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(57) ABSTRACT 

An array of elongated concave parabolic trough-shaped 
re?ectors is disclosed. The orientation of the array is biaXi 
ally kept essentially perpendicular to rays of the sun by an 
optical control such that sunlight is re?ected and concen 
trated along a focal line of each elongated re?ector by Which 
(a) Water in a tube disposed at the focal line is heated by 
re?ected line focused sunlight impinged thereon and/or (b) 
line focused re?ected sunlight is optically transformed into 
point focused re?ected sunlight using Fresnel lenses from 
Which electricity is generated using solar cells upon Which 
the point focused re?ected sunlight is impinged. 
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CONVERSION OF SOLAR ENERGY 

FIELD OF THE INVENTION 

[0001] The present invention relates generally to conver 
sion of sunlight into other forms of energy, including ther 
mal energy and electrical energy, and, more particularly, to 
use of elongated concave trough-shaped re?ectors con 
nected in an array for unitary movement, and maintaining 
essentially perpendicularity betWeen the re?ectors and the 
rays of the sun to heat Water With linearly-focused, re?ected 
sunlight and to create electricity With point-focused re?ected 
sunlight derived from the line-focused re?ected sunlight. 

BACKGROUND 

[0002] Solar energy is freely and daily available. It is a 
clean, non-polluting source of energy. Providing a reliable, 
long term, cost effective, e?icient Way of using sunlight to 
obtain electrical and thermal poWer has long been an 
unsolved problem, until the present invention. 

[0003] It has been proposed that ?at panel solar converters 
be used to convert direct sunlight into thermal or electrical 
energy. 

[0004] Pedestal supported ?at panels using direct sunlight 
to generate electricity Were part of the Solar One project. 

[0005] A circular, but concave re?ector mounted on a 
single column or pedestal has been proposed. This approach 
Was used on the Soleras Water desalination project in Saudi 
Arabia and on the Solar TWo project in Dagget, Calif. 

[0006] Fixed position concave re?ectors placed in an array 
and positioned in side by side roWs on an incline have ben 
proposed. See US. Pat. No. 4,202,322. Such an installation 
Was made at the Federal Correctional institution at Phoenix, 
AriZ. 

[0007] Tiltable elongated concave re?ector assemblies 
have been utiliZed, such as the one at BarstoW, Calif., oWned 
by FPL Energy SEGS VIII and IX. 

[0008] Solar Systems comprising bidirectionally con 
trolled Fresnel lens and solar cell assemblies, utiliZing direct 
sunlight, have been proposed. See, US. Pat. No. 4,649,899, 
for example. Also see, US. Pat. No. 4,245,153. Optical 
detectors for dual aXis tracking of the sun are knoWn. 

[0009] The above-identi?ed proposals and installations 
have failed to provide reliable, loW cost, efficient, variable 
capacity systems by Which solar energy is converted to 
thermal and/or electrical energy. Along felt need has eXisted 
for energy conversion plants Which are reliable, e?icient, 
cost effective and siZe variable to meet both loW and high 
capacity demands for thermal and electrical energy. 

BRIEF SUMMARY AND OBJECTS OF THE 
PRESENT INVENTION 

[0010] In brief summary, the present invention overcomes 
or substantially alleviates the long term problems of the 
prior art by Which solar energy is converted to thermal 
energy and/or electrical energy. The present invention pro 
vides reliable, cost effective systems for such conversion, 
Where the siZe of the system can be correlated to the desired 
capacity. 
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[0011] The orientation of an array of elongated concave 
parabolic trough-shaped re?ectors is biaXially kept essen 
tially perpendicular to rays of the sun by a control such that 
the sunlight is re?ected and concentrated along a focal line 
of each elongated re?ector by Which (a) tube-contained 
Water is heated at the focal line by re?ected sunlight 
impinged thereon and/or (b) line focused re?ected sunlight 
is optically transformed into point focused re?ected sunlight 
from Which electricity is generated using solar cells upon 
Which the point focused re?ected sunlight is impinged. 

[0012] With the foregoing in mind, it is a primary object 
of the present invention to overcome or substantially alle 
viate the long term problems of the prior art by Which solar 
energy is converted to thermal energy and/or electrical 
energy. 

[0013] Another paramount object of the present invention 
is to provide reliable, cost effective systems for such con 
version, Where the siZe of any such system can be correlated 
to the desired capacity. 

[0014] A further object of great signi?cance is the provi 
sion of solar energy conversion systems Wherein the orien 
tation of an array of elongated concave parabolic trough 
shaped re?ectors is biaXially kept essentially perpendicular 
to rays of the sun by a control such that the sunlight is 
re?ected and concentrated along a focal line of each elon 
gated re?ector by Which (a) tube-contained Water is heated 
at the focal line by re?ected sunlight impinged thereon 
and/or (b) line focused re?ected sunlight is optically trans 
formed into point focused re?ected sunlight from Which 
electricity is generated using solar cells upon Which the 
point focused re?ected sunlight is impinged. 

[0015] These and other objects and features of the present 
invention Will be apparent from the detailed description 
taken With reference to the accompanying draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0016] FIG. 1 is a perspective representation, schematic in 
nature of one con?guration embodying principles of the 
present invention; 

[0017] FIG. 2 is a perspective of one form of the station 
ary loWer frame forming a part of embodiments of the 
present invention; 

[0018] FIG. 3 is a perspective representation of an upper 
frame embodiment Which is rotated optically to folloW the 
sun, and re?ector frames, the tilt of Which is adjustable in 
unison; 
[0019] FIG. 4 is a diagrammatic representation of the 
manner in Which the attitude and aZimuth of the array of 
parabolic trough-shaped re?ectors is displaced to maintain 
perpendicularity With the sun and the manner in Which 
line-focused re?ected sunlight is impinged upon a solar-to 
thermal or solar-to-electricity converter; 

[0020] FIG. 5 is an enlarged fragmentary perspective of 
tWo parabolic trough-shaped re?ectors and re?ector frames 
together With energy converters disposed at the line focal 
point of each re?ector, each converter being supported by 
tWo cantilevered structural members; 

[0021] FIG. 6 is a fragmentary enlarged perspective of an 
optical detector used to cause the upper frame, re?ector 
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frames and re?ectors to folloW the sun in the sky so as to 
preserve perpendicularity betWeen the re?ectors and the rays 
of the sun; 

[0022] FIG. 7 is a schematic representation of a system by 
Which line-focused re?ected sunlight is converted to thermal 
energy; 

[0023] FIG. 8 is a diagrammatic representation of the 
manner in Which point-focused re?ected sunlight is con 
verted to electrical energy; 

[0024] FIG. 9 is an elevational vieW, shoWn partly in cross 
section, illustrated in the manner in Which the tilt of the array 
of re?ectors is altered to maintain perpendicularity With the 
sun; 

[0025] FIG. 10 is a fragmentary perspective illustrating, in 
part, the toggle mechanism by Which the tilt of the array of 
re?ectors is changed to maintain perpendicularity With the 
rays of the sun; 

[0026] FIG. 11 is an enlarged fragmentary representation 
of the toggle mechanism illustrated in FIG. 10 vieWing the 
same from the concave side of the re?ectors as opposed to 
the conveX side; 

[0027] FIG. 12 is an enlarged fragmentary perspective 
similar to FIG. 11 further illustrating the manner in Which 
a screW drive is motor displaced responsive to optical 
signals to change the tilt of the array of re?ectors to maintain 
the above-mentioned perpendicularity; 

[0028] FIG. 13 is an enlarged perspective illustrating the 
manner in Which the upper frame is displaced along a track 
of the loWer to maintain said perpendicularity; 

[0029] 
FIG. 13; 

[0030] FIG. 15 is a cross section taken along lines 15-15 
of FIG. 13; 

[0031] FIG. 16 is a fragmentary enlarged perspective 
representation illustrating a portion of the upper, displace 
able frame, the motor and differential by Which the upper 
frame is rotated selectively upon the loWer frame; 

FIG. 14 is cross section taken along lines 14-14 of 

[0032] FIG. 17 is a fragmentary enlarged perspective 
illustrating the motor and rotational drive system by Which 
the upper frame is rotated selectively upon the loWer frame; 

[0033] FIG. 18 is likeWise an enlarged fragmentary per 
spective of the rotational drive system by Which the upper 
frame is rotated selectively in respect to the loWer frame for 
preserving perpendicularity With the sun; 

[0034] FIG. 19 is a cross sectional vieW taken along line 
19-19 of FIG. 2; 

[0035] FIG. 20 is a fragmentary elevational vieW of an 
additional form of the present invention comprising a loWer 
static frame supported upon columns and comprising a 
curved track upon Which an upper frame is mounted for 
selective rotational displacement; 

[0036] FIG. 21 is a fragmentary plan vieW of a relatively 
large embodiment of the present invention Wherein the 
upper frame is rotatably mounted upon tWo or more tracks; 

[0037] FIG. 22 is a plan vieW of a torque tube drive Which 
may be used in lieu of a toggle mechanism When a large 
array of parabolic re?ectors is utiliZed; 
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[0038] FIG. 23 is a cross section taken along lines 23-23 
of FIG. 22; 

[0039] FIGS. 24 and 25 are cross sectional vieWs illus 
trating the manner in Which a thermal converter disposed at 
the focal line of a parabolic re?ector may be insulated; 

[0040] FIG. 26 is a perspective representation of an 
energy converter adapted to be disposed at the focal line of 
a trough-shaped parabolic re?ector to convert solar energy 
to electrical energy; 

[0041] FIG. 27 is a plan vieW illustrating a different form 
of secondary re?ector to ensure point focus impingement of 
re?ected sunlight upon solar cells; 

[0042] FIG. 28 is a cross sectional vieW taken along line 
28-28 of FIG. 27; 

[0043] FIG. 29 is a fragmentary perspective of another 
re?ector embodiment With the support frame on the conveX 
or back side of the re?ector; and 

[0044] FIGS. 30, 31 and 32 are a cross section taken along 
lines 30-30, 31-31 and 32-32, respectively, of FIG. 29. 

DETAILED DESCRIPTION OF THE 
ILLUSTRATED EMBODIMENTS 

[0045] The present invention utiliZes the free and limitless 
energy of the sun to produce electricity and thermal energy. 
The scale of embodiments according to the present invention 
can be tailored to the need, ranging from small stand alone 
systems for residential and small business use to interme 
diate siZed plants for plant or factory use to massive assem 
blies design to mitigate against if not eliminate the electrical 
energy crisis in California The present photovoltaic inven 
tion is economical to install and maintain, is reliable and not 
maintenance-intensive, is e?icient and cost effective to oper 
ate and does not pollute the environment. The sun is not a 
consumable resource. 

[0046] Using the present invention, businesses, industrial 
plants, retail and office buildings, homes, farms and villages 
can produce some, if not all, of their oWn electrical and 
thermal poWer, and avoid the largest uncontrollable cost of 
doing business today—the ever-escalating price of pur 
chased poWer generated from fossil and nuclear fuels. 

[0047] This invention is capable of making signi?cantly 
more energy per square foot than conventional ?at plate 
solar collectors. And ?at plate collectors are incapable of 
co-generating the large amounts of thermal energy that the 
present concentrating photovoltaic generating systems make 
automatically. 
[0048] Until noW, remote installations have been faced 
With a difficult choice: pay the prohibitive costs of bringing 
in utility poWer, or depend on costly, noisy, and hard to 
maintain pollution-creating diesel, gas or propane genera 
tors. The present invention is a third and better choice, Which 
can be scaled or siZed to produce as much electrical and/or 
thermal energy as needed, independently, on site; the energy 
needed to poWer a home or business, pump Water, irrigate 
land and run remote communication installations. 

[0049] Unlike centraliZed forms of poWer generation, on 
site de-centraliZed use of solar poWer needs no far-?ung 
distribution netWork of gigantic toWers and high voltage 
lines. Instead it utiliZes a universally available asset— 
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sunshine. No moving parts, except for the perpendicularity 
biaXial tracking system. It is noiseless, pollution-free, and 
requires almost no maintenance over many years of service. 

[0050] Decentralized sunlight-derived electrical poWer 
can free users from the effects of peak-hour broWn-outs, and 
from the possibility of total black-outs caused by operator 
error or the planned actions of groups hostile to utilities or 
nations. 

[0051] The cost of the generating equipment itself— 
through the production of poWer for a building can be 
amortiZed over the life of the building, as part of debt 
?nancing (mortgage). AmaZing as it may seem, one of the 
largest and most uncontrollable costs a building oWner faces 
is the ever-escalating cost of poWer. Using the present 
invention, one actually has the ability to eliminate most of 
the cost of purchased poWer noW and for years to come. 

[0052] When land and Water Were plentiful and labor Was 
cheap, little Was knoWn about the delicate balance existing 
betWeen the environment and the extraction, burning, and 
Wastes of non-reneWable fuels. NoW it is all too apparent 
that our supply of fossil fuels is limited—and that these 
sources are causing damage to our atmosphere, Water sup 
plies, and food chain—damage that is or may soon become 
irreversible. The costs, too, for fossil fuels continue upWard 
as the more accessible fuel deposits are consumed, and as 
the costs for machinery, labor, and transportation continue to 
rise around the World. 

[0053] Ironically, the best ansWer to the World’s need for 
energy has alWays been the sun. The sun can satisfy a 
signi?cant percentage of our energy requirements While 
helping us to become independent of the negative aspects 
inherent in conventional poWer generation. SWitching to 
solar-derived poWer Will reduce the pollution produced by 
coal, oil and nuclear fuels. It Will also sloW the use of oil and 
alloW us to conserve it for more valuable uses, such as 

chemical feedstocks and plastics. The rate of coal usage 
Would also be sloWed. Harnessing the sun Will also reduce, 
or eliminate, the need for nuclear poWer and mitigate its 
many risks and problems. 

[0054] Even though the sun is just beginning to contribute 
to satisfying the World’s energy demands on a large scale, 
direct sunlight has been poWering satellites and spacecraft 
since 1958. In the 1970’s the ?rst terrestrially-directed 
sunlight photovoltaics supplied poWer to locations too 
remote to have ties to utility lines. Then, as the solar industry 
developed more efficient silicon cells and generators, larger 
grid-connected direct sunlight installations became practi 
cal. 

[0055] The present invention is not space-intensive. One 
embodiment of the present invention can be mounted on an 
eXisting rooftop so that it essentially takes up no additional 
space at all. Ground-mounted systems on a pad or the like 
is also an option as Well. Column mounting is a further 
option. 

[0056] Various embodiments of the present invention may 
be used in conjunction With residences, of?ce buildings, 
manufacturing facilities, apartment buildings, schools, hos 
pitals, remote communications, telemetry facilities, offshore 
platforms, Water pumping stations, desalination systems, 
disinfection systems, Wilderness camping, headquarters 
installations, remote medical facilities, refrigeration sys 
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tems, farms and dairies, remote villages, Weather stations, 
and air conditioning systems, to name a feW. 

[0057] The present invention is also useful in: (a) provid 
ing cathodic protection against galvanite corrosion, (b) stor 
age of electrical energy in batteries and (c) generation and 
sale of electricity to utility companies. 

[0058] The sun is an energy source that, unlike fossil fuels, 
is free each day to Whatever generation site is selected. It 
does not need to be mined, transported, re?ned, burned or 
purchased. So the costs for all these steps to produce energy 
are eliminated. Gone, too, are all forms of pollution. There 
are no particulates or gases vented into the atmosphere. Nor 
is there a need for millions of gallons of cooling Water. (The 
small amount of Water used to cool the solar cells actually 
becomes a second form of co-generated power, ie produc 
tion of thermal energy, that has doZens of residential and 
commercial uses.) So Water is conserved. There are no 
massive discharges of hot Water into coastal Waters to 
elevate the normal temperature and alter and perhaps destroy 
the habitats and food chains of coastal marine life. With 
solar energy, there are no Wastes of any kind to be removed 
or buried in mines or deep at sea, so there are feW, if any, 
health risks to our generation or future generations. 

[0059] Various embodiments of the invention are modular, 
alloWing any installation to be as large or as small to meet 
eXactly the needs of the installation for electrical and/or 
thermal energy. The electricity produced is direct Current 
(DC), Which, When appropriate, may be transformed into 
alternating current (AC) using an inverter or DC-to-AC 
converter. 

[0060] At the heart of the present invention is the utiliZa 
tion of a system Which biaXially tracks the location of the 
sun in the sky to maintain a perpendicularity betWeen an 
array of parabolic trough-shaped re?ectors and the rays of 
the sun so that re?ected line or point focused sunlight may 
be efficiently converted into thermal and/or electrical energy. 

[0061] FIG. 1 is a diagrammatic representation of one 
con?guration or system according to the present invention, 
Which system is generally designated 40. System 40 com 
prises a loWer stationary or static frame 42, an upper 
rotatable frame 44, mounted for movement upon the sta 
tionary frame 42, an array of parabolic trough-shaped re?ec 
tors, generally designated 46, carried by the upper frame 44, 
an optical sun-locating control, generally designated 48, 
carried by the upper frame 44, a rotational drive mechanism, 
generally designated 50, by Which the upper frame 44 is 
rotated about the loWer frame 42 to maintain perpendicu 
larity betWeen the rays of the sun and the re?ective surfaces 
of the parabolic re?ectors comprising the array 46 under 
control of the optical sensor 48, a toggle re?ector-tilting 
mechanism, generally designated 52, by Which the angle of 
tilt of the parabolic re?ectors of the array 46 is altered to 
maintain said perpendicularity as the sun travels across the 
sky and energy converters 54, one being disposed along the 
focal line of each parabolic re?ector for converting re?ected, 
concentrated sunlight into thermal and/or electrical energy. 

[0062] An advantage of the present invention, When dis 
posed in the form of apparatus 40, is that it is modular, ie 
the number of re?ectors can vary, ranging from a relatively 
small number to a relatively large number, depending upon 
the needs of a given facility. 




















