1 SOLAR PONER GENERATOR Field of the Invention [0001] The present

i nvention generally relates to solar power technology, and in particular,
to a solar power generator capable of automatic solar tracking and self-
protection agai nst adverse anbi ent conditions. Background of the Invention
[ 0002] Sunlight is an inexhaustible energy source in nature, which provides
heat and light directly, and can be converted to produce electric power as
wel | . Conpared to conventional energy sources such us coal and natural

gas, sunlight is a nmuch cle qqgﬁgﬁ%ﬁﬁﬁﬁ ﬁh | ess em ssions of air
pol |l utants and greenhouse gases %Urlng pomer generation process.
Therefore, countries around the world are increasi ng their efforts to

har ness sol ar power as an essentjal alternative energy source, for the sake

of environmental protection andiddof thetmyentianononi ¢ devel opnent. [0003]
However, so far the use of sunlight for power generation, espeC|aIIy for
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constructlon cost o pome gen remal
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cells is req %lred 1o neet ce taln ergy supply, which not only increases
the cost PrYEHoR againptadysrse &&Soccupation. In addition, solar power
generators are pone to wear and tear, in particular under harsh weathers,
such as sandstorm raining and snow ng. The expense for frequent

mai nt enance and repair cont rBdpkgeenndooftlidilovemtimn operation cost. [0004] In
vi ew of the above-nentioned problens, there is a need for a new generation
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a sol ar pAMVBEhOERRHS! &id caTbe borfRBd tBRdace electric power as well. Compared to
conventional energy sources such us coal and natural gas, sunlight is a much cleaner
energy source, with less emissions of air pollutants and greenhouse gases during the power
generation process. Therefore, countries around the world are increasing their efforts to
harness solar power as an essential alternative energy source, for the sake of environmental
protection and sustainable economic development.
[0003] However, so far the use of sunlight for power generation, especially for
electricity generation, is still limited for certain reasons. The construction cost of a solar
power generator remains high. And due to inefficient energy conversion, of the excessive
number of photovoltaic cells is required to meet certain energy supply, which not only
increases the cost, but also leads to more space occupation. In addition, solar power
generators are pone to wear and tear, in particular under harsh weathers, such as
sandstorm, raining and snowing. The expense for frequent maintenance and repair
contributes to additional operation cost.
[0004] In view of the above-mentioned problems, there is a need for a new
generation of solar power generator, which is cost effective, high energy saving and
durable.

Summary of the Invention




support, a solar concentrator nounted on the support for reflecting and
concentrating the incident sunlight, a plurality of photovoltaic cells for
receiving the reflected Iight fromthe solar concentrator and converting
the solar power into electric power, a nechanical system for regulating
the position of the solar concentrator jn both horizontal and vertical
orientations, a solar tracking sensor for determning the relative
orientati f the I r i ncident . sunlight., a
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provi ded a solar power generaror, rein the control circurt Tn-response
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circuit is operable to actuate The nmeCchanical system to rotate the solar
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signals rainfall/snowfall, the ‘control circuit is operable to actuate the
nmechani c#008)/st em tscpiding & pRethenpsnect oh dhminvanidon, thereaissprowviddd a solar
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follow ng detail.ed descr] phi on of enbodi nents thereof in connection wth
t he accohPBHYs HeHrhinmaEs. thepneduringdhs &t i on of the Drawi ngs [0010]
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described with reference to the Figures acconpanied herein, in whichlike
r ef er encgower generator, wherein the control circuit is operable to actuate the mechanical system

to rotate the solar concentrator to a first pre-determined position and to stop the solar
tracking, when the day/night sensor signals the transition from day to night.

[0008] According to further another aspect of the invention, there is provided a
solar power generator, wherein when the rain/snow sensor signals rainfall/snowfall, the
control circuit is operable to actuate the mechanical system to rotate the solar concentrator
to a second pre-determined position, so that the components mounted on the solar
concentrator are shielded from the rain/snow.

[0009] The objectives and advantages of the present invention will become
apparent from the following detailed description of embodiments thereof in connection

with the accompanying drawings.
Brief Description of the Drawings
[0010] Preferred embodiments according to the present invention will now be

described with reference to the Figures accompanied herein, in which like reference

numerals denote like elements.




nuneral s denote like elenents. 3 [0011]] FIG 1 shows a side view of a

sol ar power generator in accordance with one enbodinent of the present

invention. [0012] FIG 2 shows a front view of the solar power generator as

illustrated in FIG 1. [0013] FIG 3 shows a top view of the solar power

generator as illustrated in FIG 1. [0p14] FIG 4 shows a cross sectional

view of the light sensor as illustrated in FIG 1. [0015] FIG 5 shows a
enpodi nent

circuit dj am of control.circuif in accordance with on

of the pﬁggglt inveIEnIt?“’le' 3@30&?31 g&%i%?&ﬂ’i?%ﬂﬁen‘?rﬁ@r hIRERERRTE V3B eRS The
present iemtdirhan offthe freseut@Resi@od nore readily by reference to the

fol | ow m det ai |l ed description of certain enbodi nents of the invention.

[0017] NOWPH2f erri AYG: 8 shows a fronpvigwcpf3he sclapowes gprepatpredlnststiddn Fiower
generator; 1 in accordance with one embodi ment of the present invention.
FIG 1 is a side view of the solar power generator 1; FIG 2 a front view

and FI G [6013] t op Vild@. 3TGhewsaltap viRawer the GEIAE pawer geche RTINS i@ FrafedSHIERGI t 2,
a solar concentrator 3 nounted thereon for collecting and concentrating
sol ar radiati on, a plurality of photovoltaic cells 4 for converting the

recei ved [5@\QLZt I on mqae HQMO&VQa?{o?ﬁEJ&iSP%w of ﬁlerlrrgil gér}lis%aels iAYSEEA R Fflar

regul ating t orientation o e sol ar concent a sensing system 6
for detedting irradi ance and anbient conditions, and a control circuit 7

(not sho ih FIG.,L-3),for recejiving sigpals fromthe sensing system 6
and i nst \r?ﬁoééfng t hé Iée%ﬁ%%‘?’%%?“%‘%%@%ﬁ%@ %I%B%F%F_?tﬁﬁ ciFeuit mreggrdange ‘@ﬁpﬁ'&f‘rt 2
has a basgbddinhéit oPBlcesSBCUVERihO any supporting surface. An upright

U-shaped support menber 22 is nounted thereon via a bracket 23. The upper

end of the bracket 23 is welded to the bottom of the U shaped support

nmenber 22, whilst the lower, end,JsS totably.connected to the base 21. The
upri ght U shaped support Vﬁ@%gféi yfscrlptlon olythe?nven%lon

[0016] The present invention may be understood more readily by reference to the
following detailed description of certain embodiments of the invention.

[0017] Now referring to FIG. 1, 2 and 3, there is provided a solar power generator
1 in accordance with one embodiment of the present invention. FIG. 1 is a side view of the
solar power generator 1; FIG. 2 a front view; and FIG. 3 a top view. The solar power
generator 1 comprises a support 2, a solar concentrator 3 mounted thereon for collecting
and concentrating solar radiation, a plurality of photovoltaic cells 4 for converting the
received radiation energy to electric power, a mechanical system 5 for regulating the
orientation of the solar concentrator 3, a sensing system 6 for detecting irradiance and
ambient conditions, and a control circuit 7 (not shown in FIGs. 1-3) for receiving signals
from the sensing system 6 and instructing the mechanical system 5 accordingly.

[0018] The support 2 has a base 21 for being secured to any supporting surface. An
upright U-shaped support member 22 is mounted thereon via a bracket 23. The upper end
of the bracket 23 is welded to the bottom of the U-shaped support member 22, whilst the
lower end is rotably connected to the base 21. The upright U-shaped support member 22
further has one horizontal structure 24 attached to the upper end of each arm to ratably
support a horizontal shaft 25.

[0019] The solar concentrator 3 has a frame 32 attached to the horizontal shaft 25.
A plurality of reflective mirrors 31 disposed on the frame 32 for receiving, reflecting and

concentrating solar radiation energy. Between each two adjacent reflective mirrors 31,




further has one horizontal structure 24 attached to the upper end of each
armto ratably support a horizontal shaft 25. [0019] The sol ar
concentrator 3 has a franme 32 attached to the horizontal shaft 25. A
plurality of reflective mrrors 31 disposed on the frame 32 for receiving,
reflecting and concentrating solar radjation energy. Between each two

adj acent reflective mrrors 31, 4 there is gap 33 for breaking the flow of

the air . r eqreflective myrror 3 t her.eby reduci ng
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t he mechadctrid owpett Elachid wirgy may He dofirwcteddd jthesghiotayolthie colls ¢ Mvratransferdfig t he
sol ar coqﬁentrato 13 which has  a fiés%: 51la and Esecon 51b worm gear
sets for POPHrHg PRUTEPEF Qardaes Btsry 3 iy cEoRAPREMEl and verti cal
ori ent at ifg22] €SpectihVéHeYembstieMORR @RAtovSIRTic 2dI1€ ANRE I RERradIMAILINNES] 52,
a worm 53 nmeshing with the worm wheel 52 and a reversible riotor 54
connect ed-higese RatepbAnpplBatipn No. dP93Li0h833%eXr ot ati on thereof. The first

rever si bl tor 54a.4 n, t sg 21 .the  first-wormb | S
attached [gbo he ou:bgllﬂ]t %gé?ﬂ%?@? h@ %’iir]g?g?é@lgr%?cgﬁrgc%%?m‘siés, pré)ﬁﬁi%? rf%r first
wor m wheeldjus@rg ihe oteatiah bytherslaatbedneitot Revhiovkis £t 8fa ilten Scaaksth 23.
When the first reversible notor 54a is actuated, the rotary notion of the

wor m 53a HFTY @€ FS rigt 4ptafng dhe ol eoncratiier Suppdia hearperl and alssisel ¢ he
L e e
meshing with the worm wheel 52 and a reversible motor 54 connected to the worm 53 for
driving the rotation thereof. The first reversible motor 54a is mounted on the base 21; the
first worm 53a is attached to the output end of the first reversible motor 54a; and the first
worm wheel 52a is coaxially installed on the lower end of the bracket 23. When the first
reversible motor 54a is actuated, the rotary motion of the worm 53a drives the rotation of
the U-shaped support member 22 about the Z-axis as shown in FIG. 1, thus changing the
horizontal orientation of the solar concentrator 3. The second reversible motor 54b is
mounted on one arm of the U-shaped support member 22; the second worm 53b is
attached to the output end of the second reversible motor 54b; and the second worm wheel
52b is coaxially installed on the horizontal shaft 25. When the second reversible motor 54b
is actuated, the horizontal shaft 25 rotates about the X-axis, thus changing the vertical
orientation of the solar concentrator 3.
[0024] The actuation of the mechanical system 5 for position adjustment of the
solar concentrator 3 is regulated by the control circuit 7 in response to signals generated by

the sensing system 6. The automatic self-regulation is designed to enable solar tracking for

optimal solar collection in daytime, to disable solar tracking at night for energy saving, and




nount ed on one arm of the U shaped support nenber 22; the second worm 53b
Is attached to the output end of the second reversible notor 54b; and the
second worm wheel 52b is coaxially installed on the horizontal shaft 25.
Wien the second reversible notor 54b is actuated, the horizontal shaft 25
rotates about the X-axis, thus changingzthe vertical orientation of the
sol ar concentrator 3. [0024] The actuation of the nechanical systen15 for

position nt of, the . solar.conc ntr r IS re ul at
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Referring to sensi system
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sun so as to k. the sun, novenent in a day, a day/night sensor 62 for
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menber 22. |In one enbodi nen he rai n/snow sensor 63 1s a fluid
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one enbodicaode. ah ahbmepéms@cntnehmwltawghovér BeisS06 s a tehipeldnile a8 MeRtidifL has
a cylindrjical body 611, and f our light sensing el ements 612 evenly

di st ri butde@cior t he four guadrants. The signals generated by the |ight
sensi ng ?60%5? nts 63ow referring to FIG. 4, there is provided a cross sectional view of the solar

tracking sensor 61 in accordance with one embodiment of the present invention. The solar
tracking sensor 61 has a cylindrical body 611, and four light sensing elements 612 evenly
distributed in the four quadrants. The signals generated by the light sensing elements 612
cooperatively indicate the relative position of the solar concentrator 3 to the incident
sunlight in the horizontal and vertical orientations.

[0029] In one embodiment, the light sensing elements 612 are photodiodes.

[0030] Now referring to FIG. 5, there is provided a diagram of the control circuit 7
in accordance with one embodiment of the present invention. The control circuit 7 has four
sub-circuits 72a, 72b, 72¢, and 72d for controlling the orientation of the solar concentrator
3 in relation to the east, west, south and north directions respectively. The input terminal of
each sub-circuit is connected to one of the light sensing elements 612 that senses solar
radiation in the corresponding direction. The output terminals of the sub-circuits 72a and
72b are connected to the first reversible motor 54a for cooperatively controlling the on/off
status and rotation direction thereof. Likewise, the output terminals of the sub-circuits 72¢
and 72d are connected to the second reversible motor 54b. Each sub-circuit 72 further
includes a constant voltage DC power supply; a signal regulating circuit for selectively

transmitting and amplifying input signals, and outputting a regulated signal; and a logic




cooperatively indicate the relative position of the solar concentrator 3 to
the incident sunlight in the horizontal and vertical orientations. [0029]
I n one enbodi nent, the |ight sensing elenments 612 are photodi odes. [0030]
Now referring to FIG 5, there is provided a diagramof the control circuit
7 in accordance with one enbodi nent of.the present invention. The control
circuit 7 has four sub-circuits 72a, b, 72c, and 72d for controlling the

orientation of e solar .concentrator, .3 in relation to the east, west,
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of the solar concentrator 3 is re-directed towards the incident sunlight. Likewise, when only the
photodiode PD2 is illuminated, the relay J2 is energized and the relay J1 remains de-
energized. Consequently, the first reversible motor 54a is switched on to rotate in a second
direction. When the solar concentrator 3 is in alignment with the sunlight, both of the
photodiodes PD1 and PD2 are of low resistance. Hence, both of the relays J1 and J2 are
energized, which switches off the first reversible motor 54a.
[0033] Still referring to FIG. 5, in this embodiment, the day/night sensor 62 is a
light dependent resistor LDR, which is connected to the sub-circuit 72a via a day/night
differentiation circuit 76. The day/night differentiation circuit 76 also includes the position
transducer K1, and a photo coupler PCS. In operation, when the ambient light intensity
reduces, the resistance of the light dependent resistor LDR rises. Once the resistance
thereof exceeds a pre-determined value, the photo coupler PD5 is conducted, indicating the
transition of day to night. Sequentially, the transistor Q1 is saturated, which cause the first
reversible motor 54a to rotate in the first direction so as to direct the solar concentrator 3
towards the east. Once the solar concentrator 3 reaches the pre-determined limit position,

the position transducer K1 is conducted, so that the first reversible motor 54a is halted.




phot odi ode PDl. Sequentially, the transistor Q is saturated; the relay Jl
is energized; and the first reversible notor 54a is swtched on to rotate
inafirst direction. As a result, the solar concentrator 3 is re-directed
towards the incident sunlight. Likew se, when only the photodiode PD2 is
illumnated, the relay J2 is energized and the relay JlI remains de-

energi zed. Consequently, the first reversible notor 54a is swtched on to
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turn the solar concentrator 3 downward, thereby reducing the chances of

damage to the conponents nounted on the solar concentrator 3. [0035] While
the present invention has been described with reference to particular
enbodi ments, it will be understood that the enbodinments are illustrative
and that the invention scope is not so limted. Alternative enbodi nents of
the present invention wll




beconme apparent to those having ordinary skill in the art to which the
present invention pertains. Such alternate enbodi nents are considered to
be enconpassed within the spirit and scope of the present invention.
Accordingly, the scope of the present invention is described by the
appended clainms and is supported by the foregoing description. 8 d ains
1. A solar power generator conprising: a support; a solar concentrator
nount ed on the support for reflecti ngbland concentrating the incident
sunlight; a plurality of photovoltaic 8™ s for receiving the reflected
light fromthe solar concentrator and converting the solar power into

el ectric power; a nechanical systemfor regulating the position of the
sol ar corcent PatAfr RAVIEEEREraloh FPRPIIiAE: and vertical orientations; a sol ar
tracki ng sens%rsuP Jr.determning the relative orientation of the solar
concentrator to e ’incident sunlight; a day/night sensor for detecting the
transition framolayconcermiagiit mowsted @hrths Bayposeis Qefléding deidesntéigratiag Mal |
and snowf al | ; anq, control circuit for receiving and processing the
signal s f“i‘%ﬁlﬁnttﬁ‘é‘@gFar tracki ng sensor, day/night sensor and rain/snow

sensor, and agct it i : e r of
oo m 1, wher o HOHE0 of MROTRONAR, &AL 10 McBling e VIRLRH IRV Hos HCLANT
el enent s con@ntratop amticanyettmgtthe sdasgowendsd cleswistpgowand nort h directi on

respectively. 3. A solar power gener.ator of .claim 2, erein each |ight
sensor conpri §et’§e°§’ﬁm°'f‘ﬁ?y|s%ral%ﬁﬂ 188 S GROSY %fm%cﬁf’ggﬁﬂiﬂngﬁt.or@ R"g’ol ar
power gemefiadMil 48l vehRhIMdriontaMagsei N the control circuit is operable to
actuate the nechanical systemin response to the signal fromthe sol ar

tracki ng sensér solat trackiag seinsors fdradetconivag that oelatienmrinstation erft 8d sadavar ds
the sun ggﬁéeﬂgat%p fo tﬂQYﬂcident sunlight;

a day/night sensor for detecting the transition from day to night;

a rain/snow sensor for detecting rainfall and snowfall; and

a control circuit for receiving and processing the signals from the solar tracking

sensor, day/night sensor and rain/snow sensor, and actuating the mechanical system.

2. A solar power generator of claim 1, wherein the solar tracking sensor comprises
four light sensing elements, corresponding to the east, west, south and north direction

respectively.

3. A solar power generator of claim 2, wherein each light sensor comprises an

infrared a photodiode and a photo coupler.

4 A solar power generator of claim 1, wherein the control circuit is operable to
actuate the mechanical system in response to the signal from the solar tracking sensor, so

that the solar concentrator remains oriented towards the sun during the day.

5. A solar power generator of claim 1, wherein the day/night sensor is a light

dependent resistor.




5. A solar power generator of claim1l1, wherein the day/night sensor is a

| i ght dependent resistor. 9 6. A solar power generator of claiml,
wherein the control circuit is operable to actuate the mechanical system
to rotate the solar concentrator to a first pre-determ ned position, when
the day/ni ght sensor signals the transigion fromday to night. 7. A solar
power generator of claim®6, wherein the solar concentrator faces the east
when rotated tp the first pre-determ ned posi.tion. 8. _A.solar po

gener at o?é' of drarm f,o“(/%égreg?rﬁtofhoée ‘Flglinh/qs H@W%ﬁ@%?‘)‘?t§°1aclf°‘1“t}i‘a (Ppé\f{%’iet fvde.
9. A sol actupRWde rgedhanidhiosystin ¢ abtalelthe WORK Qofcdn@tor ab W SROWEERERMintS 2
hum dity sensor. 10. A solar power generator of claiml, erein the
control ~ @opiEant whep thp dpyBight sepsorsignals the trasitiercfiamidesiito Bightem t o rotate t he
sol ar concentrator to a second pre-determ ned position, when the rain/snow
sensor signals rainfall/snowfall. 11. A solar power generator of claim 10,
wher ei n the s aslac powengdmatatsr dfaciaisn 60ohesar the WoRR cotdedirgdr Faret il &econd
pre-detern ned positi OtL'I. 12. A solar power generator of claiml1, wherein

t he suppSYrEFnéB itg g firsprgdetermyedipopitignsecur ed to any supporting surface;
a vertical support nenber rotably nounted on the base; and a horizontal
shaft rotably supported by the vertical support nenber, wherein the solar
concent r & or i% salar guived genetaby b claimnt,aivhedeaf the flddn/sove cbmor pevee fluid
gener at orlo& &I aim 12, wherein the mechanical systemconprises: a first

wor m gear‘3 §8P%or rotati ng the solar concentrator in the horizontal
orientation, which has a first worm wheel connected to the verti cal
support nenber, a first worm neshed with the first wormwheel, and a first
reversi bPe notosolat pawtiegencmtohef ¢laing t1, woremin ftlor rag/sncvn gertshe isr o hatmidity

t her eof ; Sgﬂ;gr 10

10. A solar power generator of claim 1, wherein the control circuit is operable to
actuate the mechanical system to rotate the solar concentrator to a second pre-determined

position, when the rain/snow sensor signals rainfall/snowfall.

11. A solar power generator of claim 10, wherein the solar concentrator faces

downward when rotated to the second pre-determined position.

12. A solar power generator of claim 1, wherein the support comprises:
a base for being secured to any supporting surface;
a vertical support member rotably mounted on the base; and
a horizontal shaft rotably supported by the vertical support member, wherein the

solar concentrator is attached to the horizontal shaft.

13. A solar power generator of claim 12, wherein the mechanical system cc’)’rr”lprises:k

a first worm gear set for rotating the solar concentrator in the horizontal orientation,
which has a first worm wheel connected to the vertical support member, a first worm
meshed with the first worm wheel, and a first reversible motor attached to the first worm

for driving the rotation thereof; and




a second worm gear set for rotating the solar concentrator in the vertica
orientation, which has a second worm wheel coupled to the horizontal shaft,
a second worm nmeshed with the second worm and a second reversi bl e notor
attached to the second wormfor driving the rotation thereof. 14. A solar
power generator of claim 13, wherein t control circuit conprises: a fist
and a second sub-circuits for outputting signals to the first reversible
notor so as to control the onﬂgf%}status rotation direction thereof;
o

d f
and a third afdSEoPduPPrms B8 cPF c it ©HtHie } SORF | Rgetigig @ ¢RF (RE@Econd

rever si blgienBbRr whRhast D s&RRE Wi MbcONéRipledStoathd haREntPhiB Ansedbiect i on
t hereof; wherein the day/night sensor is connected to one of the first or

second sural mesghed gvith the seepind vermnanda senond seversible mater attachndgo dlie sehend hi r d

or fourtqmﬁgpﬁghﬁgmjHgénmﬁ%%d%¥%¥sub-circuit is connected to the solar
tracki ng sensor, and conprises 8 ‘power supply, a signal regulating circuit

for selectively transmtting and anplifying signals fromthe sensing
system and generating a regulated signal, and a logic circuit for

recei vi nd4and /pFeiervsigendiator ebelpin &4 whegeintheemtrobsisiuropprises si gnal  to
the connect ed alfisY GhPh Qéc%ng‘g @-Eﬁc&é'fo&l?@htﬁhg 5@\%’&1& _tcgﬁlrég{rgttr {'erg{) e.(i'%l&lopéol’
wherein the solar concentrator conprisesS a°ffane;, and a plurality o

refl ecti ngtotantol thedindgfd staths and rdtetidr direetionkiet®ifiaridnere i s a gap between

each two adjacepnt reflecti irrors. 16. A solar power_ generator of claim
1, wherein thé BHdt %\ﬁo?tflawﬁg éﬁﬁgcwsefoai%%g signals e the sggongd; rexersivls ne

Sﬁl ar  CORERBI JoAs b corltfol the SHbATsRAMAN rSGREH ﬁl{r%’tioﬁfﬂaéfé(ﬁ{, m1i, wherein the
photovoltaic cell has the configuration as claimed I n Chinese Patent
Appl i cati on Nuyhsesin 200310103395. X
the day/night sensor is connected to one of the first or second sub-circuits
the rain/snow sensor is connected to one of the third or fourth sub-circuits;
and
each sub-circuit is connected to the solar tracking sensor, and comprises a
power supply, a signal regulating circuit for selectively transmitting and amplifying
signals from the sensing system and generating a regulated signal, and a logic

circuit for receiving and processing the regulated signal and sending output signal

to the connected reversible motor;

15. A solar power generator of claim1, wherein the solar concentrator comprises
a frame; and
a plurality of reflecting mirrors disposed on the frame;

wherein there is a gap between each two adjacent reflecting mirrors.

16. A solar power generator of claim 1, wherein the photovoltaic cells are disposed on

the focal line of the solar concentrator.

17. A solar power generator of claim 1, wherein the photovoltaic cell has the

configuration as claimed in Chinese Patent Application Number 200310103395.X




