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Fig. 1B 
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CONCENTRATING PHOTOVOLTAC SOLAR 
PANEL HAVING ONE ORMORE 

CONCENTRATORMODULES ORMODULE 
GROUPS THAT ARTICULATE IN PLACE 

PRIORITY CLAIM 

0001. The present nonprovisional patent Application is a 
continuation application of and is entitled to the benefit of the 
filing date of pending application Ser. No. 1 1/454,441, filed 
on Jun. 15, 2006, and titled PLANAR CONCENTRATING 
PHOTOVOLTAIC SOLAR PANEL WITH INDIVIDU 
ALLY ARTICULATING CONCENTRATOR ELEMENTS, 
which in turn claims priority under 35 USC S 119(e) from U.S. 
Provisional Patent Application having Ser. No. 60/691.319, 
filed on Jun. 16, 2005, and titled PLANAR CONCENTRAT 
ING PHOTOVOLTAIC SOLARPANEL WITH INDIVIDU 
ALLY ARTICULATING CONCENTRATOR ELEMENTS, 
wherein the entireties of said patent applications are incorpo 
rated herein by reference. 

FIELD OF THE INVENTION 

0002 The present invention relates to photovoltaic power 
systems, photovoltaic concentrator modules, and related 
methods. 

BACKGROUND OF THE INVENTION 

0003 Solar panels are generally well known. It is desir 
able to produce Solar panels that either produce more power 
and/or that cost less. 

0004 One approach has been to attempt to produce more 
power per panel by using more efficient Solar cells such as by 
changing a product design from using a cell that is, say, 25% 
efficient to one that is, say, 37% efficient. 
0005. Another approach has been to concentrate sunlight, 
so that a smaller Solar cell can be used, while still producing 
approximately the same power. Prior art has developed pho 
tovoltaic Solar concentrators that have attempted to make use 
of this principle to varying degrees. 
0006 To date, photovoltaic solar concentrators have gen 
erally taken one of two approaches—either build a large 
reflective trough or dish or a field of articulating mirrors 
which reflect light to a central point, where it is converted to 
power (such as by Solar Systems of Victoria, Australia and by 
Gross et al., U.S. Pat. No. 2005/0034751), or tightly pack a 
large number of Small concentrators into a large panel which 
articulates rigidly to follow the Sun (such as by Chen, U.S. 
Pub. No. 2003/0075212 or Stewart, U.S. Pub. No. 2005/ 
0081908). See also the Matlocket al. reference (U.S. Pat. No. 
4,000,734), which discloses elongated reflectors mounted for 
movement around a heating tube arranged in the linear focus 
of the reflectors and a tracking mechanism. 
0007. A recent third approach that has appeared in the 
prior art (Fraas et al., U.S. Pub. No. 2003/0201007) is to 
attempt to combine the advantages of concentration with the 
convenience of the form factor of an ordinary Solar panel. 
Fraas etal, show multiple approaches that attempt to solve the 
cost/performance/convenience problem. 
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0008. An approach to produce a flat solar concentrator was 
to place rows of small concentrators in a “lazy Susan' rotating 
ring (Cluff, U.S. Pat. No. 4,296,731). 

SUMMARY OF THE INVENTION 

0009. The present invention provides numerous solutions 
helpful singly or in combination to overcome and/or alleviate 
one or more of the problems present in prior art Solar concen 
trators. 
0010 For example, the present invention can provide a 
concentrating Solar panel that in preferred embodiments may 
be approximately the size of traditional Solar panels. As 
another example, the present invention can produce as much 
or more power than an equivalently-sized Solar panel in many 
representative embodiments. 
0011. As yet another example, the present invention can 
allow the use of traditional flat-panel installation techniques if 
desired. 
0012. As yet another example, rather than packing the 
individual concentrators right next to each other, many 
embodiments of the present invention may leave some 
amount of space between the individual concentrators if 
desired, so that they are free to move in place and track the 
Sun, and so that they operate without shading each other 
through a larger portion of the day and of the year. This 
innovation would allow the panel to lie flat on the roof rather 
than having to point the entire panel at the Sun and would 
allow a more cost-effective use of the individual concentra 
tors by increasing their overall daily exposure to sunlight. 
0013 These innovations are important breakthroughs, 
because they will allow concentrating Solar panels, with their 
higher efficiencies and lower costs, to penetrate markets cur 
rently dominated by traditional flat-panel Solar, greatly reduc 
ing cost and increasing the acceleration of deployment of 
solar into the market. In preferred embodiments, this allows 
current flat-panel Solar installers to use their existing mount 
ing hardware and installation techniques, and even sales and 
marketing techniques, to deploy concentrating Solar. Thus the 
invention combines the advantages (e.g., cost advantages) of 
concentrating Solar with the market acceptance and form 
factor advantages of traditional flat photovoltaic panels. 
0014. According to one aspect of the present invention, a 
photovoltaic power system includes a Support structure, a 
plurality of photovoltaic concentrator modules, and a source 
of self-power. The plurality of photovoltaic concentrator 
modules are coupled to the Support structure Such that a 
module is moveable relative to the support structure. The 
Support structure includes at least one interface that is struc 
tured to mate with existing Solar panel mounting hardware. 
Each module comprises at least one photovoltaic receiver and 
at least one optical concentrator which optically concentrates 
incident light onto at least one corresponding photovoltaic 
receiver. The source of self-power is operatively coupled to 
the photovoltaic power system. 
0015. According to another aspect of the present inven 
tion, a photovoltaic power system includes a Support struc 
ture, a plurality of photovoltaic concentrator modules, and a 
heat-dissipating element. The plurality of photovoltaic con 
centrator modules are Supported by the Support structure in a 
manner Such that a module is independently moveable with 
respect to the Support structure. Each module includes at least 
one photovoltaic receiver and at least one optical element that 
concentrates incident light onto at least one corresponding 
photovoltaic receiver. The heat-dissipating element includes 
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at least one fin that is parallel to the optical axis of an optical 
element of a module. The heat dissipating element is located 
at least partially within a volume of the module which is 
swept out by the module as it articulates, intersected with the 
Volume of the concentrator in which incident light rays are 
present in the optical system. 
0016. According to yet another aspect of the present 
invention, a photovoltaic concentrator module includes at 
least one photovoltaic receiver, at least one optical element, 
and a heat-dissipating element. At least one photovoltaic 
receiver converts incident Sunlight into electrical energy. At 
least one optical element concentrates incident light onto the 
photovoltaic receiver. The heat-dissipating element is located 
at least partially within a volume of the module which is 
swept out by the module as it articulates, intersected with the 
Volume of the concentrator in which incident light rays are 
present in the optical system. 
0017. According to yet another aspect of the present 
invention, a method is provided of providing a photovoltaic 
power system including the step of configuring a Support 
structure of a photovoltaic power system to have a form factor 
that is compatible with a pre-existing, non-concentrating, flat 
Solar panel. The photovoltaic power system includes a Sup 
port structure and a plurality of photovoltaic concentrator 
modules Supported by the Support structure in a manner Such 
that at least one module is moveable with respect to the 
Support structure. 
0018. According to yet another aspect of the present 
invention, a method of installing a photovoltaic power system 
is provided that includes the steps of 1) providing mounting 
hardware for a flat Solar panel, 2) providing a photovoltaic 
power system that has a form factor compatible with the 
mounting hardware for a flat Solar panel, and 3) installing the 
photovoltaic power system using the mounting hardware for 
a flat solar panel. The photovoltaic power system includes 1) 
a stationary, rigid Support structure, and 2) a plurality of 
photovoltaic concentrator modules movably Supported upon 
the stationary, rigid Support structure. 
0019. According to yet another aspect of the present 
invention, a photovoltaic concentrator module assembly 
includes a frame, an array of photovoltaic concentrator mod 
ules, a tracker system, and a source of power. The array of 
photovoltaic concentrator modules are mounted to the frame 
in a manner such that the modules articulate relative to the 
frame. Each module includes at least one photovoltaic 
receiver that converts incident Sunlight into electrical energy 
and at least one optical element that concentrates incident 
light to the photovoltaic receiver. The tracker system is opera 
tively coupled to the assembly and moves at least one of the 
modules based on a direction of incoming Sunlight. The 
Source of power is operatively coupled to the tracker system. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0020 FIG. 1A shows a perspective view from above of an 
embodiment of a photovoltaic power system according to the 
present invention. 
0021 FIG. 1B shows a perspective view from below of the 
photovoltaic power system in FIG. 1A. 
0022 FIG. 2A shows a perspective view from the side of a 
concentrator module illustrated in the photovoltaic power 
system in FIG. 1A. 
0023 FIG.2B shows a perspective view from below of the 
concentrator module illustrated in FIG. 2A. 
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0024 FIG.2C shows the orientation of the heatsink fins of 
the concentrator module illustrated in FIG. 2A relative to 
incoming Sunlight. 
0025 FIG. 3 shows a perspective view of an alternative 
embodiment of a photovoltaic power system according to the 
present invention. 
0026 FIG. 4 shows a perspective view of an alternative 
embodiment of a photovoltaic power system according to the 
present invention. 
0027 FIG. 5A shows a schematic diagram of a power 
circuit for an alternative embodiment of a photovoltaic power 
system according to the present invention. 
0028 FIG. 5B shows an enlarged perspective view of a 
portion of the photovoltaic power system referred to in FIG. 
5A that includes an actuating motor and control unit. 
0029 FIG. 6A shows a perspective view from the side of a 
concentrator module illustrated in FIG. 5A. 
0030 FIG. 6B shows a perspective view from below of the 
concentrator module illustrated in FIG. 6A. 
0031 FIG. 7 shows a perspective view of an alternative 
embodiment of a photovoltaic power system according to the 
present invention. 
0032 FIG. 8 shows a perspective view of an alternative 
embodiment of a photovoltaic power system according to the 
present invention. 
0033 FIG. 9 shows a perspective view of an alternative 
embodiment of a photovoltaic power system according to the 
present invention. 
0034 FIG. 10 shows a diagrammatic view of an alterna 
tive shared control architecture. 
0035 FIG. 11 shows an optional cover for the photovoltaic 
power system referred to in FIG. 5A. 
0036 FIG. 12 shows an optional cover for the concentrator 
module illustrated in FIG. 5A. 
0037 FIG. 13 shows a first alternative concentrating ele 
ment. 

0038 FIG. 14 shows a second alternative concentrating 
element. 
0039 FIG. 15 shows a third alternative concentrating ele 
ment. 

0040 FIG. 16A shows a fourth alternative concentrating 
element. 
0041 FIG. 16B shows the reflective rings portion of the 
concentrating element in FIG. 16A with the remaining por 
tions removed. 

DETAILED DESCRIPTION OF PRESENTLY 
PREFERRED EMBODIMENTS 

0042. In the embodiments described below, the same ref 
erence characters are used to describe features that are the 
same among the embodiments. 
0043. A first embodiment of a photovoltaic power system 
according to the present invention is shown in FIGS. 1A-2C. 
Photovoltaic power system 1 includes a plurality of moveable 
Solar concentrator modules 2. Each Solar concentrator mod 
ule 2 is about 9.5 inches in diameter. As shown, Solar concen 
trator module 2 includes reflector 4 as an optical element to 
concentrate Sunlight to high intensity so that it can be used to 
create electricity. Reflector 4 directs the concentrated sunlight 
to receiver 6, which includes one or more solar cells, which 
can be any kind of photovoltaic electricity generator that 
converts light into electricity. 
0044. In this embodiment, the concentrated sunlight is 
used for creating electricity, but the Sunlight could alterna 
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tively be used for any purpose, e.g., heating water or cooking 
food. The present concentrating photovoltaic electricity gen 
erator uses optics to concentrate light onto the Solar cell(s), 
producing a proportionately larger amount of electricity than 
the cell(s) would produce under normal illumination. 
0045. In addition to the solar concentrator modules 2, the 
embodiment includes linkage 12, motors 14, control unit 16, 
frame 20, self-power panel 22, and circuit 26. 
0046. A solar concentrator module is any device which 
uses some optical element (e.g. reflector 4), Such as a lens, 
reflector, or Solar trap, to concentrate Sunlight onto a target, 
where it may perform some useful function. 
0047. In addition to reflector 4, each solar concentrator 
module 2 also includes receiver 6, heat sink 7, and yoke 
mechanism 10. FIG. 2A shows a perspective view of an 
individual Solar concentrator module 2 used in System 1, 
while FIG. 2B shows a perspective view from below the 
individual Solar concentrator module 2. The Solar concentra 
tor module 2 shown in FIGS. 2A and 2B could include an 
optional tracking sensor unit 18, which informs the electronic 
control unit 16 of the position of the Sun; preferably this is 
present on only some of the concentrators 2, for example, on 
one, two, three, or four of the Solar concentrator modules 2. 
0.048 Reflector 4 of an individual solar concentrator mod 
ule 2 is shown as a rounded rectangle, and the concentrator 
modules of the embodiment are arranged in a rectangular 
grid. In alternative embodiments, the concentrator reflector 
can be any shape, and the concentrator modules can be 
arranged into any layout, that is Suitable, including but not 
limited to diamond-shaped, hexagonal, square, round, or 
elliptical (see FIGS. 7-9). As shown in FIG. 2C, incoming 
sunlight 58 is reflected off of reflector 4 and directed to 
receiver 6. 

0049. The invention described can make use of any sort of 
photovoltaic device, including but not limited to traditional 
silicon Solar cells, so-called thermal photovoltaic cells, high 
tech multi-junction cells, or even other technologies Such as 
combinations of several kinds of solar cells. The preferred 
embodiment shown in FIGS. 1A-2C envisions using triple 
junction cells commercially available from Spectrolab, Inc., 
Sylmar, Calif., or the like in the receivers 6 in order to achieve 
a power output in excess of 200 watts peak, which is com 
mensurate with the output of flat photovoltaic panels of the 
same size on the market today. 
0050. Due to the intensity of the solar radiation that is 
concentrated on the solar cell, the cell's temperature desirably 
is managed by a cooling system. While the preferred embodi 
ment uses a passive heat sink 7 to cool the Solar cell and 
receiver, the invention is not specific as to the sort of cooling 
system that is used and can make use of forced air or liquid 
cooling as well. 
0051 Heat sink 7 has features including a plurality offins 
8 for passive heat dissipation, a flat surface for mounting the 
receiver 6, and a cutout 9 to allow light to reach the receiver 6. 
The complete heat sink 7, as can be seen in FIGS. 1A and 
2A-2C, in the preferred embodiment, is designed such that 
the fins 8 are placed parallel to the optical axis of the module. 
In this way, only the edges, e.g., the thickness of the heat sink 
fins 8, actually block the sunlight. This allows a very large fin 
area to be achieved with little reduction in the amount of 
collected Sunlight. Advantageously, at least portions, and 
more preferably at least substantially all of the fins 8 are 
positioned within the volume of the concentrator module 
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under concentrated illumination, or as can be seen by refer 
ence to, e.g., FIG. 2C as that Volume in which light rays are 
converging towards a focus. 
0052. As shown with respect to the illustrated module, this 
Volume generally at least includes the approximately cylin 
drical region that is both above the reflector 4 and below the 
receiver 6, as well as a portion of the region above the receiver. 
In the preferred embodiment, as can be seen in FIG. 2C, the 
fins of the heat sink 7 are aligned parallel with the adjacent 
rays of sunlight 58 and placed within the volume of the 
concentrator module, or "optical Volume', thus allowing 
large fin area without increasing the wind profile and total 
volume of the module overall. In the preferred embodiment, 
this is accomplished by placing the fins vertically and orient 
ing them radially about the receiver, so that generally the only 
light that is blocked is that impinging on the thin edges of the 
fins, representing a tiny fraction of the overall incident light. 
0053 As used herein, the term “optical volume” is defined 
by reference to FIG. 2C as the volume which is swept out by 
the module as it articulates, intersected with the volume of the 
concentrator in which incident light rays are present in the 
optical system. 
0054. In the preferred embodiment, the central pair offins 

is slightly canted from an exactly radial direction to allow 
mechanical clearance for the linkage 12. As such, they could 
potentially blocka Small amount of sunlight in the converging 
beam; for this reason, the cutout 9 is specially shaped so as to 
avoid undue blocking of sunlight from the parts of the reflec 
tor near these central fins. 
0055 As shown in FIGS. 1 B-2C, each concentrator mod 
ule 2 in system 1 includes a yoke mechanism 10, which holds 
and articulates the concentrator module 2. System 1 includes 
a simple mechanical linkage 12 which drives a set of yokes 
10, but the invention is not specific as to the type of mecha 
nisms used. Any drivetrain, linkage, and mechanism combi 
nation can be used, including but not limited to direct drive, 
gears, lead screws, cable drive, universal joints, gimbals, and 
flexures. In the preferred embodiment, the modules are 
coupled together with a linkage so that they all move in 
synchrony, yet each module articulates individually in place, 
rather than articulating en masse as a fixed group. Linkage 12 
includes a plurality of azimuth rods 30 and a plurality of 
elevation rods 36. The azimuth rods 30 are connected to an 
azimuth tie rod 32, which is supported by a plurality of 
azimuth tie links 34. The elevation rods 36 are connected to an 
elevation tie rod 38. 
0056 Representative embodiments desirably incorporate 
individual concentrators that are articulated in synchrony to 
point at and track the Sun in order to generate power. Repre 
sentative embodiments may be used with any number of 
tracking approaches, including but not limited to open-loop 
(model-based) pointing, closed-loop pointing based on a 
local sensor, closed-loop pointing based on optimizing the 
power output of the panel, or closed-loop pointing based on a 
sensor shared by several panels. Control of the embodiment 
can be accomplished in a number of ways, including passive 
control (Such as refrigerant-based trackers), active control 
using one electronic control unit per panel, or active control 
using a single control unit that controls a number of panels. 
0057 Similarly, any number of actuation methods can be 
used, including but not limited to motors, Solenoids, or nitinol 
wires. There can be individual actuators for each concentrator 
(for example, two motors for each), or the panel can make use 
of a linkage, cable drive, or other mechanism to allow a single 
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actuator set to move two or more of, or even all of the 
concentrators together. Similarly, the technique for pivoting 
is not constrained, with bearings, bushings, flexures, or other 
approaches all of which are suitable for use in representative 
embodiments. 
0058. In the embodiment in FIGS. 1A-2C, a single pair of 
motors 14 drives/actuates a linkage 12 which moves all the 
concentrators 2 in concert. Electronic control unit 16 drives 
the motors 14. The preferred embodiment of FIGS. 1A-2C 
uses the per-panel active electronics control approach as 
embodied in the electronic control unit 16. 
0059 Similar to system 1, representative embodiments 
aggregate a multiplicity of concentrating elements into a 
single device, and preferably a device that is approximately 
the size of a traditional Solar panel. Traditional panels are 
often 2.5 to 4 feet wide and 4.5 to 6 feet long. However, the 
size of the device is not specific and can be configured to any 
size desired by the customer or end user within realistic 
limits. Such limits are generally from as Small as 6 inches by 
6 inches to as large as 20 feet by 20 feet or even larger, with the 
upper bound really being dependent only on what the cus 
tomer can easily manipulate and install at a target site. 
0060. The preferred embodiment, for instance, is approxi 
mately the size of a traditional Solar panel and is shown 
including frame 20 in FIGS. 1A and 1B. Frame 20 has a width 
W of 48 inches and a length L of 72 inches, and may allow 
system 1 to generate in excess of 200 watts peak of electricity. 
0061 Frame (or base, preferably planar and rigid) 20 
holds the electronic control unit 16, the motors 14, the linkage 
12, the concentrator modules 2, provides a mounting location 
for a self-power panel 22, and provides for mounting of the 
embodiment using standard Solar panel mounting hardware. 
As shown in FIGS. 1A and 1B, for purposes of illustration, 
system 1 includes 24 individual photovoltaic concentrators 2. 
A greater or lesser number of concentrators 2 than this may be 
used, if desired. Larger or Smaller concentrators may be used 
as well. Note that the individual concentrator modules 2 are 
preferably spaced apart rather than being closely abutting. 
This spacing facilitates coupled movement of the individual 
concentrators when, for instance, tracking the Sun, and it also 
facilitates a more cost-efficient Solar panel, since the units 
may then operate through a larger part of the day and year 
without the individual concentrators Substantially shading 
one another. 
0062. The approach to wiring and electrically connecting 
the various components will be well known to those with skill 
in the photovoltaic solar concentration field. Any of a variety 
of approaches may be used. The outputs of the individual 
concentrators may be wired in any desired fashion, Such as in 
series or in parallel, or in Some series-parallel combination. 
The unit as a whole may have a single power output, or it may 
have more than one power output. By wiring the individual 
concentrators in different ways, an embodiment can achieve 
any of a wide range of output Voltages and currents. It can be 
configured to approximately match the output Voltage of a 
traditional flat panel, or it can be configured to output higher 
(or even lower) Voltage, with the concomitant change in out 
put current, in order to achieve other benefits at the system 
level. Such as reduced losses in the system wiring. By way of 
example, system 1 includes a circuit 26 for delivering the 
generated power from the concentrator modules 2. Circuit 26 
includes wiring (not visible, running inside linkage 12) and 
output leads 28. The wiring links the concentrator modules 2 
together into a circuit 26. The pair of power output leads 28 
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delivers the generated power from the concentrator modules 
2. The concentrating modules 2 are wired together in series 
using the wiring to produce an output Voltage of approxi 
mately 65 volts, which voltage is supplied at the power output 
leads 28. 

0063. One skilled in the art will be aware that bypass 
diodes are generally desirable to protect the solar cells in the 
receivers 6 from harmful voltages. Depending on details of 
the Solar cells used, an embodiment may include one bypass 
diode per concentrator module, or several concentrator mod 
ules may share diodes, or one bypass diode may be used for 
the entire unit. The bypass diodes may be part of the unit or 
they may be external to the unit. The preferred embodiment 
has one bypass diode per concentrator module. 
0064. Since many embodiments of the invention will 
make use of electrically-powered components (e.g., control 
unit 16 and/or motors 14), it is desirable to provide power to 
operate those components, even if the panel has not yet 
acquired and tracked the Sun. The invention accommodates 
any method for powering the electronics, including but not 
limited to: making use of the tiny amount of power the unit 
generates even when not pointed at the Sun; making use of 
power Supplied by an external power Supply that is installed 
as part of the overall Solar system installation; using a tradi 
tional Solar panel to provide electronics power for a number 
of the concentrator panels; building traditional Solar cells or 
miniature panels into the concentrating panel itself (for 
example, on the upper surfaces of the frame) to provide power 
to operate the electronics. The embodiment of FIGS. 1A-2C 
uses the last of these approaches. The electronic control unit 
16 requires electrical power to operate. Any suitable power 
Supply may be used. For purposes of illustration, this power is 
supplied in the illustrated embodiment by the solar cells 23 of 
the self-power panel 22, which is affixed to the frame 20 of the 
unit 

0065 Representative embodiments can be mounted in 
many different ways. For example, the embodiment shown in 
FIGS. 1A-2C can be mounted in its target installation using 
whatever technique the installer traditionally uses, whether a 
non-penetrating flat rooftop mount like the PowerLight(R) 
PowerGuard(R) system commercially available from Power 
Light Corporation, Berkeley, Calif., an anchored mount for a 
residential rooftop, a latitude-tilt mount, or even a ground 
mount or mounting on a single-axis tracker. The installer and 
end user can choose whatever mounting approach makes the 
most sense for them. 
0066. Using the system 1 to provide solar-generated 
power will now be described in further detail. In order for the 
embodiment to produce a desired rated power output, the 
individual concentrator modules 2 are pointed at the Sun. This 
may be accomplished as follows, according to one approach. 
The tracking sensor units 18 sense the position of the Sun and 
provide a pointing error signal to the electronic control unit 
16. The electronic control unit 16 then computes the pointing 
error and provides drive current as needed to the motors 14, in 
order to move the linkage 12. The linkage 12 moves the yoke 
mechanisms 10, which cause the concentrator modules 2 to 
point at the Sun, preferably to an accuracy of a small fraction 
of degree. 
0067 Software within the electronic control unit 16 helps 
to ensure proper operation during events such as Sunrise and 
Sunset, cloud cover, and lack of Sufficient power for opera 
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tion. The software also desirably performs open-loop predic 
tion of Sun position based on previously received data, and so 
O. 

0068. Several alternative embodiments of a photovoltaic 
power system according to the present invention will now be 
described. 
0069 FIG. 3 shows a perspective view of an alternative 
embodiment of a photovoltaic power system 100 according to 
the present invention. The alternative in system 100 is to put 
Some amount of space between the individual concentrator 
modules 2, rather than packing them tightly together. When 
the modules are spaced further apart, the unit as a whole 
produces less power, but each individual module can be more 
cost-effective, since it can operate through a larger portion of 
the day and of the year without being shaded by its neighbor 
ing modules. This makes more effective use of the receivers 6 
and concentrator modules 2, but makes less effective use of 
the frame 20, motors 14, linkage 12, electronic control unit 
16, and so on. 
0070 The optimal space between the modules thus 
depends on factors such as the expected annual Solar radia 
tion, expected electric utility rates, relative cost of the frame, 
linkage, receivers, and modules, and so on. 
0071 FIG. 4 shows a perspective view of an alternative 
embodiment of a photovoltaic power system 110 according to 
the present invention. System 110 causes the modules 2 to 
move together in small groups 56. System 110 has four 
groups 56 of six modules 2. While the outer frame 20 of the 
unit is still fixed, and the overall system 110 is still planar, the 
individual modules 2 in each group 56 move in fixed relation 
to their neighboring modules in the same group. However, the 
module groups 56 still move individually, with the module 
groups being coupled together with a reduced-part-count Ver 
sion of the linkage 12 so that they all move in the same way. 
0072 FIG. 5A shows a schematic diagram of a power 
circuit for an alternative embodiment of a photovoltaic power 
system 120 (Support structure not shown to make wiring 24 
visible) according to the present invention. The power circuit 
26 of the preferred embodiment is a series connection, as 
shown in FIG.5A, preferably including the wiring 24 and the 
power output leads 28. 
0073 FIG. 5B shows an enlarged perspective view of a 
portion of photovoltaic power system 120 with associated 
Support structure shown, including an actuating motor 14 and 
control unit 16. Electronic control unit 16 drives the motors 
14. The electronic control unit 16 requires electrical power to 
operate. Any suitable power Supply may be used. For pur 
poses of illustration, this power is supplied in the illustrated 
embodiment by the solar cells 23 of the self-power panel 22, 
which is affixed to the frame 20 of the unit. A close-up of the 
one of the Solar cells 23 is shown in FIG.S.B. 
0074 FIG. 6A shows a perspective view from the side of a 
concentrator module 122 illustrated in FIG. 5A. FIG. 6B 
shows a perspective view from below of the concentrator 
module 122 illustrated in FIG. 6A. Module 122 has a simpler 
heat sink 127 that has only a single pair of cooling fins 8. As 
shown, the heat sink 127 includes a pair of semicircular fins 8 
and a gap 9, which allows the light from the reflector 4 to 
reach the solar cell in the receiver 6. Heat sink 127 is the one 
that is illustrated in Subsequent figures since, due to the sim 
pler heat sink 127, other features of the invention are more 
readily visible. 
0075 FIG. 7 shows a perspective view of an alternative 
embodiment of a photovoltaic power system 130 according to 
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the present invention. System 130 includes modules 132. 
Each module 132 has a reflector 134 that is diamond-shaped. 
0076 FIG. 8 shows a perspective view of an alternative 
embodiment of a photovoltaic power system 140 according to 
the present invention. System 140 includes modules 142. 
Each module 142 has a reflector 144 that is hexagonal in 
shape. 
(0077 FIG. 9 shows a perspective view of an alternative 
embodiment of a photovoltaic power system 150 according to 
the present invention. System 150 includes modules 142 and 
shows another potential feature of the invention, which is the 
option for “corrugated sidewalls 54, allowing denser pack 
ing of the units when installed, allowing maximum power 
production density in a given space. As an alternative, the 
invention can also accommodate corrugated sidewalls 54 on 
just one pair of walls, such as only on the sides, while leaving 
the ends straight for a clean edge on the entire row of panels 
and for ease of installation. The possibility of using a corru 
gated frame to improve installed power density is a claim of 
this invention. 
0078 FIG. 10 shows a diagrammatic view of an alterna 
tive shared-control architecture 160. Architecture 160 
involves three panels 161 that are connected to shared-control 
module 163. 
0079. The invention described, as an alternative, can make 
use of any sort of concentrating element, including but not 
limited to traditional lenses, Fresnellenses, parabolic or other 
reflectors, and even other patented technologies such as a 
reflective ring concentrator, compound parabolic concentra 
tor, or various Solar traps (e.g., pyramidal reflector). 
Examples of alternative concentrating elements are shown in 
FIGS. 13-16B. FIG. 13 shows a Fresnel lens concentrator 
200, including a Fresnel lens 240, a body 242, and a yoke 210. 
FIG. 14 shows a compound parabolic concentrator 300, 
including a compound parabolic reflector 344 and a yoke 310. 
FIG. 15 shows a solar trap 400, including a pyramidal reflec 
tor 446 and a yoke 410. FIG. 16A shows a reflective ring 
concentrator 500, including a plurality of steeply tilted reflec 
tive rings 548, a body 542, and a yoke 510. Concentrator 500 
is shown upside down so that the rings 548 can be more easily 
seen. FIG. 16B shows the reflective rings 548 portion of 
concentrator 500 with the remaining portions removed. 
0080. Several optional features will now be described. 
I0081 FIG. 11 shows an optional protective transparent 
cover 50 for the photovoltaic power system 120 referred to in 
FIG. 5A. Cover 50 can be made of a material such as glass, 
polycarbonate, or acrylic. Cover 50 is desirably over the 
entire panel/unit. 
I0082 FIG. 12 shows an optional protective transparent 
cover panel 52 over an individual concentrator module 122 
illustrated in FIG. 5A. Cover panel 52 can be made of a 
material Such as glass, polycarbonate, or acrylic. One or more 
individual concentrators 122 can be covered with a cover 
panel 52. 
I0083 All cited patents and patent publications are incor 
porated herein by reference in their respective entireties for 
all purposes. 
What is claimed is: 
1. A photovoltaic power system, comprising: 
a) a Support structure having at least one interface that is 

structured to mate with flat Solar panel mounting hard 
ware; and 

b) a plurality of photovoltaic concentrator modules 
coupled to the Support structure Such that at least one 
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module is moveable and articulates in place relative to 
the Support structure, wherein each module comprises: 
i. at least one photovoltaic receiver; and 
ii. at least one optical concentrating element which opti 

cally concentrates incident light onto at least one cor 
responding photovoltaic receiver. 

2. The photovoltaic power system of claim 1, wherein each 
of the plurality of modules is moveable and articulates in 
place relative to the Support structure. 

3. The photovoltaic power system of claim 2, wherein each 
of the plurality of modules move in Synchrony. 

4. The photovoltaic power system of claim 2, wherein the 
support structure is fixed relative to the plurality of articulat 
ing photovoltaic concentrator modules. 

5. The photovoltaic power system of claim 1, further com 
prising a source of self-power operatively coupled to the 
photovoltaic power system. 

6. The photovoltaic power system of claim 1, wherein the 
Support structure is planar. 

7. The photovoltaic power system of claim 1, wherein the 
Support structure is rigid and planar. 

8. The photovoltaic power system of claim 1, wherein the 
photovoltaic concentrator modules are spaced apart. 

9. The photovoltaic power system of claim 1, wherein a 
plurality of the photovoltaic modules are ganged to move 
together in fixed relation to one another in at least one axis. 

10. The photovoltaic power system of claim 1, wherein the 
at least one photovoltaic concentrator module independently 
articulates in place relative to the Support structure. 

11. A method of providing a photovoltaic power system, 
comprising the step of configuring a Support structure of a 
photovoltaic power system to have a form factor that is com 
patible with a pre-existing, non-concentrating, flat Solar 
panel, wherein the photovoltaic power system comprises: 

a) a Support structure; and 
b) a plurality of photovoltaic concentrator modules Sup 

ported by the Support structure in a manner Such that at 
least one module is moveable and articulates in place 
with respect to the Support structure. 
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12. A method of installing a photovoltaic power system, 
comprising the steps of 

a) providing mounting hardware for a flat Solar panel; 
b) providing a photovoltaic power system that has a form 

factor compatible with the mounting hardware for a flat 
Solar panel, wherein the photovoltaic power system 
comprises: 
i) a Support structure; and 
ii) a plurality of photovoltaic concentrator modules 

movably Supported upon the Support structure in a 
manner Such that at least one module is moveable and 
articulates in place relative to the Support structure; 
and 

c) installing the photovoltaic power system using the 
mounting hardware for a flat Solar panel. 

13. The method of claim 12, wherein the support structure 
is stationary and rigid. 

14. A photovoltaic power system, comprising: 
a) a Support structure having at least one interface that is 

structured to mate with flat Solar panel mounting hard 
ware; and 

b) a plurality of photovoltaic concentrator module groups 
coupled to the Support structure Such that a module 
group is moveable and articulates in place relative to the 
Support structure, wherein each module group com 
prises a plurality of photovoltaic concentrator modules 
physically coupled to each other in a fixed manner rela 
tive to each module within the module group and 
wherein each module comprises: 
i. at least one photovoltaic receiver; and 
ii. at least one optical concentrating element which opti 

cally concentrates incident light onto at least one cor 
responding photovoltaic receiver. 

15. The photovoltaic power system of claim 14, wherein 
each of the plurality of module groups is moveable and articu 
lates in place relative to the Support structure. 
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