible plate to the frame
sustains the applied compressive force. A torque can be applied to the ends
so that a cross-section of the flexible plate forms a substantially sinusoidal
curve for producing a blurred reflection of a radiation source at a predetermined
distance from the reflective surface. A photovoltaic collector can then be
secured to the frame at the predetermined distance for receiving the blurred
reflection of the radiation source. A heat sink can be attached in
communication with the photovoltaic collector for dissipating heat from the
photovoltaic collector.

The step of securing the flexible plate to the frame can entail coupling
supports to the opposing ends of the flexible plate and coupling the supports to
the frame. If supports are provided, the step of applying a torque can involve
rotating the supports to define an angle at which each end of the flexible plate
is secured to the frame and locking the supports at the angle. Alternatively, the
step of applying a torque can involve using fasteners to fasten the ends of the
flexible plate to the supports at an angle defined by the supports and allowing
the flexible plate to translate along the supports as the fasteners are tightened.
As a result of either of these alternatives, the cross-section of the flexible plate
forms a curve of less than one-half cycle of a sine wave.

It will be understood that various details of the presently disclosed
subject matter may be changed without departing from the scope of the
presently disclosed subject matter. Furthermore, the foregoing description is
for the purpose of illustration only, and not for the purpose of limitation.
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CLAIMS

What is claimed is:

1.

A solar energy reflector assembly comprising: .

(a)
(b)
(©

(d)

(e)

a flexible plate being reflective on one surface;

supports coupled to opposing ends of the flexible plate;

a frame securing the supports at a span less than a distance
between the opposing ends when the flexible plate is unﬂéxed,
whereby the fiexible plate is flexed by compression along a
dimension perpendicular to the ends coupled to the supports;
torquing members coupled to the ends of the flexible plate that
are coupled to the supports for applying a torque to the ends so
that a cross section of the flexible plate forms a substantially
sinusoidal curve for producing a blurred reflection of an
electromagnetic radiation source at a predetermined distance
from the reflective surface; and '

a photovoltaic array support for supporting a photovoltaic array at
the predetermined distance from the reflective surface so that the
blurred image of the electromagnetic radiation source covers a
substantial portion of a receiving surface of the photovoltaic
array.

The assembly of claim 1, wherein the span between the supports is

adjustable such that the flexure of the flexible plate can be changed.

The assembly of claim 1, wherein the curve is non-parabolic.

The assembly of claim 3, wherein the curve is sinusoidal and the

torquing members apply such a forque that the curve is less than one-

half cycle of a sine wave.
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The assembly of claim 1, wherein the torquing members each comprise
an angling member for rotating the support to define an angle at which
the end of the flexible plate is coupled within the frame and a locking
member for fixing the support at the angle defined by the angling
member. '

The assembly of claim 1, wherein the torquing members each comprise
a fastener for coupling the end of the flexible plate to the support where
the flexible plate is free to translate along the support as the fastener is
tightened.

The assembly of claim 1, wherein the flexible plate is coupled to the
frame only at its ends.

The assembly of claim 1, wherein the flexible plate is supported on the
frame at one or more location such that the shape of the flexible plate
defined by the compression by the frame and the torsion by the torquing
members is not altered by forces external from the assembly.

The assembly of claim 1, wherein the torquing members are positioned

to avoid shadowing of the reflective plate with respect to the
electromagnetic radiation source.
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10.

11.

12.

PCT/US2007/016972

N

A concentrating solar energy collecting system for photovoltaic electricity

generation comprising:

(a)
(b)
(c)

(d)

(e)

M

a frame;

supports mounted at opposing ends of the frame;

a flexible plate being reflective on one surface secured at its ends
to the supports, the distance between the ends of the flexible
plate when unflexed being longer than the span between the
supports such that the flexible plate is flexed by compression
along a dimension perpendicular to the ends coupled to the
supports;

torquing members coupled to the ends of the flexible plate that
are coupled to the supports for applying a torque to the ends so
that a cross section of the flexible plate forms a substantially
sinusoidal curve for producing a blurred reflection of an
electromagnetic radiation source;

a photovoltaic array support for supporting a photovoltaic array at
the predetermined distance from the reflective surface so that the
blurred image of the electromagnetic radiation source covers a
substantial portion of a receiving surface of the photovoltaic
array; and

a receiver including an array of photovoltaic devices coupled to
the photovoltaic array support, the receiver converting
electromagnetic radiation into electrical energy.

The system of claim 10, wherein the curve is sinusoidal and the torquing

members apply such a torque that the curve is less than one-half cycle

of a sine wave.

The system of claim 10, wherein the position of the receiver relative to

the flexible plate is adjustable to optimize the output power of the array

of photovoltaic devices.
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13.

14.

15.

16.

17.

The system according to claim 10, further comprising a heat sink for
dissipating heat from the receiver.

The system of claim 10, wherein the photovoltaic devices comprise solar
cells.

The system of claim 10, wherein the torquing members are positioned to
avoid shadowing of the reflective plate with respect to the
electromagnetic radiation source.

A method for constructing a concentrating solar energy collecting

system, the method comprising:

(@)  applying a compressive force to opposing ends of a flexible plate
being reflective on one surface;

(b) securing the opposing ends of the flexible plate to a frame at a
span less than a distance between the ends when the ﬂexiblé
plate is unflexed to sustain the compressive force;

(c) applying a torque to the ends so that a cross-section of the
flexible pléte forms a substantially sinusoidal curve for producing
a blurred reflection of a radiation source at a predetermined
distance from the reflective surface; and

(d) securing a photovoltaic collector to the frame at the
predetermined distance for receiving the blurred reflection of the
radiation source.

The method of claim 16, wherein securing the flexible plate to a frame

comprises coupling supports to the opposing ends of the flexible plate
and coupling the supports to the frame.
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18.

19.

20.

The method of claim 17, wherein applying a torque comprises rotating
the supports to define an angle at which each end of the flexible plate is
secured to the frame and locking the supports at the angle, whereby the
cross-section of the flexible plate forms a curve of less than one-half
cycle of a sine wave.

The method of claim 17, wherein applying a torque comprises using
fasteners to fasten the ends of the flexible plate to the supports at an
angle defined by the supports and allowing the flexible plate to translate
along the supports as the fasteners are tightened, whereby the cross-
section of the flexible plate forms a curve of less than one-half cycle of a
sine wave.

The méthod of claim 16, further comprising attaching a heat sink in

communication with the photovoltaic collector for dissipating heat from
the photovoiltaic collector.
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