TI TLE OF THE INVENTICN SOLAR LIGHTING APPARATUS AND CONTROLLER FOR
CONTROLLI NG THE, SOLAR LI GHTI NG APPARATUS BACKGROUND OF THE | NVENTI ON 1.
Field of the Inyention The present knvention relates to an i nprovenent in a
- sol ar IIghtIng pparatus havi ng fIa Ilghtlng prismplates in a lighting

portion and to-an inmprovementyjpgy, Ol g | %ﬁﬁ%b gontroller for
controlling the solargllghtlng apparatus scription of the Prior Art

The basic configur, | i first
described with re }&é‘o‘{%&i@ %A%#%\ﬁg@@%@%%#‘&ﬁdl cated by the
solid line.shows the configufation of a conventional solar |ighting
appar at us. wher ea$ON HQLNG THE RALAR JyI GHRINGARRARAMES dash | i ne shows
the configuration of Ekbodinents 6-1 to 6-4 according to the present
invention. In Fig. 78, it hBAGKGROUNE ORIMEHE IMBENTEMN gnat es a roof of a
bui | di ng; 302a to 302d,i wal ['s of the building; 303a and 303b, wi ndows; and
304, 3n eieqly oF & éxgﬁin a roomof the building. The reference
numer al 305 de5|gnates y sqglar |ighting apparatus; 306, a duct through

whi ch t he I Y t r td ggﬁﬁ; ed
I ndoor s; a?&g %Ftsaeﬁ | E;'t 'qulggrﬁ s[}r%elp% < tvéI aqﬂ "gtgra chi er?é cons uen%
menber, L a %htln porti-on of the solar t|n a&garatus 305

lig t1n praratus having flat lighting p é&a s in Tighting

portion and to an improvement in a solar lighting controller for
controlling the solar lighting apparatus.
2. Description of the Prior Art

The basic.configuration of a solar lighting apparatus will be
first described with reference to Fig. 78.

~In Fig. 78, a portion indicated by the solid line .shows the

configuration of a conventional solar lighting apparatus whareas a
portion indicated by the two-dot-and-dash line shows the
configuratiod of Embodiments 6-1 to 6-4 according to the present
invention. 1In Fig. 78, the reference numeral 301 designates a roof
of a bui}ding; 302a to 302d, walls of the building; 303a aad 303b,
windows; and 304, an electric la@p provided in a room of the
building. |

The reference numeral 305 designates a solar lighting
apparatus; 306, a duct through which the sunlight collectad by the
solar lighting apparatus 305 ié led indoors; and 320, a lighting

prism plate which is a chief constituent member of a lighting



In the aforenmentioned configuration, the sunlight is collected by the solar
| i ghti ng apparatus 305 and | ed i ndoors through the duct 306. As a specific
structure of the lighting prismplate 320 provided in a lighting portion,
for exanple, there is known a structure described in Japanese Patent

Unexanmgitt iRid| o € ¢ hONsd VT fi?llx\@ln@laéﬁﬁ’gét?usU\OShe structure described in
Japanese Patent Unexam ned Publication (JP-A) No. 61-180217, '‘as shown in

Figs. 79A ang, t}e% A ace,gag@iaﬁg& &8n ngﬁPawen épéﬁﬁmgnka&sscemegea

finely roughene erform uncti1on

so- cal | i prismplates (Fl esne ris er and 2 ar

over | ap?yeag'}?g , J;{gﬁ%ﬁ'éq %H%‘%?E;‘h?i#}% 'i’émniﬁ f%é%‘[”é?r f8PgE2)L'ﬁFs
rotated so that direct light rays fron1the sun are sent out in a

predet dluathedP @i recti on regardl ess of the position of the sun. As for a
lighting prismplate driver/holder in the conventional solar Iighting

appar at us, taere specif o abt eustwse fof | e . L{dhtingtbeishrptatee3d0 t hese
lighting prismplates, it is conprehensible that the lighting prismplates

are driﬁf‘%ﬂ%ltdéd)@drﬁzﬁgfﬁ‘ﬁﬂlj' POR £ 82 | 85 28RARp{ BPT ehepét €6 kREGAT 8D to as
"prlsn1angle" of each |ght|ng prlsn1plate correspondingly to the novenent

Of e 3l L L 0] i%od 6 | S HOLADGC FEL PP BHEP0RINeA puniPUat Poliotfothe

Ilghtln %84y e)g are OWeve
~A) No. 61-180217.

In the structure described in Japanese Patent Unexamined

" Publication (JP-A) No. 61-180217, as shown in Figs. 79A and 79B, in
a cdndition in which two transparent blates having finely roughened
su;faces for performing a prism function, that is, so-called
lighting prism plates (Flesnél prisms) Pa and Pz are laid to
overlap each other, at least one lighting prism plate P. (or Pz2) is
rotated so that direct light rays from the sun are sent out in a
predetermined direction regardless of the position of the sun.

As for a lighting prism plate driver/hblder in the
convéntional solar lighting apparatus, there arise problems as
-follows.

(1) In the structure of these lighting prism plates, it is
comprehensible that the lighting prism plates are driven to
optimize the prism rotation angle (hereinafter referred to as
"prism angle") of each lighting prism plate correspondingly to_the

movement of the sun. How to drive the lighting prism plates and



unclear. In other words, the structure of a lighting prismplate
driver/holder is unclear. Accordingly, it is difficult to produce a
practical apparatus of the prior art. (2) For exanple, fromthe description
of the prior art publication, there nay be thought of a structure in which

as rreanﬁogwgko ga% geaaqﬁbs %'gng;rtl% 5; NG PS8 rac'éaﬂsslo?{ earrré ms&?&

of Figs I's “provi In the center axis of

i gh | d P h h haf bl
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this structure, however, the shadow of the shaft and the ShadOM/Of ortions
f or supﬁé#ﬂ?ﬁéhpﬂée§h&ﬁtu&ﬁéeBFOJe@ﬁ&@ﬁﬁﬂﬂﬂlﬂheqqgﬂﬁlqﬁfQiq diatRkoduge
that the sunlight collecting effect is |lowered greatly. As a convent i onal .
exanpl eaoprakéikcagheppg ratusmofl ahe, priere ars.a |ighting prismplate, for
exanpl e, shown in Fig. 80. In Fig. 80, the reference nuneral 351 designates

a lighting pr?”thﬂb&elanBmCQh% Bb%b&h?&ﬁoﬁfo&ﬁWﬂkD@khﬂd Ar@ 0 prism
portions [err] [err]..... havi ng vertical inoperative faces (which are not

used aspfB1ycakibACCEhelicy! BeTRACHINOE Q" erlaAfral s S Gyl

plate 38 ccor Ingly, ITn this occasron, the inoperative face angle [err]

s ary affEarOhatengoang Feiging: carat BB iR FEIH Hlakatoh s ad OF @f
lighting prismplate. The drive shaft Y serves to rotate
Figs. 79A and 79B, a shaft is provided in the center axis C of the
lighting prism plates P. and Pz so that nbt only this shaft is
rotatably held but also ;ﬁrque of a motor, or the like, is given to
the shaft. In this structure, however, the shadow of the shaft and
the shadow of portions for supporting the shaftlare projected onto
the lighting prism plates, so that the.sunlight collecting effect
is lowered greatly.
As a conventional example of the 1i§hting prism plate, there
is a lighting prism plate, for example, shown in Fig. 80. 1In Figqg.
80, the reference numeral 351 designates a lighting prism plate in
which a pluraiity of saw-toothed micro prism portions 35lax, 35laz,
351la=,... having vertical inoperative faces (which are not used as
.optical £aces) K are formed on the lower face of the lighting prism
plate 351. Accordingly, in this occasion, the inoperative face
~angle o is 90° .
In Fig. 80, the reference character Y designates a drive shaft

which is arranged so as to be perpendicular to the center portion



the lighting prismplate 351 correspondingly to the novenent of the sun by
nmeans of a notor not shown on the basis of an instruction given froma

m cro conmputer, or the like. In the aforenmentioned configuration,
transmtted |ight goes out of the lighting prismplate 351 at an out goi ng

angl e gle kGl hﬁ@m{ig@[ 2P Hided e LI I MhEY LG U 48 Aedre

relatively hig or altitude, whol ly referre

"“hei ght!) of r.r]. whereas . transmp.tted |ight goes oyt qf the |ightin rism
ol at o 5e doinh, Hler WA oY st iestngRe o tpd foventid e Aie

t wo- dot - and-dash |ine when the sun is at a relatively | ow height of T2.

Fur t heBunuR¥nMeRBSs @f ias mtor n@teshasngian diherdbasis fian ddhgtgrtian
however, bl ocked by the inoperative face K of the lighting prismplate 351
so as gévee febheeat odcro mompudferactarvdheediike. As descri bed above,
analysis of the property of the prior art type lighting prismplate 351

shows the fahl ewenaroeementionkd HoME iigur dthon Nfdreneg tfed ha ghappas the
i noperative face K constituting the lighting prismplate 351 is |arge so

t hat .OHEQ%@QFh%Q&Egh%i%%@?‘f‘i@mt_ 138 N3l51! LAY HRGAAHg id1eC I shel

outgoi ng | ght from’one ro pritsmportion strikes on t'he i"noperative face
o o FeREsbeT A PR BE BEHR" 1408 B Iy AU o By pen
exanpl e, outgoing |ight '
height (or altitude, but hereinafter wholly referred to as
"height") of T2 whereas transmitted iight‘goes out of the lighting
prism plate 351 at an outgoing angle of f. as represented by the
two-dot-and-dash liné when the sun is at a relatively low height of
T=a.

Further, when the sun is at a lower height of Ts, t£ansmitted
light is, however, blocked by thé inoperative face K of the |
lighting prism plate 351 so as to be reflected to an ineffective
region.

As described above, analysis of the property of the prior art

type lighting prism plate 351 shows the following results.
(1) That is, the influence of the shape of the inoperative face K
constituting the lighting prism plate 351 is large so that outgoing
light is blocked to be not transmitted but reflected when outgoing
.light from @ne micro prism portion strikes on the inoperative face
of the next micro prism portion.

(2) Further, in the case where a plurality of lighting prism



fromthe first lighting prismplate is required to be effectively incident
on the optical face of the second |ighting prismplate and incident on the
optical faces of lighting prismplates after the second lighting prism

pl ate. Though not shown, displacenment between the respective lighting prism

pl ates Sﬂtéws;speap@&tgé@dlﬁ %hfs%yeeémWﬁbyaéﬂsmgféttBetgoﬁngowﬁﬂti onal
skyl i ght apparatus is conflgured as shown in Flg Fig. 8

cover . SheR a0 miife ETHRNS Pefl e P 1o ofFBuitAd o8 BETERPRERRRALY oo

whi ch serves to dlffuse sky light to take the dlffu ed s ht | ndoors.
That isingifleagn B RtiFal nEree ReEnthensfceng) ?—bﬂt‘th‘b%a% 88 piatg fafe

mai nly sky light indoors as roomlighting but not to positively control the
di r ect iigreigient gin th& erpt hcabr fac@ecaliskightingnpehshoplakesi ghtenppheat us
has the configuration in which sky light is taken indoors sinply as

descri hastand Vi ghthidi pif i @ SpPaé Obl Bidbdiat nbt Sshdéws | edi sguaseémeéntof |ight
cannot be obtained as roomlighting. Further, also in the case where a

diff i t
i ffusiuwlel &l @ééﬁ%% ;ﬁs@f}%% ﬁ;t%flﬁn p@iét@@ 961t hest nﬂeoaeét&ﬁea

there is nothing but to l'ead the diffused sky Iight
I ndoor her ef or skyll ht apparatus having a light distribution plate
set |ns°-L S0 (GRE %ﬁQWu3| blate i's seen but 5 also in this case the

way of spread| q}llght and the |ntenS|tf
rther, a conventional skylight apparatus is configured as

shown in Fig. 81.

In Fig. 81, the reference numeral 421 designates a skylight

frame; 422, a transparent cover; and 423, a diffesion plate which
is provided as occasion demands and which serves to diffuse'sky
light to take the diffused sky liéht_indoors.

That is, the basic object of the conventional skylight
apparatus is to take mainly sky light indoors as room lighting but
not to positively control the direction of light taken indoors.
Because the convention skylight apparatus has the configuration in
which sky light is taken indoors simply as described above, there
arises a problem that a sufficient quantity of light cannot be
obtained as room lighting. Further, also in the case where a
diffusion plate is arranged in the outgoing portion of the indoor
side, there is nothing but diffusing sky liéht to lead the diffused
sky light indoors. Therefor, a skylight apparatus having a light

distribution plate set instead of the diffusion plate is seen but



| i ght cannot be changed or adjusted freely. Accordingly, in the _
conventional apparatus, when the distribution or intensity of light is to
be changed, there is only a way in which the light distribution plate is
repl aced by a new one. There arises therefor a further problemthat a risk

due to ¥psk iR 8hbsgBaBkatBeandyaogosprbadinganeghitghhddicher ihitensi tyl aifes
are required. Further, a conventional solar lighting controller is

'configuiggqtfggngégnggech?ﬁgggoggh%pqEggedS%rngyFig. 82, the reference

nuner al designates a | g prismplate constituting a |ighting

portion. The_lightin rismplate 501 has a_plurali of triangular mcro
prisn1portioﬁgcgﬁéénaﬁgchlarEkFoFﬁﬁﬂeﬂﬁlPHQllBRQPrﬁgﬁé'thFPoﬁthereof, and
teeth (not shown) which are formed on the outer circunferential portion

t her eof déatnibubiengageintensis¥t pfolighfeds 503bghrbangeflr Shegesdsi pady

| ater. The reference nunmeral 502 designates a notor; and 503, a gear for
rotating wae Lhowhioh pheshiphat8is@iibutiba glatvendsf oepdackdt by aohew.
The reference nunmeral 504 designates a central processing unit (hereinafter

referreghéd0 aphefFlarise8sthbbbedrby adrenbihpebblePehati ANr$ER age #BaNS
such as a mcro conputer, or the like. The CPU 504 has a storage function

o, OHALTELAChDBET 31008 BcAl e ThBe SHELETSEgRTRL AL SRICASE pRAES
6 geggeSqugggeébe not or 502; and 507 and 508, |ead wres,

Further, a conventional solar lighting controiler is
éonfigured, for example, as shown in Fig. 82. 1In Fig. 82, the
reference numeral 501 designates a flat lighting prism plate
constituting a lighting portion. The lighting prism plate 501 has
a plurélity of triangular micro prism portions 50la which are |
formed on the lower face portion-thereof; and teeth (not shown)
which are formed on the outer circumferential portion thereof so as
to engage with teéth of a gear 503 which will be described later.
The reference numeral 502 designates a motor; and 503, a gear for
rotating the lighting prism plate 501 by thé driving force of the
motor. The'reference numeral 504 designates a central processing
unit (hereinafter referred to as "CPU") constituted by an
arithmetic operation stérage means such as a micro computer, or the
like. The CPU 504 has a stdrage function and an arithmetic

operation function. The reference numeral 505 designates an input

device for the CPU 504; 506, a connection shaft for connecting the



respectively. In the aforenentioned configuration, data concerning every
date and every tine and initial data concerning the height, azinuth, etc.
of the sun on the date and tine are supplied to the CPU 504 through the

i nput device 505. Here, the CPU 504 cal culates a prismangle of the

lightin ri pl at e, 501 every ur b rying t an_grithmetic operation
on the é#ﬁ%igﬁid%?é.gﬂﬁ BPLRL aﬁgfngPaugﬁﬁo%nafSBHe gﬁﬁanVéﬁﬁﬁé to the
notor 502 to drive the notor 502 to rotate the lighting prismplate 501

t hr oughreseegetveEP3 to thereby pursue the novenent of the sun so that
direct light fromthe sun i.s collected appropriately. Because the

conventionalisotine afghémegttoneéaotbrEifasathenaf aaegesbheeedinyr eokuial
defect in that a long tinme and a high cost are taken for data input if

accur atd‘a@@t@n@d@@égfi £ fné hen@! 2L YRE §atBCcBREREALHG tReSRBiGRE, L0 bE
given to the input device, standard data are stored 1 nh advance™in the input

en . ata ar e i npu
sunl | 2T R Vg TR0 ofrdb 3?3{@'@:{Eé?g{giggfgfyzgﬁﬁitﬁgiﬁ’r%'ggid_e

??5?"?@?@@%@?%@@ Lg‘?ng’l‘tfgg‘ﬁé{'] gr% gﬁﬁ'the hei ght and azimuth of the
sun caused by difference in the latitude and 7 | ongi tude of the pl ace
where the sdlened ithe iCRU cov rorleulatesea prism angle of the lighting
prism plate 501 every hour by carrying out an arithmetic operation
on the initial data and gives.an.instruction of the prism angle to
the motor 502 to drive the motor 502 to rotate the lighting prism
plate 501 through the gear 503 to thereby puréue-the movement of
the sun so that direct light from the sun is collected
appropriately. |
Because the conventional solar lighting controller has the
aforementioned structural defect in that a long time and a high
cost are taken for data input if accurate data adapted to the place
where the apparatus is set are to be given to the input device,'
standard data are stored in advance in the input devicé in advance
so that a control signal is computed by the CPU while the sunlight
~is pursued only on the basis of the data inen from the input
device.
The initial data from the input device, however, do not_

correspond to all differences in the point of time and the height

and azimuth of the sun caused by difference in the latitude and



Accordingly, there arises a problemthat optinmumlight collection at each
point of tinme in the set place cannot be obtained. Furthernore, there

arises a problemthat a long tinme is taken when control due to the CPU is
performed on the basis of the data which are unsuitable to the set place.

There aphgetulde’ W Mtle IANLUHNY tIHdINE AGYHEGY QoD Lo 4 asded

even in the case where ['ighting accuracy based on the initial input data is -
made rse_hecayse deteri.oration of .the physical. property. of the.. .

ant | RGCorALRRING, Thel Srytedt o helorat ShRE il Bdnt dodtHetinn ng
controller is configured as shown in Figs. 83A, 83B and 83C.  In Fig. 83A
the refé&r 8ACE ROAPLaCE &ikeyid dhe fef PHace [awnohhe LRfHd9dat 1ighting
prismplates, respectively. These lighting prismplates 611 and 612 have

t ri angBnathermoy epr ithergoariises & probdens that redmng itisle) is drakah orharme

| ower faces thereof as shown in Fig. 83B. The reference nunerals 613 and -

614 degbgurebe dueveos ther CPU \lishperiForimedhionEhy ibwBid el Hatwl wiilith
respectively. For exanple, each of the drivers 613 and 614 has a notor, a

driving,geghsu?fdpie @& thResk?f piaeee nunerals 615 and 616 designate
controllers for giving control signals to the drivers 613 and 614, '
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be corrected even in the case where lighting accuracy based on the
initial input data is made worse because of deterioration of the
physical property of the lighting prism plate in long-term use.

| Another conventional solar lighting controller is configured
as shown in Figs. 83A, 83B and 83C.

In Fig. 83A, the reference numerals 611 and 612 designate
first and second flat lighting prism plates, respectively.

These lighting prism plates 611 and 612 have triangular micro
prism portions 6lla and 6l12a, respectively, formed on the lower
faces thereof as shown.in Fig. 83B.

The reference numerals 613 and 614 designate drivers for
driving the lighting prism plates 611 and 612, respectively. For
example, each of the.drivers 613 and 614 has a motor, a driving
'gear, and so on;

The reference numerals 615 and 616 designate controllers for
giving control.signals to the drivers 613 and 614, respectively.

The reference numeral 617 designatés a setter which gives



prismplates 611 and 612 every hour to the controllers 615 and 616.

Therefor, for exanple, the setter 617 is constituted by a CPU. Data
concerning prismangles of the lighting prismplates 611 and 612 for
optimzing the prismangles of the lighting prismplates 611 and 612

cor esgonging! YokehOesBRE0RL 28k 8EhTH:GOrBR, SH1ERCEE RAL! A owitBly

referr € posirtion of the sun ery daté and every hour are

stored in the_setter 617 i . Th ' I I [ [
o e oh g Sk CEaTLanty T e e SRS, ApR B, 9 i 6.

I ncidental ly, parts, such as a power supply, and so on, attached to this
appar at us aFbkepeforedfprorremnplerakhsgsettls &37ai 5| comsitd§utsst by BBy
driving the conventional solar |ighting apparatus will be described bel ow
wi th ref erepatat dohcgrniig phish angdekl of dher LigWdngt Py isgpalates 641
powered on to start its operation (ST1l), data concerning the current

posi ti 9nq0E15NecsUBpeYRLY i RGUENEN priendahglake ofeatel N1aghdd ismg been
al ready stored In tﬁe sette? 617 Pn connegtion with a cﬁgékh?n??ﬁded in the

setter_617 (SI?2). I Wi ' ' | | ' :
and 6190aFes Bk Al b A0cbREERHERATRS Yol Fhe, TGN R S e
basis of the data read as,descri hed aao e §ST3 Accar.di,

i n%Pt ﬁeoﬁg

prisn1§P%té§eB§in§§HeﬁlﬁaéP YdFPYERLE prﬁ§lth§%L gb%@tlé@%hging'
drivers 613 and 614 to form?9 required prismangles set _by the setter
617. every date and every hour are stored in the setter 617 in advance.

The conventional_solar lighting apparatus is constituted by
the aforementioned parts 611 to 617.

Incidentally, parts, such as a power supply, and so on,
attached to this apparatus are omitted from the drawings.

The solar lighting controller for dtiving the conventional
solar lighting apparatus will be described below with reference to
Fig. 83C which is a flow chart.

When the apparatus is powered on to start its operation (STl),
data concerning the current position of the sun every hour on the
date are read from data having been already stored in the setter
617 in.connection with a clock included in the setter 617 (ST2).

Driving instructions for the lighting prism.plates 611 and 612
are issued to the controllers 615 and 616, respectively, on the
basis of the data read as described above (ST3).

Accordingly, the lighting prism plates 611 and 612 are driven

simultaneously by the respective drivers 613 and 614 to form



Hence, the solar lighting apparatus always collects light rays of the sun
In a predeterm ned direction regardl ess of the change of the position of
the sun. In the solar lighting controller for driving the conventi onal
solar lighting apparatus, there arise the following problens in a practical

case. (Iégﬁgﬁsﬁs rliiG 'ah%'ifeis”%e‘%r by MeRled st t31e gdit.en driven

si mul t ane he controller has®a nerit that the driving can be

controll ed cgntinuoysly, that .i.s, l.ighting characteristic.can be .i.npr.oved
in accuracy.ﬁeﬁcfhe%§8%FPéF§,lﬁ@@&d& Fﬁg%f XS ¢ Wﬁyﬁiﬁ?%;ﬁﬁﬁssﬁﬂﬁh%/rays
becones | arge, not only the cost of the controller increases but also

el ectri @fpﬁaér s#gn 4 Bmad P e derte rad et digeqtione Fegardlesspado tien ghpnge, o f
driving nethod in the conventional solar lighting controller cannot neet

t he demthe pbsttieducifi ¢hei sunhe cost of the apparatus and reduction in
consuned el ectric power should be obtained in exchange for |owering of

accuracy in fhgkhengogher aGgatinlg eoh® rdlnkeactfioraldri vies ameblconvesitfdnail e
degree. Further, an origin position detector as the conventional solar

lightin t & nlgS Lguked | @ he@Fo3AW i end4An 4B
84C, 85%9%%3 %ggbgfﬂbFFEEEEE% séngh%g%,gﬁzggre erence nu#gpgﬁ 70f :
desi gnat es g.la%hting prismplate which is rotated by torque of a notor
(not 10PTaCEAGRA) C@8F -t he 1i ke, while held horizontally by a rotation

holding(l) Because the lighting prism plates are often driven

simultaneously, the controller has a merit that the driving can be
controlled continuously, that is, lighting characteristic can be
improved in accuracy. On the contrary, because the capacity of the
power supply becomes large, not only the cost of the controller
increases but also électrié power cohsumed by the controller
increases.
(2) Accordingly, the driving method in the conventional solar
lighting controller éannot meet the demand that reduction in the
cost of the apparatus and reduction in consumed electric power
éhould be obtained in exchange for lowering of accuracy in lighting
characteristic to a practically reasonable justifiable degree.

Further, an origin position detector as the c&nventional solar
lighting controller is configured, for example, as shown in Figs.
84A, 84B, 84C, 85A and 85B.

In Figs. 85A and 85B, the reference numeral 701 designates a

lighting prism plate which is rotated by torque of a motor (not

10



mechani sm not shown. The reference nuneral 702 designates a |light ray
shutter which is provided on the outer circunferential portion of the
lighting prismplate 701 so as to project. The light ray shutter 702 is
arranged in a reference position which is the origin of the lighting prism

plate 70dnhowdE, I&F SEROCEL K& BWRE 1d OBe @ ShaPPEERLALLY OBy 8CP6@AtidR hbBBAing
detailed structure of the li1ght sensor 703 is showmn in Fig. 84C, a

phot odi ode ,705. [ -emtting element is put into a |lower |eg portion
704a of H T %%“gcf??iés%&ﬁ'g‘ckage 704, and a phototransistor 706 as a

i ght-receiving el epent and an electrjic_source therefor and el epents .
rel evant therBi® 8ECHRRCE Myneratpht fe3igratesnd 7bh%h5fr?ﬁesg'gﬁfi3§em76ﬁh
After the optical sensor 703 is arranged in a position where the |ight ray
shut t er I Pywisded ton othh eutencel reunfevpehial pertion gbstherlighting
package 704 when the lighting prismplate 701 rotates, the optical sensor
703 i s fprdicsh tpl &t UPRDréo (ot tshpyeject n thice di bghtigsayt Skeuttéer ed2eis
character O designates the center of rotation of the lighting prismplate.

The 1ef @GRy dWINE &k Srd £6Fdnd@ bbb &1 £ 1o85h PR s | BRIt of £§ Th NGE stiwé t he
optical sensor 703 (that is, input termnals of the photodi ode 705); and

[err] and 7 out put_1 erm s of the optical sensor 703 (that is,
out put ﬁéﬁﬁ¥¥§§;gﬁaéﬁ;Péﬁ% d??ghsistor 706 or output termnals via other

el ements rel evant thereto). In the follow ng description and in Figs,
84A, 84B, 85AhthFeERTencRAIMEAE T3 IRFHIA2ERF i nhighb BeRSPF essRE HRe
singl e '

detailed structure of the light sensor 703 is shown in Fig. 84C, a
photodiode 7d5 as a light-emitting element is put into a lower leg
portion 704a of a C~shaped resin packagé 704, and a phototransiétor
706 as a light-receiving element and an electric source therefor
and eleﬁents relevant thereto are put into an upper leg portion
704b of the package 704. After the optical sensor 703 is arranged
in a position where the light ray shuttef 702 passes through a
space in an opening portion.704c of the package 704 when the
lighting prism plate 701 rotates, the optical sensor 703 is fixed
to a support (not shown). In the drawings, the reference character
O designates the center of rotation of the lighting prism plate.

The reference numerals 705a. and 705a= designate input
terminals of the optical sensor. 703 (that is, input terminals of
the photodiode 705); and 706a. and 706a=z, output terminals of the
optical sensor 703 (that is, output terminals of the

phototransistor 706 or output terminals wvia other elements relevant
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| i nes 705a and 706a, respectively. In the aforenentioned configuration,
when el ectric power is supplied to the |ight sensor 703 through the input
term nal 705a so that, for exanple, infrared rays are radiated fromthe
phot odi ode 705 to the phototransi stor 706 on one hand and the |ighting .

pri sm phatetddl i Inr @het FdlWowinghdeddni ptfion el iion Figsli 8 Ave @4By BN
the other hand, the light radiated to the phototransistor 706 is shiel ded

by the_lijg ra tt 02 nign digty ' ' S I't,
the Vol a8 Bar Soenct AaPSS S AR eI ] dugthed i
703 geperate n ON_signal as an qr.igi.n detection signal. Wen the lightin
prisn1EF8F§ §8$ai§"9héﬁ%PUrfﬁ§PeF 3%&3‘50 as to go out of the origingas .g
shown in Fig. 84B, the shielding of light by the |light ray shutter.702 is
cancel ed solfhiher éépéﬂelﬂéﬂtépnle%gﬁp_ £3 gura i o thets jedest righ R SR des
again. As a result, the voltage between the output termnals of the |ight
sensor sipplietiutos the iltighdr isgnsar 7A3udchromghhdthe Havputgterseimedr 700R so
generates an OFF signal. In the origin position detector of the solar

li ghti gaagpPabat exampee,i Anithareanyenis aradl radiatdd Hriomgheoshotlddiiodd he
foll ow ng problens arise on the aforenentioned configuration. (1) If error

ok oINS 8" b, 5 o8 U (o8008 B SPhanR Nl ae g aprign |

other _hand. hRe LLOnting A aTRl LS PIRANYR Yol HA Y Tdianism
on the other hand, the light radiated to the phototransistor 706 is
shielded by the light ray shuttér 702 in a condition shown in Figqg.
84A. As a result, the voltage between the output terminals
changes, so that the liéht sensor 703 generates an ON signal as an
origin detection signal. When the lighting prism plate 701 is then
further rotated so as to go out of the origin as shown in Fig. 84B,
the shielding of light by the light ray shutter 702 is canceled so
that radiation of light to the phototransistor 706 is made again.
Aé a result, the voltage between the output terminals of the light
sensor 703 returqs to its original value, so that the light sensor
703 generates an OFF signal.

In the origin position detector 6f the solar lighting
apparatus used in the conventional solar lighting controller, the
following problems arise on the aforementioned configuration.

(1) If error on production arises in the iightihg prism plate

holding mechanism, backlash may occur in the holding of the
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anbi ent tenperature in use, so that the outer dianmeter of the |ighting
prism pl ate changes. Wen, for exanple, the lighting prismplate 701
expands thermally as shown in Fig. 85A there is arisk that the |ight ray
shutter 702 touches the inner wall of the opening portion 704c to thereby

di sorde s ali t he hi0 n S at 0 e t
holdlngiﬁgﬂﬁaﬁ% %?aﬁgnp?éghllghh 235 gﬁﬁ%?eghnh Sggsééaﬁﬁggggﬁ&?ﬁg gggﬁﬁng
portion_ 704c.of the ? Qg and t hat R of .the I|i %b
pri sm pF&Pan 961°§t88§ ﬁcFﬁe F@P Xs8°%ﬁ8FB°P é“ﬁ §ht|n3 §r CLARgRaPE FOE
touches the side wall of the package 704. On_the other hand, when the

| i ght | ngbieBk BEEPRrabUrechnr HEEs §9 $haknthe pugersdmamepere ofs theought
about a situation that the lighting prismplate 701 passes through a space
in the Iighting phésmpphahg pbahges.704c of the light sensor 703. In any of
the cases, the position of the origin cannot be detected by the Iight

sensor 703 tvpes) E6e ék&hbl@g enésmhahaiﬁg79%1§ﬂtgna&eandlpa&gaﬁdhhrough'
the position of the origin. The sanme phenonenon as descri bed above is

br ought . pbay 511% 1 sﬁ@ﬁ thereqbagkhasingecuss bnile PAbY 4ok ibhe ray

Ilghtlng pr| feaduré counter to orenent.i on
situatign,

o1 R SRkl T oucnel KREEhel! wblEto?, HhlbpRRiag, phPng, TeR Rl 1S
pOSItIOQhéieby disorder the allgnment of the lighting prism plate 701 and
the rotation holding mechanism when the 1light ray shutter 702
passes th?ough the opening portion 704c of the light sensbr 703,
and that the rotation of the lighting prism plate 701 stops in the
worst case where the lighting prism plate 701 touches the side wall
of the package 704. | |
On the other hand, when the lighting prism plate 701 contracts
as shown in Fig. 85B, there is brought about a situation that the
lighting prism plate 701 passes through a space in the front of the
opening portion 704c of the light sensor 703.
In any of the cases, the position of the origin cannot be
detected by the light sensor 703 though the lighting prism plate
701 rotates and passes through the position of the origin.
The same phenomenon as described above is brought about in the
case where backlash occurs in the holding of the lighting prism
plate.

(2) As a measure counter to the aforementioned situation, it may

13



the light shutter provided to the lighting prismplate is adjusted
correspondingly to the season. In the forner case, the light- emtting

el enent side and the light-receiving elenment side are required to be
powered up. In the latter case, nuch |labor and time is required. In each

of the QQ§%%06?ﬁ€”&P;€@§€ &Sliﬁﬂﬂié@ﬁsof3ﬁa€yﬁ§h§ﬁ1o?@ﬁih@'ﬁbﬁéhSn (sensor
tenperature of the existing light sensor is structurally in a range of from

about [eryl].to out pOlerr On _the ¢ rary,. i he a i ght.i '
Sooar at e LAY PAGE er edd SuiBh T et HECEREE Fpe HObhERop, 0t
lighting prismplate is arranged in a hood, Accordingly, the tenperature
of the Bawowm-n sHiEreE HRr oY ied sk sbhe kightbngeBr i SmeBipkat &8 pdineted

hi gh as about 100[err] in the sumrer which is the hottest season. In the
sol ar | iqgniespapbinglyisto t the eséaseny i skntblae formér ghaseentbe highbe used
at a high tenperature beyond the allowabl e tenperature range. (4) As

descri beghidoMey dTenédlet COIYEEnd NBhe CDIGhEUF&Ee DRingtelomentf scabt ate
detect the position of the origin of the lighting prismplate constantly

and acc é@éﬁl [ e i LS | i i N :
char act g 1St |ﬁcédo1f&f%éisﬁcﬁér/rﬁ rglﬁ%; i ngf%g%% a%(%és@%eec%%es' uﬁgh%gb?%?ogumﬁ\:(md% '

THE | NVENTI ON An obj f th ssent | tion is therefor t id
14 s dIHShy AibAALOTN AT n 31 PEIRCRRF 17 cregultadoni ch

apparatus a predeterm ned optical_ condition for a lighting prism
(3) Further, the tolerable temperature of the existing light

sensor is structurally in & range of from about 0° C to about 60° C.
On the contrary, in the solar lighting apparatus, temperature rise
is also caused by the use condition that the'lighting prism plate
is arranged in a hood. Accordingly, the temperéture of the portion
in which the light sensor is arranged is estimated to be as high és
about 100" C in the summer which is the hottest season. 1In the
solar lighting apparatus, there is a risk that the light seﬁsor may
‘be used at a high temperature beyond the allowable temperature
range,
(4) As described above, in the conventional configuration, it is.
difficult to detect the position of the origin of the lighting
prism plate constantly and accurately. Accordingly, there is a
risk that the lighting characteristic of the solar lighting
apparatus becomes unstable.

SUMMARY OF THE INVENTION

An object of the present invention is therefor to provide a
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plate is set so that sunlight is pursued appropriately correspondingly to
the change of the height of the sun throughout the year. Another object of
the present invention is to provide a solar lighting apparatus in which

di ffusion of outgoing light rays can be reduced. A further object of the

presensollavedtight ing apparabiude excelland iightlih tARRA e i idhai) Ghh tlifich.
probability that the blocking of transmtted |ight by an |noperat|ve face

of a fthaL:hﬂhE' BgpE@B%'E'eEhﬁtnpedegtl%qurco%%lQﬂﬁ; rbg'lltfellr@ g %' ng

prismplate is reduced so that total transmttance e

l'i ghti r{io an_b r d f.urther ect of t.h resent invention
isg E?s@?de5a9§§|§9 ﬁPSEFSHGEé§3§réPu?Wrﬁ APRTORT; an be made for
a Ion time thrq ghout the year and in which nmachining property and weat her
reS|stSﬂEEe€Hﬂngé Bﬁﬁr69e&heA°PGP9ﬁePfoﬁpécbeéﬁhﬁh@fp2@§bﬁmﬂ|ﬁh§ﬂMQh©q% to
provide a solar lighting apparatus in which reflection of |light on the

sur f acthefyaakighting prismplate is reduced so that the quantity of
transmtted |ight can be increased. A further object of the present

i nventi on i Asnbehprovbgece 68l ahel pgbkeRe 2ARBNREBH Wai &b :p%%vaalei @il Gr
prismplate 15 driver/holder as a practical device. rt her object of

the prepgitingVephhPlehs iR BhO%h98i8fusion of outgoing light rays can be

reduced.

A fdrther object of the present invention is to provide a
solar liéhting apparatus in which the probability that the blocking
of transmitted light by an inoperative face of a.flat lighting
prism plafe will occur as a defect of the flat lighting prism plate
is reduced so that the total transmittance efficiency in the |
lighting portion can be improved.

A further object of the present invention is to provide a
solar lightin§ apparatus in which lighting can be made for a long
time throughout the year and in which machining property and
weather resistance can be improved.

A further object of the present invention is to providela
solar lighting apparatus in which reflection of light on.the
surface of a lighting prism plate is reduced so that the quantity
of transmitted light can be increased.

A further object of the present invention is to provide a

solar lighting apparatus which has a lighting prism plate
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solar |ighting apparatus which has a holder for holding a Iighting prism
pl ate stably regardl ess of the deformation of the lighting prismplate
caused by thernmal expansion. A further object of the present invention is
to provide a skylight type solar lighting apparatus in which sunlight is
pur suetk iverd MfoXét tadna Opradeical gevida@l not only optinmumlighting is
made but also light distribution characteristic is changed freely. A

further Objﬁ%v%%lhéx{‘ﬁoﬁ%géfn&f | EHEHEOBeh mvel;,egsgieaﬁt £8! Brobiabt Ang

apparatus in e position o e origin o Ing prismplate can
be detected constantly and accurately. A further obpjec .Lhe_present
i nventSURE gt tp’r’b‘%i%%"%%'b‘?%r“l”r%tﬁ"?@ %%‘P?@?F ePJ’f nﬁﬂg%bﬂgcﬁr égﬁgbﬂgcan
be made correspondin lf to lowering of optical characteristic of a |ighting
pri smupH g &Jems%dstbs?b Hrgegarddess of the (deformpeien opf Haep} tgbhing
invention is to provide a solar lighting controller for driving a |ighting

pri smpxisme platdicdusedivoy | drexrmal hexparssion. t he apparatus and reduction
i n consunmed el ectric power can be attained in exchange for | owering of

accuracy i |fiieHeY SHPEGELSE | Bhé Cpidsén©r BSvéseidy Isaconpbbeidegaee. To
attain the above object, in the solar |ighting apparatus according to an

eSPecla1 . R oLV ST S b L0 S o Sy UL o4 g
pl at'esinartetl(er O[;[oas:[iatbilc}ln aorfr at”t?eedsdr{] stg e’cl'lzaing.J hr&ci)'g] gonly optimum light'ing is
made but also light distribution characteristic is changed freely.

A further object of the preseﬁt invention is to provide a
solar lighting apparatus in which the position of the origin of a
lighting prism plate can be detected constantly and accurately.

A further'object of the present invention is to provide a
solar lighting controller in which correction can be made
correspondingly to lowering of optical chafacteristic_of a lighting
prism plate caused by long-term use.

A further object of the present invention is to provide a
solar lighting controller for driving a lighting prism plate in
which reduction in the cost of the apparatus and reduction in
consumed electric power can be attained in exchange for lowering of
accuracy in lighting characteristic to a practically reasonable
degree.

To attain the above object, in the solar lighting apparatus

according to an aspect of the present invention, one lighting prism
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portion at intervals of a predeterm ned distance, and prism angles (angles
of rotation) of the lighting prismplates are controlled correspondingly to
the height and azinmuth of the sun so that the sunlight refracted by the
lighting prismplates goes out in a predeterm ned direction, wherein when

two, fi rﬂa@nowma&i;gfﬁf'f%@éasmpéaw?sn@mgug@@ltféntdaﬂ aightravieyi M
0

pl ates, the condition given by elther one the foll owi ng expressions (1)

and (2) 4 ¢ sfied. | ' : r : ‘

N L te prten 18 ddes are rosatably afrdngéitl the Lishting

out goi ng angl e between outgoing |ight_and the porpal |ine when opjectiv

Vi ght 1 BT Gon 1RE | RERIVHER gift DIPTIASEORPLRRY GLTCARGRY (F9 PFLTR| FRRLERG
prismplate, OH represents the maxi num hei ght incident |ight outgoing angle
bet ween GRYRHPT igtatient RE fdheral ighhingRni s gptategsage @%@th@ghéét
hei ght of the sun goes out, and [err] represents a perm ssible incident

angl e r argE dspodd inig Iheto adomcheigiing i angd paz fmofth ab £ Claen doen. comit tivat ethe
Preferably, mcro prismportions are forned on either one of or each of the

first andireghy ddAHd e By StAP! B fst S8y 35r 16 DS1L PEPOSGdEs tOu@Nih Ngi dent
face of the lighting prismplate in the direction of incident |ight rays.

b cach BRSO AL SRS 086, oL La¥felt, port o
lighting prism plates are used as the lighting prism plates, the '
condition given by either one of the following expressions (1) and
(2) is satisfied:

(|éH]| + |0L])/2 2 (90° =~ fea) ceaes(l)

|oH] = |oL]| ceeea(2)
in which 6L represents the minimum height incident light outgbing
angle between oufgoing light and the normal line when objective
light rays at the lowest height of the sun goes out from the first
lighting prism plate, 0H represents the maximum height incident
light outgoing angle between outgoing light and the normal line
when light rays at the highest height of the sun goes out, and fa
represents a permissible incident angle range in which the_second
lighting prism plate can be controlled. |

Preferably, micro prism portions ére formed on either one of

or each of the first and second lighting prism plates so as to be
opposite to an incident facé of the lighting prism plate in the

direction of incident light rays.
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di spl acenent S is provided between an end portion of inoperative faces of

the mcro prismportions of one lighting prismplate and an end portion of
i noperative faces of the mcro prismportions of the other lighting prism
pl ate; and the distance of displacenment Sis determned in a range 0 < S <

P (P pri Snb?ietf%r})abi& R *&ﬁ%@d;;ﬁf%‘i&rﬂééi% dre "Pd@dﬂ&?&natﬁféffé@é% yfar.%@e

inoper ative face angle a o O prismportions o east one o

the lighting prismplates satisfies the follow expressions: [err]
_____ tldp; pe aeh’ of the Lighting Aigm RYALHF] &t ALSHNRSA s (he

out going angle of the lighting prismplate at the | owest height of the sun,
and [ eAippPlageseatt § tise pravjdiady hatgleerpfan end ipprtiep »f siAqpenatiyet he
hi ghest hei ght of the sun. Preferably, at |east one lighting prismplate
usi ng facesepifalthe fierenprismilpesr thorzerofi e Xadhtindeplsm plate cnd
lighting prismplates arranged in the lighting portion. Preferably, as a

conmbi nahi eRdobolite onl P iiMGperativdl FHRfes BT tRhElcrse i\ goriide of
group of polynethyl methacryl ate, polynethyl pentene, norbornene resin, and

o et ol thRE TAuRcite PRl en pIot e Ot P S W sRlodiRer €

NI gh-relr aehlYRi M iy 2GR 3° LY XY AP ism pitch) so that the

transmittance is maximized.

Preferably, the inoperétive faée angle o of each micro prism
portions of at least one of the lighting prism plates satisfies the
foilowing expressions:

90° < o S fe sesea(3)

brn = a £ fa _ - ceses ()
in which fe represents the outgoing angle of the lighting prism
plate at the lowest height of the sun, and 8» represents the |
outgoing angle of the lighting prism plate at the highest height of
the sun.

Preferably, at léast one lighting prism plate using a material
different in Abbe number is mixed in the plurality of lighting
prism plates arranged in the lighting portion.

Preferably, as a cbmbination of the lighting prism plates, one
member selected from the group of polymethyl methacrylate,
polymethylpentene, norbornene resin, and amorphous polyolefin is

used for one lighting prism plate and polycarbonate is used for the
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excel lent in machining property and weat her resistance is used as a
material for the lighting prismplates. Preferably, in order to prevent the
surface reflection of light rays, each of the lighting prismplates is
coated with at | east one coating |layer of a fluorine type antireflection

fiIn1hqg{@gra%¥€+égﬁa1%pig%ngiéFePreferably, in order to drive/hold the

lighting pris at e“accur at there are provided: a drive neans having a
driving roller for tating.the lighting prismplate on the basis _of a ’
pr edet er mi netF © ﬁf?%fyfn@tgbﬂgrﬁﬁngFFégﬁoﬂaiﬁﬁlﬁg'tﬁ@cHeFShPPinFﬁ%Pﬁfte'
etc. of the sun; a pressure neans for elastically pressing the lighting :
pri sm pexgellentn bpcnachibningdprtiopeppir andewrather resisibngesdgpysedngst Re
lighting prismplate froma side opposite to the pressure neans. In this

case, materibdl yfot heher bsghténgepnssmsptahesi.t uted by at | east one
pressure roller for giving pressing force to the lighting prismplate from

one side thrppglefABEY ) Cih06£8e 8T t8 PPEVBALSHRBOELUREaLR ekl ¥ediBaAr bifon;
and the support neans Is constituted by at |east one pair of driven rollers

I
whi ch d | Lt h . i ch
ot ot e AR LERHEL oReROSE | LRECLEDRPERL ol Pon'BIREESS IR L ER waRA WA CN,
the predeterm ned posjtions to thereb supgort t he Eressigg 19 ﬁirce of
the prefafte RF| a.‘tPP‘éfJe%%lfy?ft%efﬁP?% feb¥eenautirgbigrtigp §idmng

rotation ,
having a uniform thickness.

Preferably, in order to drive/hold the lighting prism plate
accurately, there are p?ovided: a drive means having a driving
roller for rotating the lighting prism plate on the basis of a
predétermined control instruction corresponding to the height,
azimuth, etc., of the éun; a pressure means for elastically pressing
the lighting prism plate from one side; and a support means for
rotatably supporting the lighting prism plate from a side opposite
to the pressure means.

In this case, preferably, the pressure means is constituted by
at least one pressure roller for giving pressing force to the
lighting prism plate from one side through elastic force of a
spring supported to a fixed portion; and the support means is
constituted by at least one pair of driven rollers ﬁhich are
arranged in positions opposite to the pressure roller and which
rotate together with the rotation of the lighting prism plate while

kept in the predetermined positions to thereby support the pressing
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force to the driving roller directly or indirectly, a sunlight condition
detector for detecting the condition of novenent of the sun such as height,
azinmuth, etc. of the sun, and a setter such as a micro conmputer, or the

i ke, for receiving a signal fromthe sunlight condition detector and

gi ving %r%’ltd'fﬂtdé’l%rréggdlog i&1ide notor. Further, the drive neans may

have a rst tor ransm ssi on neans such as a gear, or the |like,

provi ded on the outer circunference of the driving roller, and a second
torque trandhei8T@Pbarihe iH ve meaps hagra (metor kEor pgbvingrehat hen
outer circunference of the lighting prismplate or on the outer

ci r cunfforeecdofthe dhricdimg inokliewy directliwion imdifeghlyngapsushightte for
receiving torque transmtted by the first torque transm ssion neans, $o

t hat tleendigiidmdiqieciom| fire detetit MR the (dEndPEion Cbf tHevEnEh £ Obf the
I nstruction given to the drive neans. In this case, preferably, the

i ghti RGnPlsuEN ralsa%%ﬂg‘i%dﬂe'adu%&t?' £'éd Lord dsmi ol Nl L &Y E3u IR0Ls Of
transparent resin I's case, pre erab Y, % I ng a es are |d

nount e nmetal rotar throug i-nserti.on, or st a e |tt|

r ovi 8aAERS: SOBRY 8 e rdl S SR AE R L2 R

t hermal expansi on coeff|C|ents of the holding plates and the Ilghtlng prlsm
pl at es SERA 198 ta5e8addd om e teghan angh(givitke &gantiolyhinsky ugipomt te iﬂm

a skylight, conmprises a lighting neans for performng I|ght|ng

corr espotoirngl y

Further, the drive means may have a first torque transmission
means such as a gear, or the like, provided on the outef
circumference of the driving roller, and a second torque
transmission means such as a gear, or the like, provided on the
outer circumference of the lighting prism plate or on the outer
circumference of a concentric ring united with the lighting'prism
plate for receiving torque transmitted by the first torque
transmission means, so that the lighting prism plate is driven on
the basis of the control instruction given to tha drive means.

In this case, prafefably, the lighting prism plate is held by
using a plurality of holding plates made of transparent resin.

In this case, preferably, the holding plates are idly mounted
on a metal rotary ring through insertion or stoppage fittings
provided separately so that differences in expansion/contfaction
due to thermal'expansion coefficients of the holding plates and the

lighting prism plates can be absorbed.
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to the height and azinmuth of the sun the direction of light rays of which
changes every nonent with respect to a skylight for taking sky |ight

i ndoor, wherein the lighting neans is formed so that one lighting prism
plate is arranged or a plurality of lighting prismplates are arranged up

and down at pirRleelr b5 Oftrd RIAME qri@%\ggagﬂiéﬁmw%m étﬁig%rgwi ng

prismplate(s) is rotated to thereby al noptinmum i ncident

correspondi ng to _the hei.ght and azi muth of the sun. .In this cas | f. raom

[ Cant - BROPERBEE: an Lighking AEFTS, A Rhrdquming, Tianfing Soritihendyigfe
is arranged in the outgoing side of the |ighting neans so that diffusion of
i ght &&ntbe brigbhdd @&imudh iafy YheyEun dhssiHirentian fF ohlght Lavg et
out goi ng portion on the indoor side. Further, in order to detect the

posi ti which rhengeisgieveiry momend] arith glespertapparatakylidht stomrtdkighg i ng
apparatus conprising: an origin roller provided in a reference position of

the ougRy ¢hgaenfiadedl,awhedelinorthef ik dind) ndithPris Bdnd® &5 tHer Gngin
of the Iirghting prismplate or an origin roller provided in a reference

posi ti 9Rght i hBe pRULAF Eqian;gu TECLeHrded Ul 10 p1dfr A1 13 Y TidHE %y (Hism

origin of the“lighting prismplate en the rotary ri'ng 1s integrally

provi de n_the outer circunferen of the |.ighti i.sm.plate sa as,to be
concenPglageﬁli £h% RE rlainaﬁfii H& 6P| s%%fﬂnataet; lé'tf%valrpne%aanirgcrg (fengeczﬁnomgevﬁ tch

in which a contact. is made toQ be gperated by the origin roller_in the |ocus.
of rot@if6AnEe ARE ‘thakt the Aidking prism plate(s) is rotated to thereby

obtain optimum incident light corresponding to the height and
aziﬁuth of the sun.

" In this case, if room light disﬁribution is required to be
selected, a light distribution plate is arranged in the outgoing
side of the lighting means so that diffusion of light can be
changed by controlling liquid crystal orientation in a light
outgoing portion on the indoor side.

Further, in order to detect the position of the origin in the
solar lighting apparatus, the solar lighting apparatus comprising:
an origin roller provided in a reference position qf the outer
circumferential portion of the lighting prism plate as the origin
of the lighting prism plate or an origin roller provided in a
reference position of the outer circumferential portion of a rotary
ring as the origin of the lighting prism plate when the rotary ring
is integrally provided on the outer circumference of the lighting

prism plate so as to be_éoncentric with the lighting prism plate; a
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plate or the rotary ring is arranged in the locus; and a prismring

position driven neans for supporting a prisniring position detection roller
contacting the outer circunference of the lighting prismplate or the outer
circunference of the rotary ring and rotating together with the rotation of

the |1 SHEEAGNPERITHERGE s coh® HOMMIE W Saftdch W GHAM (1 Qperaled

rotation o ting prismplate or the rotary ring an supporting

th ' i tch, t k.th i ti | l.ati t t.h t.act
1 T Rt 68 3n2koh e’ 35 s aBRSlE oWl 2 B Sl op A

controller for controlling the solar lighting apparatus conprises a central
processPhgtenPr thel uotagyardvgad spasirangedddnedher losusgedd ianprifm/ring
hei ght and azinmuth of. the sun at each point of tinme in a place where the
sol ar | pgbfikignagpdrvenumeanss&br sugppor timigt ampriiemsirdmay iposidtiemage neans
such as a mcro conputer, or the like, wherein a solar position signal

cont ai ngagetbecher8l e2NdontiatitiAgOtneNButier 2l rRdmEcrente ¥t itNE 1digiing
fromthe solar position detector i's given to the central processing unit

d subj d lLt.h [ ' ' I is i4 t
her obyPf SeficpA8rE BERRL! BuREP EI Rl rkd oids BFSHE dRAER X AN Ml D1

unit to_thereb f tati trol. to locate the Lighti t
"N an oFPFRERRBOEPBRBRSEoMERpbHE: RGP HLOM RE 508 MIGREING RS ot BLzse O

Further, the solar lighting controller may conprise a setter including an
arit hmethe optanyi sangowhide sreckdogmthesloguls @f yotation of the

lighting prism plate or the rotary ring and for supporting the
micro switch so as to track the positional relation between the
contact of the micro switch and the origin roller.

Further, the solar lighting controller for controlling the
solar lighting apparatus comprises a central processing unit
including a solar position detector for detecting the height and
azimuth of the sun at each point of time in a place where the solar
lighting apparatus is set, and an arithmetic operation storage
means such as a micro computer, or the like, wherein a solar
position signal containing the height and azimuth of the sun at
eagh point of time given from thé solar position detector is given
to the central processing unit and subjected to arithmetic
processing in the central processing unit to thereby issue a
necessary rotating instruction from the central processing unit to
thereby perform rotating control to locate the lighting apparatus

in an optimum position correspondingly to the position of the sun.
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m cro conmputer, or the like, and a tine neasurenment function capabl e of
measuring at |east date and tinme, wherein solar position data every hour
are read into the setter in connection with the tine nmeasurenment function
to thereby set the prismangle of the lighting prismplate driven as

descri bed alanahekhe td@ aroldghtiighst ioantdond ol Yer tikey comugpri sesa asstinér ght
lighting condition detector arranged so as to be opposite to the lighting

prism ghati@die s A it Ul Ypet £ain Yordttol | EddYk GREKHS | Aicrled £c4 or

is given to thé central processing unit or the arithnetic operation storage

Teans; 3L LS, JL0CESS G, LS Rer Fared i d e Lol PraGessi g unit or

the arrthmetic operat’i on storage rfedns, “and a corr e

instruction_.is issued fromthe _centra rocessing unit or_the arithnetic
opor at FORSBIE: S50 MAGTHE LG (horl it AL Antha 1R miHRF Sn (SR14% T Hton
prismplate to obtain an opti num prism angle correspondingly to the

posi t i 6atef evesyshwurF@rehaead rnntee the @mettightimeamagtuidarewith [thght i ng
prismplate driving nethod nay be carried out so that the lighting prism
pl at estame sekararemen tbfyinetdod tter thidretlyy setd thd @rilded enidle iof athe
predet er mi ned sequence so that optinmum prism angl es are obtai ned

correspopdiaky pkQ shh 182 WrQ¥ed ah@eddt iR . Further, in the
solar lighting Control'ler, when one cycle of 23 driving operation in the

Stens of | NEREMELh Rt b il Wong i 1990 Hdehdd Wl dd ARl e S
- lighting condition detector arranged so as to be opposite to the

lighting priém plate, wherein: the output signal of the lighting
condition detector is given to the central processing unit or the
arithmetic operation storage means; arithmetic pfocessing is
performed in the central processing unit or thé arithmetic
operation storage means; aﬁd a corrected rotating instruction is
issued from the central pfocessing unit or the arithmetic operation
storage means to thereby control the rotation of the lighting prism
plate tb obtain én optimum prism angle correspondingly to the
position of the sun.

Fu;ther, in the solar lighting controller, a lighting prism
plate driving method may be carried out éo that the lighting prism
plates are driven one buy one alternatively and intermittently in a
predetermined sequence so that optimum prism angles are obtained
cqrrespondingly to the position of the sun every hour.

Further, in the solar lighting controller, when one cycle of

23



time may be provided before the driving operation of the preceding steps is
repeated. Further, in the solar lighting controller, driving elenents such
as motors, or the like, provided as constituent elenments of the |ighting
prismplate driving nmeans may be provided as common driving el enments of a

smal | ergpygbRg B?QPa{:E‘SnnﬂﬂbEﬁeOEt{eBg bEg'.i!h'l:@gm@"t‘éﬁ‘t@.&ah?iviﬂ]gt kgl the

comon driving elenents are used be comon to a plurality o I|ght|ng
prismplates throu t ching neans, BRLEF DESCRI P H

e ThEtREaHIeR R abhhE nRREsH- BlgEeg L5 FRRBTE e ﬁveﬁt PhsaeEepuingd, Bajt
schematic front view show ng the basic configuration thereof, F| . 1B and

1C ar e &l JRaY obg Pravidesdobrfgrenthsi driiNdePERE athendeht th?gmfef—'agimg
outgoing angle [err] and the nmaxi num hei ght incident |ight ray outgoing
angl e stepespectepedpedand Fig. 1D is an explanatory view show ng a

pernm ssible incident angle range [err]; Fig. 2 is a table show ng

experi ment al rieehiét $ mptheaisozaarmgntiﬁ ji épntPollerspaeivingt edements
lighting prismplates in Enbodi nent 1-1 of the present invention; Figs. 3A

and 3B éﬁ&afég%oﬂbfé"s BEbf %ifi‘Et B6Y 188 EHQO%HEEEt&eﬁt%l&ﬁ@n%eéﬁnt

I nventi on; Flg 'S ta OW Nng optica Characterlstlc In the
config éﬁ: églgggprlsm gigte5d£§v1ngr8ggn¥|§§§SQ8 gvgged as'gommon

conflg

driving elements of a smaller number than the number of the
lighting prism plates so that the common driving elements are used
to be common to a plurality of lighting prism plates through
switching means. |
BRIEF DESCRIPTION OF THE DRAWINGS

Figs. 1A to 1D show Embodiment 1-1 of the present invention,
Fig. 1A is a schematic front view showing the basic configuration
thereof, Figs. 1B and 1C are explanatofy views showing the minimum
height incident light ray outgoing angle 6L and the maximum height
incident light ray outgoing angle 0H, respectively, and Fig. 1D is
an explanatory view showing a permissible incident anglehrange fa;

Fig. 2 is a table showing experimental results (optical
characteristic) in the spécifications of lighting prism plates in
Embodiment 1-1 of the present invention;

Figs. 3A and 3B are front views of important part in
Embodiment 1-2 of the present invention;

Fig. 4 is a table showing optical characteristic in the
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| i ghting apparatus having a plurality of lighting prismplates arranged,
which view is used for explanation of Enbodirnments 2-1 to 2-4 of the present
i nvention and a conparative exanple; Figs. 6A and 6B are tables show ng
conditions for Enbodi nent 2-1 of the present irnvention, Fig. 6A shows the

shape ofohk98hirR8iBhi 88 Piglesa;and Fig. 6B shows dispersion corresponding
to the solar height in the case of Fig. 6A, Figs. 7A and 7B are tables

showi ng conditj.on r _E L.ment. 2- f. th r i ' Fig. o7
Shows. The shEBE%op tEgRt ERGHSr vanv bl Rper BR8lk cBhE i ord g 2
correspondi ng to the sol ar _height in_the_case of Fig. ,7A; Fi.gs. 8A and 8B
are tab bghEgBQAﬂBPEBﬁHPFiﬂﬁgl Sr 2ERBYERMEAY 9£31d0 ﬁ@gppé§gﬁtpﬂﬁ$€ﬁtion,
Fig. 8A shows the shape of lighting prismplates, and Fig. 8B shows

di sper stbhangedesybhghnyiew 'ﬁﬁeugegaﬁoneegnﬂannttin@ ©4sEmppdipgntea2-fi ¢eo.
9A and 9B are tables show ng conditions for Enbodi ment 2-4 of the present

i nventi 2h4 &fgth&Apsbseatt bavehgpenohntii ghtonpapaitivepeaumpleand Fig. 9B

shows di spersion corresponding to the solar height in the case of Fig. 9A

Figs. 10A angi 4B 8acah@bbBSaphovhBUe80BALYIAGS cbABiRi6ABP2bR! EXBoRYAERILE,
Fig. 10A shows the shape of lighting prismplates, and Fig. | OB shows

d
o SPer ol GETERIRRRERS! SobUR TR RE, Fn"EhEH b BeBSPe L hund S
prism plates, and Fig. 6B shows dispersion corresponding to the
solar height in the case of Fig. 6A;
Figs. 7A and 7B are tables showing conditions for Embodiment’
2-2 of the present invention, Fig. 7A shows the shape of lighting
prism plates, and Fig. 7B shows dispersion corresponding to the
solar height in the case of Fig. 7A;
Figs. 8A and 8B are tables showing conditions for Embodiment
2-3 of'the présent invention, Fig. 8A shows the shape of lighting
prism plates, and Fig. 8B shows,dispersion corresponding to the
solar height.in the case of Fig. 8a;
Figs. 9A and 9B are tables showing conditions for Embodiment
2-4 of the present invention, Fig.IQA shows the shape of ligpting
prism platgs, and Fig. 9B shows dispersion corresponding to the
solar height in the case of Fig. 9A;
Figs. 10A and 10B are tables showing conditions for a
comparative example, Fig. 10A shows the shape of lighting prism

plates, and Fig. 10B shows dispersion corresponding to the solar
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the present invention; Fig. 12 is a front view of inportant part in

Enbodi ment 3-2 of the present invention; Fig. .13 is a front view of

i nportant part in Enbodi ment 3-3 of the present invention, Fig. 14 is a
characteristic graph of total transmttance-solar height for comparison in

char act aelighitc ipetthRerradee ¥ iRiig.artoaznd Enbodi nents 3-2 and 3-3 of the
present invention; Fig. 15 is a front vieM/shomAng the schematic

configuratio £ fyiqr NG SHRO
l'i ghting por?llg |lr:!' SI%'tr?b%dﬂfmant B‘r’qoéf“;t e g&’dsyeﬁrﬁim %ﬁfﬁoﬁ%ﬁ%iﬂﬁél%@a%

are enl ed front views af inportant part of a lighting prismplate in
Enbodin%h? grgfep% 15?5?5&9% nvention Fig. 18 is a table show ng

conpari son of ,apex. an es of first and second l'i ghting prlsn1plates bet ween
the case whefé9rhd2 Iﬁgh f5opdr vigy iof dapantantePant A FRRadingng 3-2 of

lighting prismplate naterlal (PMVR) and the case where the Ilghtlng
portionthe poesentutiagemcion;i ghting prismplate material (PC) in
Enbodi mrent 4 of the present invention; Fig. 19 is an explanatory view

showi ng the g@gdi 130AsOfh FutdnitgRii ki DFS Mingord it Ddrtghiin MnbYdistend d@-63 igE
Enbodi ment 4 of the present invention in the case where the apex angle of

the 26 tPﬁ bggggﬂg @Bb§§k@5ﬂte Is Orl; Fig. 20 is an explanatory Vi ew
e

show ng condition o

Fig. 14 is a characteristic graph of total transmittance-solar
height for comparison in characteriséic between the prior art and
Embodiments 3-2 and 3-3 of the present invention;

Fig. 15 is a front view showing the schematic configuratioa'of
first and second lighting prism plates constituting a lighting
portion in Embodiment 4 of the present invention;

Figs. 16 and 17 are enlarged front views of important part of
a lighting prism plate in Embodiment 4 of the present invention;

Fig. 18 is a table showing comparison of apex angles of first
and second lighting prism plates between the case where the
lighting portion is constituted by a conventional lighting prism
plate material_(PMMA) and the case whefe the lighting portion is
constitated by a lighting prism plate material (PC) in Embodiment 4
of the present invention;

Fig._19 is an explanatory view showing the condition of
sunlight transmitted by a lighting prism plate in Embodiment 4 of

the present invention in the case where the apex angle of the
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sunlight transmtted by a lighting prismplate in Enbodi mrent 4 of the
present invention in the case where the apex angle of the lighting prism
plate is [err]; Fig. 21 is a characteristic view show ng rel ations between
i ncident angle, deflection angle (intensity of refracting power), etc. at

ent r anc@/ighiting prudn P¥atdeo/ifg gy |i ghting prismplate in Enbodi nent 4 of
the present invention; Fig. 22 is a characteristic graph showi ng rel ations

bet ween i nci lse PeTa: Tote]} g7: 0 )i W the t he
apex angl e o?q{&tﬁeaklwigg%t ia?{gg%}?s%méﬁst%qéls&g par ai?rleé er | nélﬁdejp%lac'ysy’e (\;/\Eher e

sunlight_enters into the lighting.pri.smplate and its, t efromin
EnbodinEHPaig@% ﬁﬁ?nﬁ §§ﬁ¥9?ﬁ95ﬁtdéﬂﬁuﬁ&bf’ .Ws?é?%ﬁﬂﬁﬂégﬁQPéﬁégéﬁéﬁd?@
view of a solar lighting apparatus show ng Enbodinent 5 of the present

i nvent | §he prgsept iiaventdon diatthe cassy 'tk i gret IaéEﬂ]i%rfP%f“}‘F ght in
Enbodi ment 5 of the present invention; Fig. 25 is a graph of results of

cal cul aflightdhgs priisme plefieedtsard®2 ;due to surface reflection simulation in
Enbodi ment 5 of the present invention; Fig, 26 is a graph of results of

measurenent efigl.r 21s st bARGR refc e dHightiRGr RHEWINY ated d i SHE sk tRddn 5 Of

t he present invention; 27 Fig. 27 is a plan view showing a |ighting

prism pl gk adhicY S, d9e f12 TR aHRflle Qiht¥nditsy RIE S e ddVEY IPWer) ,
etc. at entrance/exit of sunlight to/from a lighting prism plate in
Embodiment 4 of fhe present invention;

Fig. 22 is a characteristic graph showing relations between
incident angle range and deflection angle (mean value) with the
.apex angle of the lighting prism plate as a parameter in the case
where sunlight enters into the lighting prism plate and exits
therefrom in Embodiment 4 of the present iﬁvention;

Fig. 23 is a schematic explanatory view of a solarﬁlighting
apparatus showing Embodiment 5 of the present invention;

Fig. 24 is an explanatory view concerning reflection of light
in Embodiment 5 of the present inventioﬁ:

Fig. 25 is a graph.of results of calculation of surface
reflectance due tb surface reflection simulation in Embodiment 5 of
the present invention;

Fig, 26 is a graph of results of measurement of transmittance
of the lighting prism plate in Embodiment 5 of the present

invention;
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Fig. 28 is a plan view showi ng inportant part of the lighting prismplate
driver/hol der in Enbodinent 6-2 of the present invention; Fig. 29 is a plan
vi ew showi ng inportant part of the lighting prismplate driver/holder in
Enbodi nent 6-3 of the present invention; Fig. 30 is a plan view show ng

i nportant parigof 20hésl kgbllaRgviews ghpkihg dr lightiolgder iism plaad nent 6-4
of the present invention; Fig. 31 is a front view of inportant part show ng

the |10t ogr PhosdLE! %ﬁgggbbaﬁg\/ hel gen. oEneyen tr@@%merm%wtfm%d enbodi ment

concer ni ng I ments t he prese I nvention Flgs 32 to 34B
h Enbodi t 7 f th t t t of th t
ot am plat e FoPacPSi Aot ReBLanar LEIGRBPHR, APRE SEmCrRg E30F, b Brighalro,

Fig. 33 is a front view of Fi 32, Fi 34A is an enlarged front V|em10f
an end 96%§monletepdalvs3/hgﬁaerugn §&goﬂém§ﬁte§r3rQédthﬁo@Feﬁﬁ@W of the
portion XXXIV of Fig. 33; Fig. 35 is a sectional front view of the solar
| i ghti nineepatabtps in Enbodi nent 7 of the present .invention; Figs. 36 and
37 are perspective views of inportant part showi ng the theory of the solar

l'i ghting app@igtuzgassoadpmsntelaﬁ showilhg ifpbPeaheppbaeemest theeelighting
Enbodi nents 8-1 to 8-3, respectively;
prism plate driver/holder in Embodiment 6-3 of the present
invention;

Fig. 30 is a plan view showing important part of the lighting
prism plate driver/holder in Embodiment 6-4 of the present
invention;

Fig. 31 is a front view of important part showing the lighting
prism plate driver/holder, showing another modified embodiment
concerning Embodiments 6-1 to 6-4 of the present invention;

Figs. 32 to 34B show Embodiment 7 of the present invention as
an embodiment of the lighting prism plate holder in the solar
lighting apparatus, Fig. 32 is a plan view, Fig. 33 is a front view
of Fig. 32, Fig. 34A is an enlarged front view of an end portion of
Fig. 33, and Fig. 34B is an enlarged front view of the portion
XXXIV of Fig. 33;

Fig. 35 is a sectional front view of the solar lighting
apparatus in Embodiment 7 of the present invention;

Figs. 36 and 37 are perspective views of important part

showing the theory of the solar lighting apparatus according to
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g~ 38A is.a front view showi ng an experimental for rmng a
fundanent al experinment on the conflguratlon of | I’Ef?ogo‘hﬁdﬁP%eTeB sé‘?@

pre nventlo a 38B is.a table show ng resuyltis of the
expé’ﬁ‘ﬂ?@*ﬁ gl?)b Pg g gl'oﬁf"s\VFé’\fv é’ﬁg\?ﬁ'ng an rrat@ erltrglﬁt’§5 equi pnent for
performng a fundanental experinment on the configuration of Enbodinent 8-2
of the prizkent38hviat Rofirofkgvies0 showd nghanaexpeird mea tgdaggusipowinty for
results of the experinment [err] Enbodlnenr'§8 2 of the present

i nvepdd forming . # 1IfuAdaméheal ékpw::shemn@namhexbehlfﬁgm.trelti@awdrrrent for
performng a fundanental experinment on the configuration of Enbodi nent 8-3

of tﬁf?rﬁa 80V €5 Phe Ek@s it ihYeRtiBA', asgar F&% "Balfi*é DPUNG
results of the experlnent e equi pnment  Of err] present

i nve |on Fi ront view show ng the conflguratlon of Enmbodi ment
-1 ééﬂ%ﬁs|ﬂ@eh£FoﬁxPﬁF¢meﬂE'ls a. front view'show ng the
Conflguratlon of Enbodi ment 8-2 of the present invention;, Fig. 45is a

. front viéWgﬁuﬁ@rﬁﬁtmefcontigﬂeutBHQWthEnbodkpenﬁmensadfeqh@ppmmﬁembr-

-
f-:- -/'\:

84

i nvention; Figs. 46A to 46C show Enmbodi nent 9-1 of the present invention
29 perffdtmidff d SEidaNEntAl BRp&Pembh¥ oM eHe EbHEigBBakIon W ti cal

Embodiment_B—Z of the present invention;

Fig. ‘40 is a characteristic graph showlng results of the

the experimental eq,wpmeﬂ of ﬁj- nofﬁprm.uq a fundameutal
e penment
experiment by Ebhe—-eqn—.tpment.—-of—Prg—-—i}é—r!ﬁEmbodlment 8-2 of the ,,T‘qu_,“
ESTgur ow |
present invention; 1&:

Fig.4l is a front view showing an experimental equipment for
performing a fundamental experiment on the configuration of

Embodiment 8-3 of the present invention;

' Fig. 42 is a characteristlc gra h showing results of the .
- Ermmg a fundament: @qmen‘l"ovt the.
COVI& u:alum._
experlment by the equlpment of Flg. ﬁqﬁnrﬂhﬂxthnnﬂrﬁ-?ﬂof the
ocbwmvh

present invention;
Fig. 43 is a front view showing the configuration of
Embodiment 8-~1 of the present invention;
Fig. 44 is a front view showing the configuretion of
Embodiment 8-2 of the present intention;
Flg 45 is a front view showing the conflguratlon of
"lEmbodlment 8-3 cf the present inventxon,'

o

Flgs,_46A to 46C show Embodiment 9-1 of the present 1qyention[
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sectional front view, and Fig. 46C is a horizontal sectional plan view,

Fig. 47 is a vertical sectional front view showi ng inportant part of the

| i ght sensor in Enbodi nent 9-2 of the present invention; Fig. 48 is a
vertical sectional front view show ng inportant part of the Iight sensor in

Embodi Mgl 943205 & Nén REFSEAL 1 1 B é@@lvé;' Pied) FSg2 ¥6Bligah sections
front VIeM/ShOMAng | nportant part the Iight sensor in Enbodi nent 9-4 of

e PSS L 0, g S, P i 18 18 phakBloRa CadbERohRE Hiby®

is a schematic configuration view showi ng the configuration of a solar

posi ti oYif¥iector used in the apparatus of Enbodi ment 10-1 of the present
invention; Fig. 52 is a schematic configuration viewinclusive of a control
circuit in Efiad ehtis e vertticrl peceienahvérenbnview gshoging tmpephant
chart show ng the operation of Enbodinent 10-2 of the present invention;

Fi g. 54 pgaxta of straatl igle ndergsint i o EEnbeNL et U+ ¥ coHf tlve cpnésehtcircuit in
Enbodi ment 10-3 of the present-invention; Fig. 55 is a flow chart show ng

t he operjgljeit i¥n ;Enbodi nent 30 10-3 of the present invention;

Fig. 48 is a vertical sectional front view showing important
part of the light sensor in Embodiment 9-3 of the present
invention;

Fig. 49 is a vertical sectional front view showing important
part'of the light sensor in Embodiment 9-4 of the present
invention;

Fig. 50 is a schematic configuration view inclusive of a
control circuit in Embodiment 10-~1 of the present invention;

FiQ. 51 is a schematic configuration yiew showing the
configuration of a solar position detector used in the apparatus of
Embodiment 10-1 of the present invention;

Fig. 52 is a schematic configuration view inclusive of a
control circuit in Embodiment 10-2 of the present invention;

Fig. 53 is a flow chart showing the operation of Embodiment
10-2 of the present invention;

Fig. 54 is a schematic configuration view inclusive of a
control circuit in Embodiment 10-3 of the present invention;

Fig. 55 is a flow chart showing the operation of Embodiment
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Fig. 56 is a perspective view showing the overall configurat.ion of

Enbodi nent 11-1 of the present invention; Fig. 57 is a perspective view
showi ng the overall configuration of Enbodi nent 11-1 of the present
invention, and the configuration of Fig. 57 is different fromthat of Fig.

56 in thg- gnggttﬂg BgegggtlhgggnQQQEpr Figs. 58A to 58C are plan views of
i mportant part for explaining the operating theory of Enbodinment 11-1 of

t he present nven a view far explal t.heory of

cal cul ation fghe%éhtlshﬁ gﬁrgﬁ’ec%‘tl Fnedioht gh 35t o eP%é'tfer]:t el screen in
Enbodi nent _11-1 of the present inventiaon; %@f60 is a view for explaining
t he the%??f69“EaFéBPaPﬁoﬁmBPdﬂﬂén&néﬂél[Qﬁr RIS S5t idewendbdi iy usi ng

the screen in Enbodi nent 11-1 of the present invention; Fig. 61 is a flow
chart showi n§ighe5Zoisr 8l Pepspacitine viEwh showdmg thel aylenaid pr esent
invention; Fig. 62 is a plan view show ng the overall configuration of
Enbodi neohfiduPabiohhefpEabedimentedll-anpfFithe Plesent finwentiicny sm@dvtig
the overall configuration of Enbodiment 11-2 of the present invention; Fig.

64 is ac@ﬁﬁﬂ%ﬁf&’ﬁ/leﬁ BEPELLaNE7PAK! ofi @ eERkalsRoRd that YFeFalY.NGd NePrendr
Enbodi nent 11-2 according fo the present 31 I nvention;

mounting of the light sensor;

Figs. 58A to 58C are plan views of important part for
explaining the operating theory of Embodiment 11-1 of thé presenﬁ
invention;

Fig. 59 is a view for explaining the theory of calculation of
height hp in an intermediate position P of the screen in Embodiment
11-1 of the present invention;

Fig. 60 is a view for explaining the theory of calculation of
the angle «l1 of the optical axis by using the screen in Embodiment
11-1 of the present invention;

Fig. 61 is a flow chart showing the control operation in
Embodiment 11-1 of the present invention;

Fig. 62 is a plan view showing the overall configuration of
Embodiment 11-2 of fhe present inventioﬁ;

Fig. 63 is a front view showing the overall configuration of
Embodiment 11-2 of the present invention;

Fig. 64 is a plan view of important part for explaining the

operating theory of Embodiment 11-2 according to the present
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Fig. 65 is a flow chart showi ng the control operation according to
Enbodi nent 11-2 of the present invention; Fig. 66A is a schenmatic front
vi ew showi ng an exanple of configuration of a first solar |ighting
apparatus, inclusive of a driving circuit, to which light prismplate
drivi ndimEéerenj n Enbodi nents 12-1 to 12-4 of the present invention are
applied, and Fig. 66B is an enlarged front view of inportant part of the

[1ghting prigig pled eisFlge16d & af‘tsgﬁ'ﬁ??ﬁgctEEOEBMﬁkSW 8BarhEgoRN. exanmpl e

of configuration a second solar lig appar-at us l'usive of a

drivin C|r plLate dr|V| net h I n Enbodi nent s
12-1t %ﬂgt?ﬂa%ﬁhgg gﬁvﬁﬂt on} #S aBﬁ??gﬂ ﬁP&engéops a flow chart
showi ng the first dr|V|ng method in the sol ar hti ng appar atus of

Enbodi nent EAg- 63 h’esp?e%%‘l‘ﬁm@%nﬁ%t Yigw %8°Y’én3 fnok*amBLe Sfowi ng
main part of the second driving nethod in the solar lighting apparatus of
Enbodi ramf ilgura tofon hef pr ebbnst i sokax i bhgh€ing appasatus) oinchusivehofi ag
main part of the third driving nethod in the solar |ighting apparatus of
Enbodi miitvikiy infcdie, presenich nibgtit opr i émgpldtei dr ivihgvmebhodsshaw ng
main part of the fourth driving method in the solar |ighting apparatus of

Enbodi fiiHodidreht3® 12-0ftd hE2 P €5€£Nthéd rﬁ@é‘ééﬁ’ﬂ invention are applied, and
Fig. 66B is an enlafged front view of important part of the
lighting prism plate;

Fig. 67 is a schematic front view showing an example of
configuration of é second solar lighting apparatus, inclusive of a
driving circuit, to which light.prism plate driving methods in
Embodiments 12-1 to 12-4 of the present invention are applied;

Fig. 68 is a flow chart showing the first driving method in
the solar lighting apparatus of Embodiment 12-1 of the present
invention;

Fig. 69 is a flow chart showing main part of the second
driving method in the solar lighting apparatus of Embodiment 12-2
of the present invention;

Fig. 70 is a flow chart showing main part of the third driving
method in the solar lighting apparatus of Embodiment 12-3 of the
present invention;

Fig. 71 is a flow chart showing main part of the fourth

driving method in the solar lighting apparatus of Embodiment 12-4
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Fig. 72 is a perspective view showi ng the arrangenent of a ring position
driven lever, a mcro switch and parts relevant thereto which constitutes
the origin detector in Enbodi nent 13-1 of the present invention; Fig. 73A
Is a perspective view showi ng the condition of arrangenent of the origin

roller di EROOSE eBeit 1BndeRtibhe pPresent invention, and Fig. 73Bis an
expl oded perspective view showi ng the configuration of nmount fittings;

Figs. 74A ta,./4C sho c ig i t Qi et.ector in
Ermbodi ment 49" or2 1 1e DrESERPeSrEln Phne ORhGki0y Bhe' 2FrhbBhBE°bETL"), )
showing a state before fhe position of the origin I s_detected, Fig. 74B i s
a mai n PH9 BASHEIARASHESR nhe%ett ot MAFEPhEWLFRR BRAJRRELEI BRLEVADKe
position of the origin, and Fig. 74Cis a main part plan view show ng a

st at e dfheretmeipich t¢eomsbitutes othgi ariginedeteclorFiy. Embodimgng| Ag-»li ol
showi ng the overall configuration of the solar |ighting apparatus to which
the origie) pasgdnonimkedweion; i n Enbodi ment 13-1 of the present invention is
applied; Fig. 76A is a plan view of inportant part show ng Enbodi nent 13-2

of the presesg i nyENti o @&dsféam?é&,iéwasm@ﬁngiewéoéohapeiaa%fpart in
Enbodi nent 13-3 of the present iInvention; Figs. 77/Ato 77C show the

nvent 15t argfegng B GE oPiln Do ETBE L Phnugdipeft LI2LPREZER Rresens,
and Fig. 77C is a sectional
invention, and Fig. 73B is an exploded perspective view showing the
configuration of mount fittings;

Figs. 74A to 74C show an example of configuration of the
origin detector in Embodiment 13-1 of the present invention, Fig.
74A is a main part plan view showing a state before the position of
the origin is detected, Fig. 74B is a main part plan view showing.a
state at the time of detection of the position of the origin, and

_ Fig. 74C is a main part plan view showing a state after the
position of the origin is deteéted;

Fig. 75 is a plan view showing the overall configuration of
the solar lighting apparatus to which the origin position detector
in Embodiment 13-1 of the present invention is applied;

Fig. 76A is a plan view of important part shoWing Embodiment
13-2 of the present invention, and Fig. 76B is a plan view of
important part in Embodiment 13-3 of the present invehtion;

Figs. 77A to 77C show the configuration of important part of

Embodiment 13-4 of the present invention, Fig. 77A is a perspective
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perspective view of the lighting prismplate; Fig. 78 is a view show ng the
configurations of the solar |ighting apparatuses accordirng to a prior art
and according to a substitute technique of Enmbodi nent 6 of the present

i nvention; Figs. 79A and 79B are views showi ng an exanpl e of configuration
of a comiemt,i eigl. FTBaLid iaglror: apEarAatdifd gl B iis a fdertionsw of

I nportant part of a conventional apparatus for explaining the configuration

of pri S?&?%@%%ﬁ%dﬁ@%%ﬁaﬁhq;@ﬁiﬁ %ri%l'n iﬁﬁ_lﬁhg.ront vi ew showi ng the

configu a convention appar Fig. 82 is a schematic

configuration,view,of, a _conventional sqlar |ighting .apparat i ncl usi ve of
S control o Fali J8rige = GHAY sing P sartlaniain ot dhe aefas
apparatus, Fig. 83A is a schematic front view show ng an exanple of

conf i gul&8h&Angf aprasRiusesyRccoF ddpsart® & pPrigy @hitvangt acaanding to a
circuit, to which a lighting prismplate driving nethod is applied, Fig.
83B i s snbstli&unged technt quiee wfoEmboddniemy paft thfe preasgrt rigyveEntsiom! at e,
and Fig. 83Cis a flow chart showi ng the driving nethod in the sol ar

lighting appehigkys7ohi and F48 &2 eS4Gewse sticwings keiedampl o3Pl e of a
conventi onal apparatus, Figs. 84A and 84B are perspective views show ng

e B EBaRTIaR, pSeReECh AT BRI Wi aBparacid ol o0

Fig.'80 is a front view of important part of a conventional
apparatus for éxplaining the configuration of prism plates and
problems thereon;

Fig. 81 is a front view showing the configuration of a
conventional skylight apparatus;

Fig. 82 is a sdhematic'configuration view of a conventional
solar lighting apparatus inclusive'of a control circuit;

Figs. 83A to 83C are views showing a conventional apparatus,
Fig. 83A is a schematic front view showing an example of
configuration of a solar lighting apparatus, inclusive of a driving
circuit, to which a lighting prism plate driving method is applied,
Fig. 83B is an enlarged front view of important part of a lighting
prism plate, and Fig. 83C is a flow chart showing the driving
method in the solar lighting apparatus;

Figs. 84A to 84C are views showing an example of a
conventional apparatus, Figs. 84A and 84B are perspective views

showing states at the time of detection of the position of the
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respectively, and Fig. 84C is a perspective view show ng the detail ed
configuration of the light sensor; and Figs. 85A and 85B are views show ng
a conventional apparatus, Fig. 85A shows the case where the outer dianeter
of the lighting prismplate is increased because of thermal expansion, and
Fi g. 85Br bhDnSahdicacBée vher @etBetlibghbiEnghpr poglkliahe oForheadrd gibzTAl LED
DESCRI PTI ON OF THE PREFERRED EMBCDI MENTS Enbodi nent 1 Enbodi ment 1 of the
present_. | | [ c er tk ondi-t.| : ' Nt i.n t he

'l gnt | i ECELOBLYD ERaCERGE) Bic B8 TBHrbPRAT Qe 2l BRBARG e
apparatys, W] | _be described bel gw as Enbodi nents 1-1 gnd 1-2 with reference
FoP R giSeaden 1opn ERGh 3€ en cof "SR LBk, SERAOE gand  ( Enbod mont 1. 1)
Figs. 1A to 1D show Enbodi ment 1-1 having a basic configuration in which
two flat |ight9sg $Phsangd| BdBsaneijeysashowsng Ancppyenticnpd apPaKg&dsup
and down at a predeterm ned distance so as to be able to be rotated by
nmeans digqot88s sHowsdth@ daseecwhenet hbebaaterofliametgnabff the aigéittingl
processing unit 3 (hereinafter referred to as "CPU') such as a

M crocqiPikmlipl@te tHe 1hkLeadbd BOBSLLEUGEORRErM&UUEKPEREL oA, aﬂd_opti'gqalssa
systemconstituted by these lighting prismplates 1 and 2 is provi ded as

ol Towssndlis end! EiOUADh&EL SERL! | BgREEngOpr 2UR"B1 bR 2BERRBCEAE |1 0Nti Ng

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Embodiment 1

Embodiment 1 of the present invention which concerns the
conditions of an improvement in the lighting efficiency of lighting
prism plates used in a solar lighting apparatus will be described
below as Embodiments 1-1 and 1-2 with reference to Figs. 1A to lD;
Fig. 2, Figs. 3A and 3B, and Fig. 4.

(Embodiment 1-1)

Figs. 1A to 1D show Embodiment 1-1 having a basic
configuration in which ﬁwo flet lighting prism plates 1 end 2 as
shown in Fig. 1A are arranged up and down at a predetermined
distance so as to be able to be rotated by means of ﬁotors M1 and
M2 driven on the basis of a signal from a central processing unit 3
(hereinafter referred to as "CPU") such as a microcomputer, or the
~like. The constitutional requirement of an optical system
cqnstituted by these lighting prism plates 1 end 2 is provided as

follows.
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prismplates 1 and 2 of Fig. 1A for the sake of sinplification, prismpits
as shown in Figs. 1B to 1D are provided on the second faces of the
respective lighting prismplates 1 and 2 in order to formmcro prism
portions PA1 and PA2. In Figs. 1B to 1D, [err] and [err] are prismvertical

angl es of thaﬂerg;udrggpﬁgﬁgepﬂ@t eln@@ds@ow&egpe&ééﬂ% -tH@ahé#t%uaae

setting requirenent tical systemaccording to the prese

i nvention ., s gi.ven by the exprgessjon: lerr ere. O represents, an,angle
bt woen Bl Gk At B Hef readmi L4 | F0F ofe renks & PHFRRE R R PRy
plate 1 in the case of a |ow height of the sun (which is a target) as shown
in Fi g. PEEs@aPidiat g rahaylin FigmweB o siR i dre | peowkded | eyhthe seeend
represents an angl e between outgoing light and the normal |line of the first
| i ghti nEaareiss mfpltdiee respedthiore dsisghfireg hpgisthapptesnfl tdmd slinig wwidér i soa
target) as shown in Fig. 1C (an outgoi ng angle of highest position incident

light), ryich hAlddo ERHI<RE POk BOMLBASHAY epanci dent angl e range pernitting
the second lighting prismplate 2 to be controlled as shown in Fig. 1ID.

Dt el SRS UL Sl A S e AL EIE (gl 3P
N e e gk g bR Y ate s YAl 27 Fesect fVery. |
That is, the setting requirement of the optical system
according to the present invention is givén by the expression:
(|eH] + [8L]|)/2 = (90° -~ 8a) .. (1)
where 0L represents an angle between outgoing light and the normal
liné of the first lighting prism plate 1 in thelcase of a low
height of the sun (which is a target) as shown in Fig. 1B (an
outgoing angle of lowest position incident light), 0H represents an
angle between outgoing light and the_normal line of the first
lighting prism plate 1 in the case of a high height of the sun
(which is a target) as shown in Fig. 1C (an outgoing angle of
highest position incident light), and 8¢ represents a permissible
incident angle range permitting the second lighting prism plate 2
to be controlled as shown in Fig. 1D. |
Specifically, an ideal condition is given when the requirement
is set so that the values of 0H and 0L satisfy the following
expression.

68| = JorL.| ... (2)
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af orenenti oned constitutional requirenents, in-each of the cases of |ow and
hi gh hei ghts of the sun as shown in Figs. 1B and 1C, incident light is
controlled to be arranged substantially perpendicularly to the prismpits
by rotating the respective lighting prismplates 1 and 2 correspondingly to

the height ef the §Bmar5Qibh%&nbhﬁp%ﬁEﬁQhBQcbh&hbd&@@ﬂdﬂaéﬂ!ﬂﬁﬁ l'i ghting
prismplate 1 can be controlledto be entirely used as outgoing |ight from

it hr 8cgteaefbRoRAaCEORRYRL A Eohph e ehnt TuR RACHTVE AR SRR i

setting condi tion according to.the expression (1) byt Ii htin%aggptrol can
be magko¥udBeahiehl holgbte p&r £het YN A4St FBOUB: i 1885ndit 61 drding to
the expression (2). In this occasion, it has been confirned that |ight on
t he opinchflenki $ightieigonpatealiedhtehbel pgranged sapséantiadlyy the solid
line in the drawings is fully reflected so as not to be transmtted by the
| i ghti pgrpendicplaikg. tbuthbepripmi pitsobgt rogatdnyr thecxespectdide Wt h-
good bal ance in refracting power between the lighting prismplates 1 and 2

and W { fgRei REOBL ek p1REAS! L.CahdUecogPebpBhaliRg 1y 26S Fhk! ARGQhithereehe S
I mproved” In The case where the condition according to the expression (2)

o R o Pinf RS, bhfBat om0 ErRIsnE! STEHEC 1TEne ot Bt phened
1 can be controlled to be entirely used és outgoing light from the
second lighting prism plate 2 in order to obtain optimum room

. lighting.

In this occasioh; lighting control may be made sufficiently
even in the setting condition according to the expression (1) but
1ighting controi can be made sutstantially more perfectly in the
setting condition according to_the expression (2).

In this occasion, it has been confirmed that light on the
optical axis side compared with the light ray represented by the
solid line in the drawings is fuily_reflected so as not to be
transmitted by the lighting prism plates.

Further, prism rotating control can be made with good balance
in refracting power between the lighting prism plates 1 and 2 énd
with no problem in practical use, so that the transmittance thereof
is improved.

'In the case where the condition according to the expression

(2) is selected, as a condition to be satisfied, from the
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easier conpared with the case where the condition according to the
expression (1) is selected. Fig. 2 is a table show ng-specifications and
~optical characteristics of the lighting prismplates 1 and 2 constituting
the solar |ighting apparatus of Enbodinment 1-1. It is apparent fromFig. 2

that t hefdi aiéhHPoRéd SEbRE 8t €6n8 iﬂﬁht&ﬁ@cﬁiﬁﬁﬁtan%eCQBtBQiﬁéaﬁbﬂtha ds
sol ar height range in which the height of the sun changes w dely from

el gnt $RkEr B8 ufrh S5 bLRNERRRN PR BpRATEIBH; AR AR RE the,

configuration of an enbodi nent of the present invention. In the draw ngs,
the refSiRERESRRelL) isqeelerbeds a first lighting prismplate; PA, a
plurality of mcro prismportions formed on the second face, as the

outgoi ng si ddigof2the &itablei ghovingpsbeaificationspand gppligrdl ity of
mcro prismportions formed on the first face, as the incident side, of the

li ght i nghdxdsteni et bed;of, tihe SECGRELhG 0P iBE pLatssplaard PA2onatRltutdhigt y
of mcro prismportions forned on the second face, as the outgoing side, of.

the secqyl dddi iPﬂgtPEi.??‘Qb £atus 30 ERBoq®m@her @-pL1 sm portion

constituted by a plural of mcro prisns forned on the first face, as the
L7 dent oL £ IO RS £ B Pend®ion IR BRELAUEILLED of
such specifications can be adapted to a solar height range in which
the height of the sun changes widely from 10° to 84" , and that a
transmittance range corresponding to the solar height range is
55.4% = 13%.
(Embodiment 1-2)
Figs. 3A and 3B show the configuration of an embodiment of the
present invention. |
In the drawings, the reference numeral 1 designates a first
lighting prism plate; PAl, a plurality of micro prism portions
formed on the second face, as the outgoing side, of the first
lighting prism plate 1; PBl, a plurality of micro prism portions
formed on the first face, as the incident side, of the lighting
prism plate 1; 2, a second lighting prism plate; PA2, a plurality
of micro prism portions formed on the second face, as the outgoing
side, of.the second lighting prism plate 2; and PB2, a micro prism
portion constituted by a plurality éf micro prisms formed on the

first face, as the incident side, of the lighting prism plate 2.
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the mcro prismportions PBl1 and PB2 are fornmed on the first faces of the
lighting prismplates 1 and 2, respectively. Upon the consideration of the
functions of the micro prismportions forned on the first faces of the
lighting prismplates as in this enbodinent, it has been confirned

experiment altiyet Bohfifjapation ekapnteeribetie PEi EMmigoembodimehtS iardn that
provided on the first face of the first lighting prismplate 1, the

transM@%@&@gﬁﬁ%%Bfﬁ%ﬁ@ 21 'hﬂai #R5 a2B0!eB rifeliN chCERECE ik t! Haces

i ncident Tace decteases conpared wth the case where the first face of the
first lightin rismplate 1 i rovided.ag a_pl.ane _having no mcro prism
formed @ e?%%%iféﬁghﬁﬁ RstghB;ﬁgFﬁ #h@“ﬂr?ﬁﬁﬁ%&?eFﬁéVﬁ?Xro pri'sm portions
addi tionally provided on the first faces as descri bed _above nmay be fornmed
on either orfdPen the ¢epgidaratiercnd thenfHRGLAPPENPSHI £P8sMiCERIPF 1SH t hat
the sane effect as descri bed above can be expected. That is, as a

conbi ngpomtnionhefermed de tbesfilestdfacesraft the Liaghhkivh phéshi pdatesceaesof
the first lighting prismplate 1 is provided as a plane having no mcro
prism p titois &iod Dhewt, t DErBaS BEEni Bonbithedl expeplimeitpRLYI @hatPRReAS

shown in Fig. 3B are formed only on the first face of the second |ighting

Por o3 pemfle} §E4E0SPr FRA'BOLERORD BB SF B! Brpsamanen! ks ciphenr e

(e (1 Eed35E So LPE: SECEIGHE A ARPROLTRLELE: oefe' Bedhoms RERLRTo0 25 2
increases because the incident angle with respect to the incident
face decreases compared with the case where the first face of the
first lighting prism pléte 1 is provided as a plane having no micro
prism formed thereon.

Though not shown in the drawings, the micro prism portions
additionally provided on the first faces as described above may_be
formed on either one of the first and second lighting prism plates
1 and 2 so that the same effect as described above can be expected.
That is, as a combination, there may be considered a structure in
which the first face of the first lighting prism plate 1l is
provided as a plane having no micro prism portions PBl formed
thereon and in which micro prism portions PB2 as shown in Fig. 3B
are forﬁed only on the first face of the second lighting prism
plate 2, or a reverse structure in which micro prism portions PBl
are formed on the first face of the first lighting prism plate 1

and in which.the first face of the second lighting prism plate 2 is
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t hereon. Being configured as described above, Enbodinent 1 has excellent
effects as follows. (1) Qutgoing light fromthe first lighting prismplate
entirely goes out fromthe second lighting prismplate so that the |ight
can be used effectively as a light source for roomlighting. In this

occasi o r | | opLr ot ey LCpgAL nin
PR g L R T R R L T e - s
i nproved .in the setting condition according to the expression (2) so that
the conttRRLeM: be made substantially perfect. (2) Because there is good
bal ance in refracting Eomer bet ween the respective lighting prismplates,

the |ighting Beinem ¢t baured agapeseribed haboee ghEmbadimensflthassun

t hroughout the year so that the lighting prismplates can be controlled to
be rot atextbeXlenk sef feofstde Bolbowsight in a sol ar hei ght range having no
practical hindrance. As a result, the transmttance of the lighting

appar at ugy y n@\ﬁﬂ;ﬁ?ﬁl? spidhetsihif th&hEiPge el { Rt ER§Ypt NEhepEgte é8tirely
Further, because refTection on the surfaces of the lighting prismplates

oo ettt ML SO G SEA8 DO EEIEPELTE 062 nal e 51k ocan
be used effectively as a light source for room lighting.

In this occasion, although room lighting control may be made
sufficiently even in the setting coﬁdition according to the
expression (1), the control is more impfoﬁed in the setting
condition according to the expression (2) so that the control can
be made substantially perfect.

(2) Because there is good balance ih refracting power between thé
respective lighting prism plates, the lighting prism plates are
adapted to the height chanée of the sun throughout the year so that -
the lighting prism plates can be controlled to be rotated in
pursuit of the solar light in a solar height range having no
practical hindrance.

As a result, the transmittance of the lighting apparatus
increases, so that the lighting efficiency increases.

(3) Further, because reflection on the surfaces of the lighting
prism plates decreases, the transmittance can be increased ﬁore
greatly, that is, the lighting efficiency can be improved more

greatly.
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Enbodi nent 2 of the present invention which concerns the material for the
lighting prismplates used in the solar lighting apparatus wll be

descri bed bel ow as Enbodi nents 2-1 to 2-4. Prior to the description about
Enbodi nents 2-1 to 2-4, first, the relation between the shape of. the
lighting prismplates (which may be Bgpeapméherz2only referred to as
"prisns") and dispersion is defined as TolTows for the sake of conveni ence

in the conparat,ve. descriptio f S ' ' S in

Fg. 5, the dARHTIGRE R0t Eh? ot aEnbEcPREbhY FofCHREHTBERce RS RARY ' 1)

2l1aferr] is represented 2f‘[er[]; the prismangle gn_ the outgoing side.is

repr eseRaEHiAL cFoy  thecl hghehngPHbeR PIataFcuged 1B FRPr 8SLAFedighting

t he thickness of each of the prisms is represented by the distant t.

Speci f i cappasatie wikl deetdesgr Ebed ooehowngs algbedimgntanhdslahd prate

t hi cknesses of the prisns arranged in the first, second,... and n-th stages

are expressedeiporftd xthy des®r BHEi6HT ABSWENEBEdiNehbs RuLbeoS264,t Bérst,

prisnms to the aforenenti oned synbols respectively. The magnitude of

di spersi '&ﬂ@f&?%xp&eﬁ%ﬁ@%ﬁaﬁé g@ﬂebFE%EPngubQQSHQpiéggg (akEch
the T1 ght epre I'i ght

and C as shown 1n Fig. 5. Here, ray F ents blte lig

having a relatively, short wavel ength of _486.1 nm _and fhe_light ray C .

opr e9e A riRy HEtAARTEA T POLY ATy FOntewbBran: b apdcdssbaion 1s
(Conparative Exanple) 41 The condition of color dispersion created in

t he casdleffined as follows for the sake of convenience in the comparative

description of the respective embodiments.

As shown in Fig. 5, the prism angle on the incident side of
each of n prism 2lax to 2lan is represented by v; the prism angle
on the outgoing side is représented by §; the pitch between prism
edges is represented by p; the thickness of each of the prisms is
represented by the distént t. Specifically, the incident angles,
oﬁtgoing angles, pitches and plate thicknesses of the prisms
arranged in the first, second,... and n-th stages are expressed by
affixing numeralé corresponding to the numbers of the prisms to the
aforementioned symbols respectively.

The magnitude of dispersion is expreséed by an angle of a gap
between outgoing light rays F and C és shown in Fig. 5. Here, the
light ray F represents blue light having a relatively short
wavelength of 486.1 nm, and the light ray C represents red light
having a relatively long wavelength of 656.3 nm.

(Comparative Example)
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|l ighting apparatus forned by arranging prisns of the sane material as a.

plurality of stages will be described as a conparative exanple. Here, the
shapes of prisns using polycarbonate (hereinafter abbreviated to "PC') as
the prismmaterial are shown in Fig. 10A, and di spersion corresponding to

the hei ght ofrhkheondi tidnt BbF €3I r0ldilsiR r@fi I At i HOWadd) df &
|OB. In this system the prismangles of the first and second prisns are

cont rol e i.ngly t .t . ght_of .t h w30 1hat
i sper st oSG 3PERR AU ehtuedt oY WIRA i BrdBE o) ot o mater i1
(Enmbodi nent 2-1) FL%. 6B shows di spersion corresponding to the hei ght of
the sun®fnatREUEALETYr OfisBk@agst Widd be deser ihed, Ast By comparativet e
(hereinafter .abbreviated to "PMVA") and a second prism of PC which have the
shapes ekamplem Fig. 6A respectively. Also in this system the prismangles
of the first and second prisns are controlled correspondingly to the change

in the hei ghept,t BReS8habest b peiemERaBLhgaPolycaidonaneal(dlered nfuEY €.
I n Enbodi ment 2-1, nmaxi mum di spersion is 2.0[err] as shown in Fig. 6B, so

ot ot L QPEEERLchhnbch e Sl Bk dSar SERCSIEMPALERY L o)
mhere tdihgkgggrgiohhgogggsbgnﬁ%ng tgiggé height of the sun in the case
of use of the prisms is shown in Fig. 10B.

In this system, the prism angles of the first and second
prisms are controlled correépondingly to the change of the height
of the sun, so that dispersion of 2.3 is created at maximum as
shown in Fig. 10B.

(Embodiment 2-1)

Fig. 6B shows dispersion corresponding to the height of the
sun in the case of using a first prism of polymethyl methacrylate
(hereinafter abbreviated to "PMMA") and a second prism of PC whiéh
have the shapes shown in Fig. 6A respectively.

Also in this system, the prism angles of the first and second
prisms are controlled correspondingly to the change in the height
of the sun in the same manner as in the comparative example.

In Embodiment 2-1, maximum dispersion is 2.0° as shown in Fig.
6B, 50 that it is apparent that dispersion generally decreases

compared with the comparative example. This embodiment is.

effective particularly in the case where the height of the sun is
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(Enmbodi nent 2-2) Fig. 7B shows di spersion corresponding to the height of
the sun in the case of using a first prismof PC, a second prismof PMVA
and a third prismof PC, which have the shapes shown in Fig. 7A
respectively. In this enbodinent, the first, second and third prisns are
rotatedhqghrespondlngly to the height of the sun to thereby perform '
lighting ¢ontrol. As a result, maximum dispersion is 1.5 as shown in Fig.
sot ' ent that dispersion particularly in the case of a
Iom1he|éﬁP 8Fﬁﬂ%?t %Q%Qecreases conpared with the conparative exanpl e.
(Enmbodi nent 2-3) Fig. 8B shows dispersion correspondln o the helght of
the sun in t fdScad® Shavs Y spensiqn HQrbfsonsiing g’é&)ﬁlﬁ’pﬁh brthee
and a third prismof PC, which have the shapes shomm in Fig. 8A
respect susl yn Aheo caset loifs usriingdiandfitrstt pr ifsmr f It-;‘e'c@wcs%mnd ot ismrof ms
are rotated correspondingly to the height of the sun to thereby perform
| i ghti ngMmanahd a rthitd e EC awvhiciEHos ey shapesAshowresid tEig.
maxi num di spersion is 1.2[err] as shown in Fig. 8B, so that this apparatus
has suchaareBpedtliekiist.i c that dispersion is small particularly in the case
of a high height of t e sun. 43 (Enbodi nent 2-4)

In this embodiment, the first, second and third prisms are
rotated correspondingiy to the height of the sun to thereby perform
_lighting control.

As a result, maximum dispersion is 1.5 as shown in Fig. 7B,
so that it is apparent that dispersion particularly in the case of
a low height of the sun decreases compared with the comparative
example.

(Embodiment 2-3)

Fig. 8B shows dispersion corresponding to the height of the
sun ih the case of using a first prism of PMMA, a second prism of
PC and a third prism of PC, which have the shapes shown in Fig. 8A
respectively. |

Also in this embodiment, the first, second and tbird.prisms
are rotated correspondingly to the height of the sun to thereby
perform lighting control in the same manner as in Embodiment 2-2.

As a resuit,_maximum dispersion is 1.2 as éhown in Fig. 8B,
so that this apparatus has such a characteristic that dispersion is

small particularly in the case of a high height of the sun.
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Fig. 9B shows dispersion corresponding to the height of the sun in the case
of using a first prismof PC, a second prismof PC, a third prism-of PMVA
and a fourth prismof PC, which have the shapes shown in Fig. 9A
respectively. In this enbodinent, the first prismand the prisnms other than
the first | ofated correspondingly to the height of the sun to
thereby%g%réﬁgﬁfﬁgﬁéi%g control. In this enbodi nent, maxi num di spersion is

1.5[err] as shown jn Fig. 9B, so that this appatatus, has, such.a
characteristiq}QTméBcﬁQékﬁ {ﬁp?gsb%ﬁy0%55?$8§%§%?%uF%rf9eiﬁe%ﬂﬁtcaéetBF a
| ow hei ght of the sun. Being configured as described above, Enbodinment 2
has excedlurerith dffecaseof isbng.a (filrsge peismeaf PEontt HecCanrdrPREAN| 8FcHC,
experinmental result, it has been confirmed that dispersion in each of the
enbodi mantth idet apises «H reMMp casd ngy | §owoth her hem ghf BEC, tWeishnhavepthed
with the conparative exanple formed by arranging prisnms of the sanme

mat eri algHapeds RAnSWA 1y ©Pig Steesespecoighngly, final di spersion between
outgoing light rays can be decreased greatly. (2) Accordingly, light after

i ghting can Qe rd i f1ol.ent t | C ; ' '
a!sgl olnggas thlg] ptﬁgiss{alneteﬁg?ﬁ/ler% |L§'n 'éltge a%%lo#g ,Pfé)%d\t a‘%d{tﬁﬁée g%:%%g '%?ié#'t@ﬁén

Lnor cof oo |45 Ebodi 101, 3, feq oSIPRGIREnGh" ol MEnl S EGhe YLk "

sun to thereby perform lighting control.

In this embodiment; maximum dispersion is 1.5 as shown in
Fig. 9B, so that this apparatds has such a characteristic that
dispersion is very.small particﬁlarl& in the case of a low height
of the sun. |

Being configured as described above, Embodiment 2 has
excellent effects as follows.
(1) As is clear from the aforementioned experimental result, it
has been confi;med that dispersion in each of the embodiments
decreases correspondingly to the height of the_sun compared with
the comparative example formed by arranging prisms of the same
material in a plurality of stages. Accordingly, final dispersion
between outgoiﬁg light rays can be decreased greatly.
(2) Accordingly, light after lighting can be carried efficiently
through optical duct or optical fiber as long as the present

invention is applied, so that the actual profit thereof is large.

Embodiment 3

- 44



of the total transmttance of lighting prismplates used in a solar

| i ghti ng apparatus will be described bel ow specifically as Enbodi nents 3-1
to 3-3. (Enbodinent 3-1) Fig. 11 shows Enbodi nent 3-1 of the present
invention in which a lighting prismplate 32 having a pturality of ntcro

prism po”'oﬁﬁFéai‘[nEB“c] 3 3¢l :T#yreg%ﬁ[ter et o0 W %o%%éin%w%

portion of hting pris lI'ate i s ned o) at a r|V|ng

Y provided enter ortlon of t he ht|n pri ate 32 i.s rotated
ntepeniEntPs bYERLantaBRRg CiaRGE Dlot LORSUAP. BALS @?ﬁt\?—a EERRNY:
prismplate 32 may be driven by another neans such as, for exanple a
torque liahtingsabparasns wadlt bendescriibedt below wbegifdced 1ot ashe not or
to the outer circunference portion of the lighting prismplate 32. This

nmot or i Bmbedimertist 3-Lotat 8-3t an appropriate speed correspondingly to the
nmovenent of the sun in accordance with an instruction given froma CPU not

shown. fehbg@ine8AtPOLLhON equi pped with lighting prismplates 32 configured
as descri bed above is arranged on the roof of a house shown in Fig. 78,

whi ch wil| bﬁgesgi' Pﬁgﬁéafs Eﬁeht&eégﬁyoﬁo@ﬁk' ggEgeﬁt 8%&1@9 ofil i %‘i%h

I nci dental 'y, |ng prism plates accor hé prese
I nvention |s configured so that the angle [err] A of the 45 |noperat|ve

face ‘of2ebtPOhiRIPPLFENPLBEE 34 BAV{EPi 8sPLHEality of micro prism

portions 32ai, 32a=z, 32as,... formed on the lower face portion of a
flat lighting prism plate is designed so that a driving shaft Y
provided in the center portion of the lighting prism plate Bé is
rotated independently-by means of a motor (not shown).
Alternatively, the lighting prism plate 32 may be driven by another
means such as, for éxample, a torque transmission means for
transmitting the driving fofce of the motor to the outer
circumference portion of the lighting prism blate 32.

This motor is designed to rotate at an appropriate speed
correspondingly to the movement of the sun in accordance with an
instruction given from a CPU not shown.

A lighting portion equipped with lighting prism plates 32
configured as described above is arranged on the roof of a house
shown in Fig. 78, which wiil be described later, to thereby
constitute a lighting apparatus.

Incidentally, each of the lighting prism plates 32 according

to the present invention is configured so that the angle oA of the
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foll ow ng expressions. 90[err] < [err]A [err] .. (3) [err]
..... (4) O two these expressions, the expression (3) is partlcularly

i nportant so that at least this condition 90[err] < [err]A [err] is
required to be satisfied. Here, [err] represents the outgoing angle at the

| owest h N el aLr (o] I d he
highestyﬁbggﬁ?9 yg ﬁgégunf g SLPhqﬁ %Qgiﬁ'g%r% %%bﬁggggﬁgsgﬁﬁ%lpltch of
the mcro_prismportions. The configuration characteristic of the present

i nvent i 6L EQWFﬂgtﬁﬁPrFﬁ§18ﬁﬁle aA of the inoperative face in each of the
mcro prismportions forned on the | ower surface portion of the lighting
prismplate 32 is9€et <t eAb& Parger than 90 in the case.of. (Be prior art so
that the probability in which transmtted solar light rays will be bl ocked
by the inoperativeanfdcaai £ BQwered as shown in Fig. 11.eved)in the case
where the sun is located in a position T2 of relatively | ow height.

(Embodi ment §f2iw5'9he§3 éﬂ?%@sEHBRQ'”EHE axpreksia R@qsﬁgtph@Eﬁ%Hrﬁil The

| i ghting apparatus of ype 1S generally formed by piling a pIurallty

Cho 'm'sga*'*eﬁ%?%'h?%?'oﬁ*?% Ah; 18528 Phad rhRaRRTCHGoPC R BN &) s 1, FefyikRa

this occaS|on ‘That_is, in Fig. 12, the reference nunerals 33 and 34
o be satlsfled. Here, 0 répresents the outgoing angle at the

lowest height of the sun, 6n represents the outgoing angle at the
highest height of the sun, and P shown in Fig. 11l represents the
pitch of the micro prism portions.

The configuration characteristic of the present invention is
in that the angle oA of the inoperative face in each of the micro
prism porfions formed on the lower surface portion of the lighting
prism plate 32 is set to be larger than 90° in the case of the
prior art so that the probability in which transmitted solar light
rays will be blocked by the inoperative face is lowered as shown in
Fig. 11 even in the case where the sun is 1ocated in a position T2
of relatively low hgight.

(Embodiment 3-2)

Fig. 12 shows Embodiment 3-2 of the present invention.

The lighting apparatus of this type is generally formed by
piiing a plurality of lighting prism plates one on another in the
up/down direction. Fig. 12 shows a configuration in which an idea

is applied to the way of piling in this occasion.
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designate first and second lighting prismplates arranged up and down,
respectively. Each of prismportions of the lighting prismplates 33 and 34
is formed so that the angle of the inoperative face thereof is 90[err]
which is as much as the case of the prior art. The configuration

characteristighat iLB,siankedineat, itheSuelfiekrbatet hameeadsd 33 ghd B3ad prism
plate is arranged relatively to the first lighting prismplate so that a

distance%gg%ﬂégggafggF?tﬁgdi§eegﬂ&ii§9hQ§B§ﬁ§Qi§H_-&QE@%35&¥%n QEgQQ%nd

portion- I rst ghting prismpFate an i hoperative fdace

portion of the_second.lightin I sm plate oppesite t e first.lighti.n
b1 s o1 908 ¢ oF SREPERIVRER  FRBPWBT) RS PPEELPhSe O8ntngori PR " B i B
di ssonant_, The distance of displacement S is preferably selected to satisfy
the exprigkates #3<ard3p ipnformed por EppEsthesapgdepPichhss inpperasiadti ve
prismportions) to thereby make the transmttance largest. In this

occasi onfatdectheceefiséso90t hehichnigi asamuchi ast the gesrsofathkeepmide art.
| argest as long as the distance of displacenment S in this enbodinent is

sel ect edrh® &onfig@pPat IV ¥RhHEct8ra6€e0EdanCeh st BmbbBainkateiBNkueAedhat
conditional expression in pursuit of outgoing light rays. If a third

i ahti : o, . ¥ . oy : | at.
st o vy S SR FLORELAYTNEL R BIARBDER, HPERRQbAnc L1 AtLVEEYELTEhE Butst
equi pped, with, a dégPIacefggé ég thagogtéon havingfadLength corregpggding to

t he di st +ﬂ%§{ﬁg sm p istance isplacement
provided between an inoperative face end portion of the first
lighting prism plate and an inoperative face end portion of the
second lighting prism plate opposite to the first lighting prism
plate to thereby make the two inoperative face end portions
dissonant.

The distance of displacement S is preferably selected to
satisfy the expression 0 < S < P (in which P rep;esents the pitch
of the respective prism portions) to thereby make the transmittance
largest. Ih this occasion, the increase of the transmittance in
this means can be made largest as long as the distance of
displacement S in this embodimént is selected to be an optimum
value in accordance with the aforementioned conditional expression
in pursuit of outgoing light rays.

If a third lighting prism plate not.shown is arranged under
the lighting prism plate 34, the third lighting brism plate is

ought to be arranged so as to be equipped with a displacement
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di spl acenent S between the second and third lighting prismplates. An
experinment of the transmttance has been nade under the condition in which:
the pitch Pin each of the lighting prismplates 33 and 34 is 1 mm the

di stance of displacenent Sis 0.3 nm each of the apex angles [err] and

[err] | MM Inavlyl £3Léngén[E6FtéspoRalRg L6 tRe 98l 8EahckNoki 9. 12. As
a result” of the experinent, a characteristic graph (b) expressed by the
dot - and-gdash line in Fig.. 14 is_obtained., ln.this_ oc ' t he.

ranom (ihaqten{ 4 Haeddes e SL00R, 4R Eh Eed EEGhOEng] BRten PRREERy
plates are rotated so, that outgoing light entirely goes out perpendicularly
(in the di red® AXRAL NN RT chre Sransnithansedhas (hean chadeacrrdest the
graph (a) of the prior art in the case of the displacenent distance S = 0,
it is ammddtiarhain tvielch ante tpbincke P sin npaclyedf sthghtightihat pirssmwhen
the sun is in the position obliquely right up with respect to the position

[err] ofplldtRssWB 4t 3Hciglentnj OtHe NBbSESn¢dI OF 0D §PPacOROLEISVEsS| 0 OBt g
prisnms 33 and 34 as indicated with the solid line in Fig. 12. Wen the sun

cones inRJdhe iHd 68#?'i L t he V, S§f dReshdciBe
| i ght p%sses ﬁ%&ég%g%g % o] tsl' nﬁ‘g!L rﬁ‘gm%;%tn‘l%’h'e %ggoén:%l&?n(gro pr?g‘?n genk
portion thereof firs nd then the cked, so as

(o be 0 ocrbd i (1 4 & 1Rt 1T O AT 1REE i F OO EFEERT T EhTe
portlon;?!ﬂﬂtggi'éﬂgrégng by the dot-and-dash line in Fig. 14 is
obtainéd.

In this occasion, the transmittance is obtained in the case
where the respective lighting prism plates are rotated so that
outgoing light entirely goes out perpendicularly (in the direction

. of the optical axis).

Compared with a characteristic graph (a) of the prior art in
the case of the displacement distance S = 0, it is apparent that
the transmittance is improved slightly;

That is, when the sun is in the position obliquely right up
with respect to the position T« of the sun, the incident light
pasées through the‘respective lighting prisms 33 and 34 as
indicated with the solid line in Fig. 12.

When the sun comes in the position Ta lower in height than the
above case, the incident light passes through the lighting prism 33

at the second micro prism portion from the left end thereof first

and then the light is blocked so as to be reflected on the
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of thes.same lighting prism33 as indicated by the broken line in Fig. 12. '
Thus, there'is yet a problemto be solved in that sonetines the outgorng

Irght cannot be trapnsmtt E nment i ment 3-3

of Ot he THRRRZAR I FRe5 0 F Sl SERPRY TR Ler S Sitn Jootf 10 REon Bhes Te¥e ‘wrid
enbodi nent is in that the uppernost (first) lighting prismplate 35 is

desi gned ithet [samenrisl ghnineg pisisme3light indipated by atke3BrokennlineFiigp 11
so that the inoperative face angle [err] A thereof sati-a§ies the foll ow ng

condi t iFQRAl 19XPT EHRIPNStREL O L8 Ty © slg[;fran@férﬁ tdo@rs6i'vani int BRat
aforenentroned [err] 90[err] < [err ATerr (5)

[o71] somstines the outsotng Li0R) AlbAdt e EATigRLLLE oxpression (5) i

an |npor ant con I ona e expressro need not al-ways
be satisfied. Althou h thrs enbodrnent shows the case where the inoperative
face aﬁ&W€°§Bm§Ptt@e econd |i'ghting prismplate 34 is selected to be
90[err] in the sane manner as in Enbodinent 3-2, the angle aB is preferably
. sel ected t oFigti 3By showsfEmbodine n it 2 xpf g qmsesa)t aimvéBiioAs an
experinmental exanple for this enbodi ment, an experinment of the transm ssion

Zgng; : ;0n6?ffglbh%o%@1@rutldtﬁrﬁn e RO FESKEL d o F i1 4 Serﬁrdst?arxﬁ@he‘:faﬁﬁlh thaet

the uppermost (first) lighting prism plate 35 is designed in the
same manner as the lighting prism plate 32 shown in Fig. 11 so that
the inoperative face angle «A thereof satisfies the following

conditional expressions in order to ellmlnate the problem in the
Embodivuen - 3~ 2

aforementione E?mbodtment—2=?}

90. <0A§6- -o-o-(s)

9h§.aA§9e . 0.0;0.0(6)
In this occasion, the expression (5) is an important
éonditidnal exp:ession but the expression (6) need not always'he

satisfied.

.{_C'_E"._'_r; .

Although this embodiment shows the case where the‘inoperative
face angle o¢B of the second lighting prism plate 34 is selected to
- be 90’ in the same manner as in Embodiment 3-2, the angle oB is
preférabiy seiected_to satisfy the_aforeméntioned expréésions.(S)
~ and (6).
:"As_an.eXPé:iﬁén£51 e¥éﬁplg for:thiS'émSOdiﬁeht,.an experiment'
of thel;f&hsmiSsion cpnditi§n of the sﬁlar-light-has beeg Tade in

This is the _replacemerrt-:_'sheet' '
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t he case of pitch P =1 nm dlsplacenent distance S = 0.3 mm aA = 110[err]
, [err]B = 90[err] , and [err] [err] 45 [err]. Avresult of ;the
experinment is expressed by the SO|Id I|ne (c) inFig 14. Also in.this
enbodi ndilte qadse (efrghtchaRce Lsmoht displacement distancer & £hd .Cedpectale=
lighting prismplates are rotated so that outgoing light entirely goes out

per pendijawr g lag (& mdhp ghaegli angaf =t §8° Opt ACRbs@XtSHE AheSleperihddte is
curve (c) of Fig. 14, it has been confirmed that the chagacteristic is

)
|nproved Y, a [ i Ok of ;,he cur've (a) and [err]
of the & <aﬁ%%&%$il¥%€tg?gg& 6%3? PFénéﬂ1f§3nc%kls | mpr oved renarkably
particularly in a |ow height range of the sun. Incidentally, in
respective chdStidithig elgPa%@ep‘a) f-Be(E)'aBF“‘FFEa“EQ 1§aP§t&r1@e§r rlzihd-'é'tf
while the light reflected by the inoperative faces is regarded as 0 for the
sake of casgphifdrmmttlon resipectivecbightibngt pphsmhplatés aekl eotadted gt timt
not effective. Because Enbodiment 3 is configured as described above,
Enbodi mepiegd P 1901t | it i £ 1 $ChSedSobie! b@%ﬁen&i—o\.ufgﬁl{re% BACkhee direction
|noperat|ve faces [err]A and [erT]B (hereunder generally referred t
"[err]"s) rmed .an the |l ower surfaces of the lighting prlsn1plates are
f or med 5 %w925hqgﬁyfﬁﬁs he | east the expression 90[err < [err] so
that the rate of transmitted |ight blocked by the inoperative faces is
| ower ed, the ASotsdiown disrithe eneventeta@EsFig. that ihehasghepngcentiemescy
S inproved

that the characterlstlc is improved more greatly than both the
Ewmbodiment 3-2

prior art of the curve (a) andﬁ?mbeéément—%—?}of the curve (b) and

that the total transmittance is improved remarkably particularly in

b,

o3

gyt
o

L
o

a low height range of the sun.

Incidentally, in the respective characteristic graphs (a) to
(c) of Fig. 14, data are arranged while the light reflected by the
;noperatiVe-faces is regaided as 0 for the sake of simplification
under the-coﬁsider#tion'thaf:the refiected lightlis ndt effective.

Because Embodiment 3 is configured as described above,
Embodiment 3 has excellent effects as follows.
(1) The respective inoperative faces e¢A and «B (hereunder
generally referred to "a") formed on the lower surfaces of the
iighting prism plates are formed so as'io satisfy at the least the
expression 9@_ < as Q; so that the rate of.traﬁsmitted_light
blocked bf thé.inopéfatiQQIfédés is lowéred, thé totﬁi |
transmittance inéreaéés.so that the”liéhting effiéiency iSJimprovéd.
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(2) I'n the case of a nethod in which a plurality of lighting prismplates
are piled one on another in the up/down direction, the lighting prism
plates are piled with the distance of displacenent relative to each other
so that a function which is simlar to but smaller in the degree thereof

t han t hd )undiri drhes luase iof tdhanechad)r bphwifiidh canpber pkityrofdligBying phésm
plurality of lighting prismplates are fornmed to have the shape of the

i ght | ngh IR el 4 Ayt I Whé Nort Neh PRSI APDeKd) up/Eowacdi Péctien) i ghe prism

plates i's provided with the distance of displacenment shown in the paragraph
(2), the ., taot.al rs't%pé:ec . 4 [TDr. 0V, e LD |

l'ighti ngléﬁftﬁagteﬁ?} ggﬂar# e ?Srrpérax'no?/ irrét;ar) e&bﬁgaﬁé %%?%Saéés/y%%r%l{ ssir)r;f%?&{}ﬁ%t
respective functions of (1) and (2). According) the presenf jpvention has
Lbry e i d At Tune G0 (iaf 14 ARG ot Set s o md L35 ab Baf e
house. Enbodi nent 4 Enbodi ment 4 of the present invention concerns

condi t | gmaldfemdtnerthe degreedrhersmafy than rhelcfunctipn showe b1 ®heighting
prismplate used in a solar lighting apparatus. Referring nowto Figs. 19

t hr ough paz agirdaphprilicigdre b pexforgredt i on of the present invention will be
described. Figs. 19 and 20 are explanatory views show ng the conditions of

L ransm g3ion 1¢f +$Q g%dﬂamltt } of Na i il Pk P GoTKldd G¥d NEb AR S P! RA RS

avi ng apex angl es 1 and [err] T2 Trespectively. 51
the shape of the lighting prism plate shown in the paragraph (1)
and each of the light prism plates is provided with the distance of
displacement shown in the paragraph (2), the total transmittance
can be improved more greatly, that is, the lighting efficiency can
be improved more greatly by the synergism of the respective
functions of (1) and (2). Accordingly, the present invention has a
very wide range of application to é lighting apparatus for a.solar

system house.

Embodiment 4

Embodiment 4 of the preéent invention concerns conditions of
material for increasing an incident light range of a lighting prism
plate used in a solar lighting apparatus. Referring now to Figs.
19 through 22, the principle of configuration of the present
invention‘will be described.

Figs. 19 and 20 are explanatory views showing the conditions
of transmission of solar light in the firs£ and second 1ightiﬁg

prism plates having apex angles 0Tl and 8T2 respectively.
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As shown in Figs. 19 and 20, the angle of the inoperative face increases
fromHL to H2 to thereby block the |ight rays' way correspondingly in the
case where the apex angle of the lighting prismplate is [err]T2 which is
| arger than [err]T1. That is, there is shown the fact that the

transm ttance of .the solar. lig dec es P ]| L DLi

I ncr eases. T%ss %hé)c ilgf‘ ?;ll%ée'd qDgy %rhi?(g’ctﬂ?%a%'b%%ngg hgﬁ‘gpggl(gé%%?glg% ?ﬁée
prisms is large, the ingperative faces thereof are wi dened to thereby block
the |i ghncrapees framh Hhfo HyHo i therrbY RIPehetheobkIht i KRY$ ac¥Y cannot
be transmtted and cannot be controlled. Fig. 21 shows rel ations between

i nci dentcoangspdnerimiglydein didié arassmgrteefertiie (apeersngle off reie atighging
power), etc. in the case where the solar light enters a prismand goes out

from t herisms Plave sy 6121 wHItHrigs adsgdhectaexermgl e of the prism and
[err] represents a range of the incident angle. Fig. 22 shows the nean

val ue (degr egg, +0f; defdiGid ary %Pﬁivﬁ-ﬁ G rﬁélorl‘[ﬂa{@ Er%]ttlf&?adé}ﬂ@@éﬁcér@k €the
range (degrees) of the prismw th the apex angle of the prismas a

par aneter . _As.i.S,.qQbvj ous fromFiq. 22, the refracti power of, the prism
havi ng SO3AE: M ighdy detea s AL H RS e A Lt e edteS 1
but the incident angle range can be controlled by the change of the apex
angl e offhife fpcts hss Fagsad bye thnfiast tthat grient fhe AR I LhHi e

hei ght range of the sun of about 138[err]. Accordingly, it is apparent from
t he poi prisfsviiswlafrge,ddéhiengnsperative faces thereof are widened to

thereby block the light rays' way so that light incident to the
inoperative faces cannot_be transmittéd and cannot be controlled.

Fig. 21 shows relations between incident angle 0., deflection
angle 0= (intensity of refracting power), etc. in the case where
tﬁe solar light enters a prism and goes out from the prism. 1In
Fig. 21, 0T presents the apex angle of the prism, and 0~ represents
a rénge of the incident angle.

Fig. 22 shows the mean value (degrees) of deflection angles
corresponding to the incident angle range (degrees) of the prism
with the apex angle of the prism as a parameter.

As is obvioﬁs from Fig. 22, the refracting'power of the prism
having a small apex'angle, for example, ofllw decreases to about
12° but the incident angle range can be controlled by the change of
the apex angle of the prism so as to be adapted to light rays given
from a wide height range of the sun of about 138 .

Accordingly, it is apparent from the point of view of widening
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the incident angle range that it is preferable to nake the apex angle of
the prismas small as possible and to make the refracting. power

(defl ection angle) as | arge as possible. Next, Enbodi ment 4 using the

af orenentioned principle will be described belowwth reference to Figs. 15

through &8ewWphébhaane QﬂQIEYrQﬂ?érﬂﬁdtfﬁQnEszQ%&eaﬁﬁlé @kl &he apex
configuration table. In Figs 5to 18, a first lighting prismplate 51

dy h h d I
pri s pl a{‘élézggt‘?ﬁﬁg S5 BF Spbhdh RoRRi kAT ARCAR, BERY e Yieieng

be at a predet stanc fromthe first rismplate 51 are
f or med °H§anéﬁfﬂ %Bf?ﬁgiﬁ edfta éfﬁﬁiasrggﬁg& gls IIn Fhls occasi on,

the apex angle [err A of the first lighting prismplate 51 is selected to
be small er th¥fXtheEBpedimapke4[ Hping &het RECEERSAGLONGR: PAd nEiiPde Widde be
52, as shown in Figs. 16 and 17, on the basis of the result of the
aforenendésoeﬂbednbéﬂewaWibh nefageﬁbgstolsigs.zzs EbroaghmllBe whdch are
conbi nati on of aA of 42[err] and [err]B of 51.48 nmay be considered. In this

occasi onpadtiygénietgaqat E¥éntnyeewal ahaCh dehpAkYyial koaFigurleiondallle.
abbreV|ated to "PC"), or the like, excellent in nachlnlng property, weather

F[Sﬁ{Pﬁ;spfpgn$”?g§%:r§§'ébaﬂﬁ? LS rREEEC1IBhY iHGCPraSnt BT aTR! 87 &l ralgedPdh
the upper side of a lighting portion and a second.lighting prism
plate 52 arranged in the lower side of the lighting portion so as
to be at a predetermined distance from the first lighting prism
plate 51 are formed by using a high refractive material,
respectively.

In this occasion, the apex angle aA of the first lighting
prism plate 51 is selected to be smaller than the apex angle «B of
the second lighting prism plate 52, as shown in Figs. 16 and 17, on
the basis_of the result of the aforementioned consideratién using
Figs. 19 to 22.

For example, a combination of oA of 42° and oB of 51.48 may
be considered. |

In this occasion, a high refractive material such as
polycarbonate (hereinafter abbreviated to "PC"), or the like,
excellent in machining property, weather proofness and impact
resistance is preferably used as the material for each lighting

prism plate.
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Further, in Fig. 15, the reference nunerals 53 and 54 designate notors,
respectively, driven on the basis of a signal given froma CPU 55. The
lighting prismplates 51 and 52 are rotated by nmeans of the notors 53 and
54, respectively, so that optimm prismangles of the lighting prismplates
51 and 52 arBupbber peiincPigespbpdihgl yeFerktheehaugbraded 53ziamdt ls40f t he
sun. Because each of the lighting prismplates 51 and 52 in the present

invent i @signaeé MtOfsi PegPebeivatyl, vVar MBLA! bl tnbhBakehr 8¢t NG igpdgx of
the incident angle of the sun at the flghtlng portion 1Is nade Iargg SO t hat

t he af og ppEpt } d,p Utk is de. Lnum.corre ndingly _t e _change of
t he inc§dent gﬁg eaag?gn%%ht %ﬁgtﬁégﬁéﬁgﬁeﬁgggy Eﬁgtsﬁng#hP8§g§guFthe.year
conjointI% mﬁ%h%§he rotat%og of the Iightina grisn1p|ate$ 51 and 52.

Furt her:OH2t80sRY i ReahR Q6| the| PgRPFRgo3ppafarhs EESPREtAVELEmt SPNEBAL ON,
the apex angle [err]A of the first lighting prismplate 51 is selected to
be sralPRELIRHEPX heh pogles Pt tBeolightingcpnisii phateg pli sndpbat ard? as
descri bed above, the bl ocking of the light rays' way by the inoperative

f aces ofbtainéd reoriegpondingly stopthéechéight andeagzimbitht 8£t BAEEBMNI, MProve
the transmttance of the prisns as it has been considered by reference to

bl ate 51 1o onall e b oy Fomt e L AP ol nenn 82 AP sBe T
range, pidénd "EI&EIEAGE 19 PONREG Ohe ! 4 A gh AYSe LY b e PRLELE S, T ogged. 54
refracting index of the incident angle of the sun at the lighting
portion is made large so that the aforementioned pursuit is made
~ optimum corfespoﬁdingly to the change of the incident angle
attendant on the movement of the sun throughout the year conjointly
with the rotation of the lighting prism plates 51 and 52.
Further, because in the solar lighting apparatus of the
preseﬁt invention, the apex.angle aA of the first lighting prism
‘plate 51 is selected to be smaller than the apex angle aB of the
second lighting prism plate 52 és described above, the blocking of
the light rays' way by the inoperative faces qf the first lighting
prism plate 51 is made small to thereby improve the transmittance
of the prisms as it has been considered by reference to Figs. 19
through 22.
If the apex angle aA of the first lighting prism plate 51 is

small, the sunlight rays can be controlled in wide incident range,

while the refracting power of light rays by the prism is reduced.
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The apex angle [err]A of the first lighting prismplate is therefor
selected to be in a relatively small value fromthe point of view of the
lighting efficiency throughout the year in spite of sacrifice of refracting
power. The refracting power sacrificed as descri bed above can be

conpensatygfy fagiei:gkad%‘%ﬁ?id‘ﬂ LHE AP ANOyPL By Obr 1 &iF p1OPET D8 PhEFB¥or

plate. Fig. 1 | e show ng the conparison in the values of the apex

angl es of_ t.he .r ective lighti rism pl s_betwegn th ase. o
convent | SEISGHSE IS K A 1ea TR Doy SrRl S AR TER R PERETBRLRL pf v iew
refracting index and the case of prisns of PC which is a_high refractive

mat eri al Forthg iidh i ereftieirnes| throvgpethgtharvedhot® 2RELGRE. 1t is
apparent fromthis table that when PC is used as the lighting prismplates
in the |isfiedifiqeraf orgfraetiapexpewes es Tie boefiracting gpowercsadr |k fjhedngs
prismplates are nmade small and the lighting efficiency is inproved

conpar ed ddddr itded cEborentcande nEdpersaeMMYr BPeinoréagingt the sperRJafgle
high refractive material in the lighting portion as in Enbodi nent 4 has

excel | entypefdeaine asiduld rish EEE&:@Q!SE the refracting power of the solar
light incident to the Iighting portion iIncreases, a wide range of incident

|19t can be en AL DS ndBER URY donmp80ES" IheLLU8lkes of the
apex angies of the respective lighting prism plates between the
casé of conventional prisms of acrylic material (PMMA) having a
relativély low refracting index and the case of prisms of PC which
is a high refractive material for achieving efficient solar
lighting throughout the year.

It is apparent from this table that when PC is used as the
lighting prism plates in the lighting portion, the apex angles of
both first and second lighting prism plates are made small and the
lighting efficiency is improVed compared with the conventional
material (PMMA).

The configufation using a high refractive material in the
lighting portion as in Embodiment 4 has excellent effects as
follows.

(1) Because the refracting power of the solar light incident to
the lighting portion increases, a wide range of incident light can
be taken into the house.

Accordingly, long-term efficient lighting can be made
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t hroughout the year. (2) Because two or nore |lighting prismplates of high
refractive material are arranged in the lighting portion to thereby pursue
the solar light, both the solar lighting tinme and the transm ttance
increase to thereby increase the lighting efficiency nore greatly conpared
w th t hetlmasegldutotpergeat. (3) Because not only the mass production of

| ighting prismplates can be nade easier but also the prismpitch can be

made smaf3er yEESude tw8 6ef hask !E?H@iﬁ{;i Pkigmcghheeg b? KAGh ReFfactive
property and weat her-proof ness, such as polycarbonate, or the like, is used

as the TRLECLALorot A Lhghh 04 PRLSTIBLAY RS, bR 18h7 BB HREIN Ul e

| i ghting portTon can bé reduce e ting portro

out door use cap, be.increas ﬂ. %4& Because.pol ycarbongte i s resistant

agai nst THALLLights SoPERGERe FOLAE 1igRELRG pARE! SRACEReDET AREPIESERFhen

pol ycarbonate is used. Enbodi ment 5 Enbodiment 5 of the present invention

whi ch colrereasereqchhepabyf inereasei bheohightingesféicipgryi AQrer gseatly

pl ates used in a solar lighting apparatus will be described with reference

to Fi gs.cémpiated ghtR6thé&i gas@3ofsna pahsubtic expl anatory view of the

lighting apparatus. Fig. 24 is an explanatory view which concerns

reflection ofpéé&ise REt only the mass production of lighting prism plates
can be made easier but also the prism pitch can be made smaller
when a high refractive material excellent in machining property and
weather-proofness, such as polycarbonate, or the like, is used as
the material for the lighting prism plates, the. size and weight of
the lighting portion can be reduced and the life of the lighting
portion in outdoor use can be increased.
(4) Because polycarbonate is resistant against impact, the
strength of the lighting portion can be increased when

polycarbonate is used.

Embodiment 5

Embodiment 5 of the present invention which concerns
prevention of reflection on surfaces of lighting prism plates used
in a solar lighting apparatus will be described with reference to
Figs. 23 through 26. |

Fig. 23 is a schematic.explénatory view of the lighting
apparatus. Fig. 24 is an explanatory view which concerns

reflection of light.
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Fig. 25 is a graph of surface reflectances cal cul ated by surface reflection
simulation. Fig. 26 is a graph of nmeasured transmttances of the |ighting
prismplates. In Fig. 23, a lighting portion 61 includes a first lighting
prismplate 62, and a second lighting prismplate 63. The lighting prism

plates 62 andrfg.aps bseth gedphobfpeuyEackonettecthbbtew ahddulateddChy. The
lighting prismplates 62 and 63 have upper and | ower surfaces covered with

quorineggpggggnggfiggkﬁghig@mgigggéngnB 64, respectively, and are
designed so as to be able to rotate around a vertical center axis line 0-0"

I ndependent | y_.. The, Li ght 65 _from the sun i urned.downward i he , . . '
direbtton of ‘Fhd-aPPolPcl BoePReCrclpasrrsd FErlemsiecoremnet s Lpting
second lighting_prismplates 62 and 63 even in the case where the height of
the sun RhhfBeBla%tfdt is, the Iighting apparatus according to the present
invention is a lighting apparatus for collecting light rays fromthe sun to
use the |ightInafsgtoR3li ghlightihgapongiost 61 Theluidgist and ixgkaddght imgs,
in the lighting portion 61, l'ighting elenents subjected to a reflection"

preventi ﬁ_ﬁiaﬁo%sgsﬁef ep, pagdeat heaohhelig_hftaﬁg pefikac plakeols3t.he Thieghii ghdihg
The lighting elements are at least two [ighting plates, such as the first

d c L ' ' | 2 ' hQri I
naependent Ty P et eppoabRof s, RednPiA s e BedRPaR B R e s N a RS s
| east siqglg I@yer'coat'ng to each 57

to "PC"7. The ligh

ting prism plates 62 and 63 have upper and lower
surfaces covered with fluorine-contained reflection-proof films 64,
respectively, and are designed so as to be able to rotate around a
vertical center axis line 0-0' independently. The lighf 65 from
the sun is turned downward in the direction of the arrow 66 by the
resbective rotations of the first and second lighting prism plates
62 and 63 even in the case where the height of the sun changes.

That is, the lighting apparatus according to the present
invention is a lighting apparatus for coliecting light rays from
the sun to use the light'rays for lighting, heating, etc. The
lighting apparatus has, inhthe lighting portion 61, lighting
elements subjected to a reflection preventing process for
preventing the surface reflection of the light rays. The lighting
elements are at least two lighting plates, such as the first and
second lighting prism plates 62 and 63, which can rotate

horizontally independently. The reflection preventing process

includes application of at least single layer coating to each
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lighting element with the fluorine-contained reflection prevention film 64
to a predeterm ned thickness. Here, light reflection which forns the
foundation of the present invention will be described. In Fig. 24, when
general ly light of wavelength [err] advances in air A (refracting index no

=1).in tlh@rﬁhlrr?ctémaft tfiEL HI W 20Gb 51 d -Lsn Ol e & UDSE T &k €16n (peévest 18

index n2) coated with thin filmB (refracting index n[err]), the thickness

;I \?fent B)e/ ‘:{%é‘peidplrgegsg 3&%@@? erﬁﬁﬁfkl[ﬁcé%ﬁgsgr eventing effect largest is

........ (7) and it js knomn that, reflection is est as

fol | owi ng exprid§ ot i@t e Llgqidon s %‘P‘T%c’f E‘?}‘E‘é‘%ﬁlO“ n‘B1tE =theerr]

- nferr] ..., .(8) Accordingly, as long as a naterlal sati sfying these
expr essi Eresents dnsantd om wiekh regl degenidiedn kB i néd ef ¥eem generally
obt ai ned. The present invention is designed to utilize such a reflection
preventi ng gt exft .wasayickrig sl fadvdriseaif i e tA oneesiftagbing i nd@Rrad us, 1)
simul ation of surface reflection and nmeasured results of the transmttances

of the |ightiid iR PRISHE efuélaﬂ%vsi é)&dn@@é% 4 aduSopel {%éoes The

first Ilghtlng prism plate has ang es 0/42, that is, the upper ace of the
first | rismplate is, a an rys g e lower face
thereof is:eﬁ%é%ﬁng( @2’25"0&% vgjg%qa trh rpf ﬂ}\aé‘ Jrei? ac ing index

ni), the thickness t of the thin film B to make the reflection
preventing effect largest is given by the expression

t = 1/4na | CeveedlT)
and it is known that reflection is made smallest as the following
ekpression (8) is satisfied more perfectly.

Ni - No = Nz - Na Cecenn (8)
Accordingly, as long as a material satisfying these expressions is
selected, a desired reflection preventing effect is obtained.

The present invention is designed to utilize such a reflection
preventing effect. Conditions for the aforementioned lighting
apparatus, simulation of surface reflection and measured results of
the transmittances of the lighting prism plates will be described
below.

(a) Conditions

The first lighting prism plate has angles 0 /42° , that is, the

upper face of the first lighting prism'plate is a plane and the

prism angle of the lower face thereof is 42° (see Fig. 23). The
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second lighting prismplate has angles 0/51.48. The reflection preventing
film(see Fig. 24) Bis fluorine-contained reflection preventing film
"CYTOP" (made by Asahi dass Co., Ltd.) and has a refracting index of 1.34.
Because d rays ([err] = 588 nm are used instead of the solar light, the

filmthi dewssd tlightohgubeienl phate -hderanglageor Y5k . 4888/ 4XThaddrefligtion
in accordance with the expression (7). The reason why d rays of [err] =

588 nm a;@%&fég&io tf'ﬁxﬁa@é'éaf%?f" 2h) LR L1 k] éPiﬁEﬂééiﬁtBiﬁgheE:E]E'iéﬁ[t%%]

isinth wavel engt h gh invisibility 1s selected as a

representative fromyisib)] Lght , but this reasop,has re I QN _Wi.t

Iager Iigﬁﬁ?vﬁ?ﬁfﬂ%véféﬂgtﬁyéégFbgm@é?ag%rAf? ﬁt8%§s§3§8hﬁ1ggé'?saﬂgegaﬁna
an experinent for nmeasuring surface reflectign. Strictly %he calculateg
val ue andSHAGELRTrERAS% 96 Linddn Hecansei detir¥y 4di figo8Pr PRI ALe use

wavel engt hs are conpared wth each other but these values are considered as
appr oxi nekres teadjuaf the ueslax b)ightul théohibh Shickoesret| ést ceAcplgtedsas t
shows cal cul ated refl ectances of PC surfaces. Fig. 25 shows a condition in
whi ch t he= ref4ect-ans®s 0ix1 h®4 s4rib0eneobh edcdtdahbe weétheeheorxpregsibnng
filmB as shown in.the graph (a) of Fig. 25 is decreased by about 5% per

one interfpce rRQardlessn Ofhy g +aps dspt ) anokgs caRParedudelin ihhene
refl ectance of the surface having nho reflection preventing filmB as shown

in the oraph. (Pl pln F46- cRS e fh ORASKASS: TEA0SH)4haNGES iR chbEMGH cPLiesm
wavelength high in visibility is selected as a representative from
visible light.but this reason has no relation with laser light.
The wavelength of He-Ne laser light is 633 nm and is used in an
experiment for measuring surface reflection. Strictly, the
calculated value and the measured value which are obtained by using
different wavelengths are compared with each other but these values
are considered as approximately equal values. |
(b)) Simulation of Sufface Reflection
Fig. 25 shows calculated reflectances of PC surfaces. Fig. 25
shows a condition in which the reflectance of the surface coated
with the reflectiﬁn preventing f£ilm B as shown in the graph (a) of
Fig. 25 is decreased by about 5% per one interface regardless of
ﬁhe incident angle compared with the refiéctanée of the surface
having ‘no reflecfion preventing film B as shown in the graph (b) of
Fig. 25.

(c) Measured Transmittances of Lighting Prism Plates
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Fig. 26 shows neasured results of output energy relative to incident energy
in the lighting apparatus of Fig. 23 in the case where the first or second
lighting prismplate or both the first and second lighting prismplates are
rotated to change the incident angle correspondingly to the change of the
hei ght of the Big. s?6t shadwsi geasuagd aegulost obl batdpue enenggowedarkdventohe
direction of the arrow 66. The transmttance of the plate coated with the

reflecti ofnP{EVROLERGrdy ! MhaBheNPYGnt PnghepBaRPLES£OFiG. 923230 $hbMBARKE
ncg 0 tﬁ h no

by about 6% conpared with the transmtt e plate coated wt

reflectio revent i filmas _sho tn, the graph (b f Fig LkLght rays
used i n (TREEECERE BPeat Sk SrESRdoLl Onk ife *pELIn Bl a8k ok Ppof B, bk 255
bet ween the_case where PC (n2 = 1.583) is used as the lighting prismplate
and the c2R® S@eeRd pbighbing| PRisRaBl9tascarappPEdfafelior shPRAR the incident
1.492) is used as the lighting prismplate, the following results are given
by the exmebsioor&poditngby BC the chipge]of hherhgight. 583thels8an so
0.243 Case of PMVA n[err] - n[err] = 1.492 - 1.34 = 0.152 Because the

val ue of fHatSLIGREefayd A ErédbntrdP1Ed 1t84turd dobnwdrdt b tBEl @¢keeRion of
preventing effect of PCis larger than that of PMVA. The refl ectance of

PMb obt aljech fiyopagyl ation in the paragraph (b) is decreased only by

The transmittance of the plate coated with the reflection
preventing film as shown in the gréph (a) of Fig. 25 is improved by
about 6% compared with the transmittance of the plate coated with
no reflection preventing film as shown in the graph (b) of Fig. 25.

Light rays used in this occasion are He—Ne.laser light (633
nm) .

(d) 1In comparison between the case where PC (nz= = 1.583) is uséd
as the lighting prism plate and the case where polymethyl
-methacrylate (abbreviated to PMMA, nz = 1.492) is used as the
lighting prism plate, the following reéults are given by the

expression (8).

Case of PC nz - nNa 1.583 - 1.34 0.243

1.492 - 1.34 0.152

Case of PMMA nz - na
Because the value of PC is nearer to ni ~ no = 1.34 - 1 = 0.34, the
reflection preventing effect of PC is larger than that of PMMA.
The reflectance of PMMA obtained by calculation in the paragraph

(b) is decreased only by 3.5%.
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Because the fluorine-contained reflection preventing film (anorphous

pol ymer) can be applied easily in a short tinme by nmeans of spin coating or
dip coating different fromthe conventional vapor deposition nmethod, the

af orenmenti oned prevention of reflection, that is, the increase of the
transmttance Becaldal tieel fludr I wéadoNtaAIntdW €DEéct Bvhogr avaht bngniadinment
6 of the present invention which concerns a lighting prismplate

driver/ hol dedr SSuSRPE ORRE A S¥n an.é vapgl 14 diagi By ! 1ghhi BHoPET 8ime! By eméand
in a solar lighting apparatus w |l be described specifically as Enbodi nents
6-1to 6-4.s ' | gs. .27 aIh i i PE] t Lvet/ der
of the proefsegrﬁmné/gan&l'gi ?% %{pél‘?%%tjf%gté&agg% %’?tl %‘%’R ﬁégagﬁgg’éﬁkgg 5'F-i g.
78 described prelimparily in the prior_art. (Epbodinent 6-1) Fig. 27 is a
B an vi 72ROk (EBOThE o e Tat o) She “aFSEehe oI aBrS RORPRBC EMBoRErent 6 1
of the present invention. In Fig. 27, the reference nuneral 70 designates a
| i ghting geflerpicene thah bs, athe aingrease pef shheaghpansniftancei 4g ebkpéped
whi ch receives torque of a notor 72 such as a stepping notor, for exanp]e,
as shown atn &Figela&ively ebdowycosti ndirectly through a worm gear (not shown)
so as to be driven. Though not shown, gears are forned on the outer
circunference portion of the Iighti nggpkbSimédt 6

Embodiment 6 of the present invention which concerns a
lighting prism plate driver/holder for appropriately
driving/hélding a lighting prism plate used in a solar lighting
apparatus will be described specifically as Embodiments 6-~1 to 6-4
shown in Figs.'27 to 31.

The lightiﬁg prism plate driver/holder of the'present
invention is applied to the solar lighting apparatus of Fig. 78
described preliminarily in the prior art.

(Embodiment 6-1)
| Fig. 27 is a plan view of the lighting prism plate
driver/holder showing Embodiment 6-1 of the present invention.

In Fig. 27, the reference numeral 70 designates a lighting
prisﬁ plate such as a flat plate prism; and 71, a driving roller
which receives torque of a motor 72 such as a stepping motor, for
example, as shown in Fig. 27, difectly or indirectly through a worﬁ
gear (not shown) so as to be driven. Though not shown, gears are

formed on the outer circumference portion of the lighting prism
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plate 70 and on the outer circunference portion of the driving roller 71,
respectively. The lighting prismplate 70 and the driving roller 71 are
arranged so that the two gears engage with each other. Further, O
represents a position as the nearly center position of rotation of the

| i ghti ngppaten7pl and ¢fl. theeoutker eiceuntfereace/podddiognaifethe daritvisld er
for the notor 72. \Wen, for exanple, the notor 72 is a stepping notor, the

Contr0||?619é¥e$13nerpEB%&%eQQntr@hepihﬁﬁtihﬁn rls'1rr'a|”I 1@ NG WiRS al 74
designates a setter for giving a control “conmand to t e controller 73 Thi s

setter S.const for xa etd re
|nputtedéﬁéyén?oF°%%§ gltﬁée gﬁSIggo%hFﬁetplgﬁtlnéeﬁrlsﬁpﬁﬂﬂ qu
optimum prism | e correspondlngl to the height and azinyth of the sun on

each dat@aSHdoﬁBgF TRELtBREr cRcECRERSLRLSTE BOSLAQNe 88, Beardy Geffer
detector such as an optical axis sensor or/and light quantity sensor, etc.
for det eppshyioheofonaitatdoy oficihes lighghng prilsm pladec 706f the sun. The
sol ar position detector 75 is designed so that the detection output thereof
IS given to tiResetfekende AametdlngBydekligndties agcodltrellét iforr ahat ector
“through the notor 72 on the basis of a driving instruction given by the

e o STURREL 408, CSURRLES AL ukef 04l ORHRDY S0 D )

on the dé&ﬁt@ofl 1vg% an in-phase control pulse signal. The reference
numeral 74 designates a setter for giving a control command to the
controller 73. This setter 74 is constituted, for example, by a
CPU. In this setter, there are inputted data for making the prism
angle of the lighting prism plate 70 an optimum prism angle
correspondingly to the height and azimuth of the sun on each date
and_hour.

The reference numeral 75 designates a solar position detector
such as an optical axis sensdr or/and light quantity sensor, egc.
for detecting thelconditions such as height, azimuth, etc. of the
sun. The solar position detector 75 is designed so that the
detection output thereof is gi&en to the setter 74. Accordingly,
the driving roller 71 is rotated through the motor 72 on the basis
of a driving instruction given by the setter 74, so that the
rotating control of the lighting prism plate 70 by the torque of
the motor 72 is always performed to optimize solar lighting on the

date and hour.
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The reference nunmeral 77 designates a pressure roller which gives pressing
force to the lighting prismplate 70 fromone side (fromthe upper side in
Fig. 27). Therefor, the pressure roller 77 is arranged in a position
opposite to the driving roller 71 so that pressing force is given to the
lighting prishif &eFerENGe Mmerads o asigpates LRFERRNFS riodh k8% i Whetrh
portion K. The spring 77a belonging.to the pressure roller 77 may be

const i t ugdarelsy px ess-ingalficatec et ithey drigiriingy pri smyplste chstinom eehdys ide
center inpeller spring. Incidentally, there is no gear fornmed on the outer

ci.r cunf ergiom ahd Wpgeresside imwleigy. %7) Therhefefdanc echivi N &d surdar siile 7 817
designate first and second driven rollers, respectively. These driven '

rollers 8a,304ngda 3rf LAPHA8G rb,gg%%itéeo% e U163 NI 2PN | ¥hat

opposite to each other as shown in 27 and but al so being opposite to

0, BTSRRI Forth 3% T 15, e IR A 48 8 o el e

exanpl e, opposite side positions with respect to the driving roller 71 as
shown i naFisPripg) 77 suspendesh £ rose ghdf igrad aentdiae s arhe isRiing 77a
supporting portions not shown so as to be rotatable being driven (dragged)
by the r dedongingf tichehd gitesspre ismhlEnt® Ay e iasgtEl futed Heyr ea i sono
gear forned also on the outer circunferences of the driven rollers 78a and
78b. Furcagied Rantdnled@r RYPYiNgRT Wi dd RdnyEtaited ) l£lcehtandinpel 1er

driven 63
spring. Incidentally, there is no gear formed on the outer
circumference of the pressure roller 77.

The reference numerals 78a and 78b designate first and second
driven rollers, respectively. These driven rollers 78a and 78b are
arranged in positions not only being horizontally opposite to each
other as shown in Fig. 27 and but also be;ng opposite to the
pressure roller 77 so.és to be in contact with the lighting prism
plate 70 to optimize the positional relation to the driving roller
71 (for example, opposite side positions with respect to the
driving roller 71 as shown in Fig. 27). The first and second
driven rollers are fixed to supporting portions not shown so as to
be.rotatable beihg driven tdragged) by the rotation of the lighting

| prism plate 70.
Incidentally, there is no gear formed also on the outer

circumferences of the driven rollers 78a and 78b. Further, the

contact positions where the pressure roller 77 and the driven
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rollers 78a and 78b are in contact with the lighting prismplate 70 are

made to have sufficient roomto spare so as to cope with the distortion of
the lighting prismplate 70 in the production thereof and the deformation
such as expansion, contraction, etc., due to the peripheral tenperature at
the setti kglnlea@e, 78 and SBY hale tihe ddrdidthgritii AP 1agh thithg gx dem hslgke 70
snoot hly (besides this enbodinent, this applies to the follow ng

enbodi nen - oA gyt farement | ' t -
ol ler 775 uige teibedt, i FAHERANES ol 4 42 Mgt SpRH e
lighting pr.ismpl.ate 70, .the .pressing force F.is ncel.ed by the one-side
parti al fa‘&i?r&[l@f’r Pfothe hting brign R 4% 1% A fg}f #d"g%t‘aﬁ{b thgreof
other-side partial_ forces Flerr]= and F[err] of the driven rollers 78a and
78b are canfeltdg Befesmatdaiesuch @feRRPANEHPor ICAME AT HRN NP KT i s HYR .
Accordingly, the driving roller 71 engages with the gear formed on the

out er ci r el @eeriphepadt itempeir athe d iaghttieg gEtitsimglpitace/0 etid.howso sthat ushe
force, so that torque can be transmtted to the lighting prismplate 70 to

rotate thqilgh@inighgrilsnt PlRIt &0/ GanERN Held oI et T tHid ess
backl ash occurs when the lighting prismplate 70 rotates, the backlash is

b bed | % [ qts I y/ ; l'ighti
sbeor S Bk S 08 iy e sa S Lt fiindde || oM 119
basi t t th t o ti h th fi ti
basr St S s, A AR 155 (06 SRS L, prespas,

enbodi nent, 64
roller 77 provides pressing force in the direction of the center of

the lighting prism plate 70, the pressing force F is canceled by
the one-side partiai forces Fia Or Fib Of the.driven rollers 78a
and 78b and the other-side partial forces Fa2a and Fzp 0of the driven
rollers 78a and 78b are canceled by each other to theréby support

- the lighting prism plate. Accordingly, the driving roller 71
engages with the gear formed on the outer circumference portion of
the lighting prism plate 70 without surplus force, so éhat torgue
can be transmitted to the lighting prism plate 70 to rotate the
lighting prism plate 70. Even in the case where more or less
backlash occurs when the lighting prism plate 70 rotates, the
backlash is absorbed by the spring 77a of the pressure roller 77 so
that the lighting prism plate 70 can be held flexibly.

This embodiment which shows the most basic structure of the

present invention has the configuration characteristic in that the

number of pressure rollers is smallest. 1In this embodimént,
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however, the alignnment of the-lighting prismplate 70 and the driving
roller 71 gets out of order easily because of the delicate position of the
pressure roller 77 and because of the delicate direction of force applied
to the center of the lighting prismplate, when backlash occurs in the

| i ghti ng ppwevep) atke 781 ighwentoof the loghbinggpeibodphebes7Dnpndvébei n
this point are thought of. (Enbodinent 6-2) Fig. 28 is a plan view of a

lighting @¢ieihg B6ELEE I YEr §8ekdeht SBEVbRge ENbagi I9nbebadsel okhenpr aegitate
invention. In Fig. 28, like nunmerals in each of Fig. 27 refer like parts in

each of E?@gﬁ%f@ﬂtoﬁ'éhe?%?eégﬁrge§8i%8£i99 QLdtB@FPg%EiffékhebﬂeQ bhiegd.

Though n own, neans driving the driving ro I s assuned to be
provided in this enbodinment |ike.Egbpdi pent 6-1. Th ference.nunerals 79
a0 defenatEof Der EGRGe anefue ER.ERE rinfer JOF LBRciERbELs RRASH: (o
and second rollers 79 and 80 are arranged in_positions (upper portion of
the |ightPk@teri€hen| haekkashoepyrsoby bb?nﬁlﬁbbbggtErﬂﬁmtﬁéagﬁrgp-and
second driven rollers 78a and 78b, respectively, so that pressing force is
gi ven to Ther¢fght i bige pfolhoping cemBodiments eimptovefioinetbisspoingsaréa
and 80a supported to fixed portions (not shown). This enbodi nent has the

confi gur ag¢heugigbagacteristic in that the four rollers consisting of two
driven rollers 78a and 78b and two pressure rollers 79 and 80 are bal anced

to hold tigbdgthidd 622)

Fig. 28 is a plan view of & lighting prism plate driver/holder
showing Embodiment 6-2 of the present invention. 1In Fig. 28, like
numerals in each of Fig. 27 refer like parts in each of Embodiment

| 6-1, and the description of the parts will be omitted. Though not
shown, meaﬁs for driving the driving roller 71 is assumed to be
provided in this embodiment like Embodiment 6-1.

The reference numerals 79 and 80 designate first and second
pressure rollers, respectively. The first and second rollers 79
and 80 are arranged in positions (upper portion éf the lighting
prism plate 70 in Fig. 28) being opposite to the first and second
driven rollers 78a and 78b, respectively, so that pressing force is
given to the lighting prism plate 70 by the elastic force of
springs 79a and 80a supported to fixed portions (not shown).

This embodiment has the configuration characteristic in that
the four rollers consisting of two driven rollers 78a and 78b and

two pressure rollers 79 and 80 are balanced to hold the lighting
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prismplate 70 so that the pressing force of the fornmer and the bearing
force of the latter are cancel ed by each other as represented by the
arrows. Accordingly, even in the case where backl ash occurs in the lighting
prismplate 70, the alignnent of the lighting prismplate 70 and the
driving polisar platies 70eso rohvad dihtel pressdmgarfedcs of Ehnsodiommer Grid the
Incidentally, in this enbodinent, it is necessary that the pressing forces

of the tpeaphiagys¥ordeOldfeithe’ 1 aatd 8@ raddiahtlelldde By @HdGbUNdsEPl ate 70
are made uniform (Enbodinent 6-3) Fig. 29 shows a plan view of a lighting

prism Pl 2L - Akheandlydthes Badoi EMIQUIIRNLARYS Ypd 4P HRE Mo dd WHUL O

In Fig. I Ke nunera I neach of Fig | Ke parts In

each of Enbodinments 6-2 and 6-1, .and.the descrigtion.of the parts wll b
o 1t od. PARRIAGE REEUERoRA tREard IPEAn BFLRE EHAE imd HRo A orRER S, OF
assuned to be provided in this enbodinent |ike Enbodinent 6-1. The

r ef er encéhguid ghtingpradsmgpdeds J0maind fhes Srdy ing relleghi’dh ifi keptriare
pressing force to the lighting prismplate 70 by nmeans of a spring 77b
suppor t edptamamf coapaged: wirkh( Emboslimemt. 6Hle ref erence nunerals 81 and 82
designate first and second auxiliary pressure rollers, respectively. These

auxiliary presagigentalels 3h and s82mbode memiGt iaNg &f deckEWally hdthahe
pressing force of the main pressure roller 77B against the lighting prism
plate 7Op§gssing forces of the two pressure rollers 79 and 80 against the
lighting prism plate 70 are made uniform.
(Embodiment 6-3)

Fig. 29 shows a plan view of a lighting prism platé
driver/holder showing Embodiment 6-3 of the present invention. 1In
Fig. 29, like numerals in each of Figs. 27 and 28 refer like parts

- in each of Embodiments 6-2 and 6-1, and the description of the
parts will be omitted. Though not shown, means for driving'the
driving roller 71 is assumed to be provided in this embodiment like
Embodiment 6-1.

The reference numeral 77B designates a main pressure roller,
which gives main pressing force to the lighting prism plate 70 by
means of a spring 77b supported to a fixed portion (not shown).

The reference numerals 81 and 82 designate first and second
auxiliapy pressure rollers, respectively. These auxiliary pressure
rollers 81 and 82 have functions for assisting the presSing force

of the main pressure roller 77B against the lighting prism plate 70
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fromlaterally symretrical positions. The auxiliary pressure rollers 81 and
82 are arranged in positions shown in Fig. 29 so that the auxiliary
pressing force is given to the lighting prismplate 70 through springs 8la
and 82a supported to fixed porions (not shown). Although Fig. 29 shows the
case wharen hatdrEhersyaimetacicall pdeei tiond i arfherassikioanrylpeess@de and 82
and the spring pressure thereof are substantially equal to the dianmeter of

the mai ARSI TAld Y2 Hi Ak ddedr 65 L Ofondiestsdin Non Why. 29 so

respectively, 1t 1s a matter of course fromthe respective functions of the
pressurg,rqllers that, the di o . Of, I LA&T Vi P ESSYT Sri

roll ers%’fﬁ'an %f%’g}lbaerxméfzé%ﬁ%ré% &?Plo% ]{Fg?n g#gt e na%c'rr’?i preéslslgﬁasm
roller 77B and.  that the pressure eac t he sprjngs, 81a, . be
made di I ENt7G rGRURR IR ANES s‘g? rPg“£7€g’§a ﬁ‘f%P‘gﬁ)%‘gi %nﬁlﬁg‘g Sﬁ{é‘lgﬁg
configuration characteristic in that the two driven rollers 78a and 78b

arr angednot tsteowibde opposite to the main and auxiliary pressure rollers
77B, 81 and 82 bear the share of the pressing forces given by the nmain and

auxi liary pressthicudiolFisys 79 Bshdis atlte 82ases wikprestne ediiapeter afreaghtof
t hereby cancel the pressing forces in order to hold the lighting prism

plate 7QpdhaixiBiaty pleSsGFOOBIEN s SV dhnd 82 Nend asite WoPE Endapkesstire

occurs in the’fldhtlng prismplate 70, the lighting prismplate 70 67
thereof are substantially equal to the diameter of the main
pressure roller 77B and the pressure of the spring 77b,
respectively, it is a matter of course from the respective
functions of the pressure rollers that the diameter of each of the
auxiliary pressure rollers 81 and 82 may be made different from
that of the main pressure roller 77B and that the pressure of each
of the springs 8la and 82a may be made different from that 6f the
spring 77b.

This embodiment has the configuration characteristic in that_
the two driven rollers 78a and 78b arranged in the side opposite to
the main and auxiliary pressure rollers 77B, 8l and 82 bear the
share of the pressing forces given by the main and auxiliary
pressure rollers_77B, 81 and 82 as rgpresented by the arrows to
thereby cancel the pressing forces in order to hold the lighting
prism plate 70.

That is, in this embodiment, even in the case where backlash

occurs in the lighting prism plate 70, the lighting prism plate 70
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is held nore stably by the main and auxiliary pressure rollers 77B, 81 and
82 and the driven rollers 78a and 78b conpared with Enbodi nents 6-1 and 6-2
because not only the pressure of the spring 77b but also the pressure of

the springs 8la and 82a act on the lighting prismplate 70. Accordingly,
even in tiee hedske e estalily dsh e wisin randcaustghiang pressupd atel¥Orst heB,
alignnment of the lighting prismplate 70 and the driving roller 71 is kept

better s@it halq tde Awmﬂ@mﬂo&mmﬁr&@w@%m T V&S5 PO Ywi th
(Enbodi mrent 6-4) Fig. 30 |s a plan view of a Ilghtlng prlsn1plate

driver/ h% %odxﬂ%"%@% EJFJD | 4 r%?t%cllatg%e ﬁrgc? porr}eff éap;}/regé c+|£| {;:hg sSng

| i ke nuner each

Enbodi ment s 6-1 to 6-3, and the description of the parts_will be onmtted.
Though nol7Es T S rAe E1 e QASUAG P Ha i TR 1RET G erand $22 ASE R 1€ be
provided in this enbodinent |ike Enbodi ment 6-1. This enbodi nent has the
confi gur dtight igtearcitem itate (704 hat the two driven rollers 78a and 78b
arranged in the side opposite to four pressure rollers (first to fourth)

79, 80, 83 andtbrEiaiglihe &he 6 mitHd&ddesaidite IBaEctash edchys tie €mar
pressure rollers 79, 80, 83 and 84 as represented_by the arrows to thereby

(o ook SHOSRLIRAR GAdt TTole SOl AN S B
prefer abl.% & rdar]:qled drnivp%sgl trloql. QH vaI pt Cl)et er 850 that the lighting
prism plate 70 can be driven stably.
(Embodiment 6-4)

Fig. 30 is a plan view of a lighting prism platé driver/holder
showing Embodiment 6-4 of the present invention. 1In Fig. 30, like
numerals in each of Figs. 27 to 29 refer like parts in each of
Embodiments 6~1 to 6-3, and the descriptidn of the parts will be
omitted. Though not'shown, means for driving the driving roller 71
is assumed ﬁo be provided in this embodiment like Embodiment 6-1.

This embodiment has the configuration characteristic in that
the two driven rollers 78a and 78b arranged in the side opposite to
four pressure rollers (first to fourth) 79, 80, 83 and 84 bear the
share of ﬁhe pressing forces given by the four pressure rollers 79,
80, 83 and 84 as represented by the arrows to thereby cancel the
pressing force in order to hold the lighting prism plate 70.

In this occasion, the third and fourth preﬁsure rollers 83 and

84 may be preferably arranged in positions equivalent to the
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positions of the first and second auxiliary pressure rollers 81 and 82 in
Enbodi nent 6-3. In Fig. 30, the reference nunerals 83a and 84a desi gnate
springs, respectively. These springs 83a and 84a belong to the third and
fourth pressure rollers 83 and 84, respectively, and supported to fixed
porti ons gaowitt idresvgf fidre of i sty ganid sseaond cawel I iatheptessuragrellens p8ht end
70. I'n this enbodi nent, because the alignnment of the lighting prismplate

70 and the did vBbd il 6131 S kept' better by the increase of the nunber

of the pressure rollers even in the case where backl ash occurs in the

lighting pri s_rlfnrpll,ait Z%' _ttPHae I%&gf%gréaﬁ%%?i‘% %%2 g ahz?égi?ﬁ' tgri ven

nore stably. e pres I hventi on 1S ho orenenti oned -
configurati ons of Enbodinents 6-1 through 6-4, d various deformatio
Choreor B B RGO She: AHIRR s Ji A7 P4 B8 Gt Lo e
been described, for exanple, upon the case where the driven rollers are
const i t uttddusy apnddounith driessure| fakle BB hmnd ght tivspeetbvely nvardi on
can be applied to the case where two pairs driven rollers are provided by

addi ng a swpqaied adfo diixesh poddisgs t (hdtheshmim) of oxdrgiceing opt essin@Gafande
- 78b. Al t hough Enbodi nents 6-2 and 6-4 have been descri bed upon the case

wher e thePrgRs WiggH g "B im tsﬁeai@r%.structure are provided, the present
i nvention can be also dpplied to the case where in 69

In this embodiment, because the alignment of the lighting
prism plate 70 and the.driving roller 71 is kept better by the
increase of the number of the pressure rollers even in the case
where backlash occurs in the lighting prism plate 70, the lighting
prism plate 70 can be held and driven more stably.

The present invention is not limited to the aforementioned
configurations of Embodiments 6-1 through 6-4, and various
deformation. thereof may be made as follows.

Although the respective embodiments have been described, for
example, upon the case where the driven rollers are constituted by

"a pair of driven rollers 78a and 78b, the present invention can be
applied to the case where two pairs driven rollers are provided by
adding a new pair of driven rollers to the pair of driven rollers
78a and 78b.

Although Embodiments 6-2 and 6-4 have been described upon the
case where the pressure rollers of thé same structure are provided,

the present invention can be also applied to the case where in
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order to apply pressing force the pressure rollers are classified into main
pressure rollers and auxiliary pressure rollers as descri bed above in
Enbodi mrent 6-3 and, to this end, a nain pressure roller 77B may be added as
descri bed above in Enbodi nent 6-3. Further, as described above in

Enbodi mrerdsddE lt@nmbiit 8, pit dies thig viowce otherprdssor oredklabs yaner ahgsdifined
position being opposite to the pressure roller 77 against the lighting

pri sm pl afped tin | pr S RS t § SN Ok NSn@PPERL 1 Lak P %h@sga}.e poesepEeakol | er
77B ar, as described above in Enbodi nents 6-2 and 6-4, the driving roller

71 is.pre rLanagd; | i £i0on. bei oppRS| t he_c r LS,y
of .t he pr%%%%’lr)ieg?%l#ers @%@%@m%?seﬁl%?%b ?(gI ltélre'}s 7§n%yab'g?£ﬁoggég-r§?re
arranged i [tion sligh distant fromthe aforengnti oned position as
Mong ae A it i o Haddacas  dber LS et oLS ErbeRingnoture

roll ers arranged opposite to the driven rollers are set bg selecting the
posi tional relBugidiebetarcfeseribrd abeye oln Bmadimentpecdbuli 3ol bobyekhe
78a and 78b which are arranged so as to be symetric with respect to the
driving ratiwing lIroldhdlghi «aote Hérdvbpdanemiged-intd Poditibensbeingt he
configuration that a gear is forned directly on the outer circunference of

L1 PGS e Bt SO0, 8 e RO s Bt ace

circunference of the driving ro her eby r ng prism
Igr

plate on fne.bast S Yot A Belng BHSs A o Pthd "Wafh' Y1 L8s10L! E611LE" 97

or, as described above in Embodiments 6-2 and 6-4, the driving
roller 71 is.preferably arranged in a position being opposite to
the center axis of the pressure rollers 79 and 80. This driving
roller 71 may be, however, arranged in a position slightly distant
from the aforementioned position as long as positions balanced to
bear the pressing forces of the pﬁessure rollers arranged opposite
to the driven rollers are set by selecting the positional relation
between the driving roller 71 and the driven rollers 78a and 78b
which are arranged so as to be symmetfic with respecf to the
drivihg roller 71.

Although each of Embodiments 6-1 to 6-4 has shown the
configuration that a geaf is formed directly on the outer
circumference of the lighting prism plate so as to engage with a
gear formed on the outer circumference of the driving roller to
thereby rotate the lighting prism plate on the basis of rotational

torque given by the driving roller, this configuration may be
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changed as follows. That is, as shown in Fig. 31, a rotary ring 90 may be
provided in a concentrical position with respect to alighting prismplate
(not shown) so as to be unitedly connected to the lighting prismplate. The
rotary ring 90 is provided with a gear 90G fornmed on the outer

ci rcunf ecnaagedfl ash&oldbwisy ring 90. There are provided: a driving roller
71 provided with a gear 71G engaging with the gear 90G a worm 92 which

engages with r mewheel rQyi cqRcent rd i §Q§pt .
driving roll e?h%; Ia:]gr'ld‘az% r?‘gl'}gg gé 3‘(;197 \(?irir{g%r (ﬁogﬁé%aﬁl@%rdcog t t%ée%\%%%%d
(whi ch corresponds to.the notar .72 of, Fig. 27). Further, .dr.iven rollers 78a
tnd 78b. APe 5o PRRRBRETA o0, Roshtaoh Fas,FesRels (t o Tigntind pridn Plafe
supported to fixing portions (not shown) through supporters 94a and 94b and
rotary rif ﬁ&tsﬁbﬁp’ég Fraés tosRea i idsglyTigennegtied fpdhe Jd ahbing: prism
configured so that the lighting prismplate is supported through the rotary-
ri ng 90. platiedentThel yptargoupngr 90ndis prosmidedawish @ @dated (& tfvaared hon
notor 93 and the worm 92 as occasi on demands. Although the aforenentioned

embodi N"eghehaateR0Wh rdulneddfck’ ¥ TheSirdtaFRARa Yy dJohe e d M igdb Wik S:
are formed both on the lighting prismplate and on the driving roll'er so as

" opt aceq ey i Bl ReTaAE 7k BeuroRl WS, WeRE T BRI ith, Wi qrer

transm ssion neans of the_t%pe simlar to filmfrane feeder 71,
90G; a worm 92 which engages with a worm wheel 91 provided

concentrically with respect to the driving roiler 71; and a motor
93 forgiving rotational force to the worm 92 (which cofresponds to
the motor 72 of Fig. 27). Further, driven rollers 78a and 78b are
arranged in opﬁosite sides of the driving roller 71 so as to be
supported to fixing portions (not shown) through supporters 94a and
94b.and rotary'ring stopper plates 95a and 95b. Thus, this
apparatus may be-conf;gured so that the lighting prism plate is
supportea throuéh the rotary ring 90. Incidentally, a coupler (not
shown) may be provided between the motor 93 and the worm 92 as
occasion demands.

Although the aforementioned embodiment has shown a torque
transmission means of the'type in which gears are formed both on
the lighting prism plate and on the driving roller so as to engage
with each other, this type torque transmission means may be
replaced by a torqué transmission means of the belt-drive type or a

torque transmission means of the type similar to film frame feeder
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in which a plurality of projections are provided at regular intervals on
the outer circunference of one device whereas a plurality of holes are
provided at regular intervals in the other device so as to be fitted to the
plurality of projections to thereby transmt the driving force of the one

devi ce. The wafieheEH1RRAd TRAdigERMe AaDN AN Lo ARG WEr fediiat | gNti Ng

prismplate is arranged and hel d "hor’i zontally so as to be rotatable. In

accordance wi th.the setting.conditions. of the solar |jghti aratus in a
bui | i ng TS SRR O Sispategs G0 s ensh 12 e s yRee s d
apparatus 305 _having the lighting prismplate 320 arranged horjzontallg as
r epr esenPdY Ry iite Aol a5 F&F L PIqYE Aol ata\F i hadp | HRE VLT B ahhpf OthST 5
solar lighting apparatus 305A having a lighting prismplate 320A arranged
obl i quel yeniice ses@sctta e fd ttest Tothey plunalidingehrpigiectivns toghting
apparatus 305B having a lighting prismplate 320B arranged vertically on

t he port ithie rebya twalinsm3A2 & hrs drdrieRe Bt i thd vehe didv el dash | i ne of
Fig. 78. In these cases, the lighting prismplate 320A or 320B is required

to be hel d ronpeaRlshreiferts ch P idnfoiimdtU S vl NehPT e lwhdWENEREN
can be applied to the lighting prismplate 320A or 320B in these cases.

of o dri JaoPRnge A MYEE 3 AT AR A e f AT e LS B8

sinplification, it is to be understood that if a plurality of |ighting
pri sm pl &oéatabdeysedn @eEESIMcsuritbofbe setting conditions of the "solar

lighting apparatus in a building to which the apparatus is to be
applied, the solar lighting apparatus 305 having the lighting prism
plate 320 arranged horizontally as represented by the solid line of
Fig. 78 may be replaced, for example, by a solar lighting apparatus
305A having a lighting prism plate 320A arranged obliquely with
respect to the roof 301 of a building or by a solar lighting
apparatus 305B having a lightiﬁg prism plate 320B arranged
vertically on the portion of a wall 302a as represented by the two-
dot-and-dash line of Fig. 78. 1In these cases, the lighting prism
plate 320A or 320B is required to be held rotatably. It is a
matter of course that the present invention can be applied to the
lighting prism plate 320A or 320B in these cases.

Althéugh each of the aforementioned embodiments has shown the
configuration of a driver/holder in the case of one lighting prism
plate for the sake of simplification, it is to be understood that

if a plurality'of lighting prism plates7are used, the configuration
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shown in each of the aforenentioned enbodi nents is prepared for each of the
lighting prismplates. The solar |ighting apparatus having the |ighting
prism plate driver/holder as described above in Enbodi ment 6 has excel |l ent
effects as follows. (1) Because not only pressing force is given fromone

side of hewn dnt ieaghpiofsBhy afodunaiticnsl anloJImasts 6l ght @pasedppodt ed
by el astic neans but also at |east one pair of driven rollers are provided

on the otheh gfd‘i‘:hteolri?r@fﬂi_\fﬁ td18 4 §asjgy force so that the lighting prism

plate is rotated by a ving roller ile held in good bal ance, the
predeterm ned, ot ati,on qf, the lightin rismplate,can be made while the

F Ghti ng pri s a3, Tianiias, Hiraradts JROE e Ll B lee
the lighting prjsmplate caused by the production_thereof, the deformation
of the | FgHvieRg NOdSR A SCRIRER APt Ik ERRIGIE IR AFSR 14RE eof

due to tenperature in use, and so on. That is, because the lighting prism
pl ate i sefflegtisdlap tfeliws .pr ovi sion for the deformation, or the like, the
alignnent of the lighting prismplate and the driving roller is held stably

so that ther e Betat@ehinddy MY gt &9 Yy i Niefli ver aidom dtie tdidé i gt thg
prismplate corresponding to the novenent of the sun. (2) Because the

O Do e e Sl 0 A ol SHSRY P VLUE SSRUELA b

as inevi%igg¥i%r%%%%% %£7%lso at least one pair of driven rollers are
provided on the other side to receive the pressing force so that
the lighting.prism plate is rotated by a driving roller while held
in good balance, the prédetermined rotation of the lighting prism
plate can be made while the lighting prism plate is held smoothly
correspondingly to the.distortion of the iighting prism plate
caused by the production thereof, the deformation of the lighting
prism plate caused by the expansion or cantraction thereof due to
temperature in use, and so on.

That is, because the lighting prism plate is held idly to make
provision for the deformation, or-the like, the alignment of the
lighting prism plate and the driving roller is held stably so that
there is no hindrance to the predetermined rotation 6f tﬁe lighting
prism plate corresponding fo the movement of the sun.

(2) Because the configuration is such that no'rotary shaft is

provided in the center of the lighting prism plate, no shadow of

the rotary shaft and its bearing portion as inevitably created on
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the lighting prismplate in the case of the configuration that the Iighting
prismplate is held/driven by a rotary shaft can be generated so that there
is no influence on the lighting prismplate for lighting. (3) Because the
degree of freedomin the arrangenent of rollers can be increased by

i ncreasi ngné hei ghtebey ﬁfiﬁﬁeﬁiate LAl tBeScabBeoresReCtbuE igalb@isnC @hakte the
arranged so that the shadow I's reduced as extrenely as possible in the case
where thel ' ' €; LSn.a L i p,0,a o] | gent 7
Embodi mont | PEHG TRPLE bEARE T L nBTAPHEL Gin By 0ate My Tahack AN TR, Lic
hol der for indirectl ol di a lightin ismplate in a.solar lightin
apparatusgﬁﬁ?¥a5%8d§écpbﬁ dggﬁfﬁmfgpﬁeingiFF90§A?H Fb?eﬁéﬁgéng E&dép %%ate
through 35. Fig. 32 is a plan view of a lighting prismplate holder in a
sol ar |igh®FnhlgbbiRatus. Fig. 33 is a front viewof Fig. 32. Fig. 34Ais
an enlarged front view.of the end portion of Fig. 33. Fig. 34Bis an

enl arged (3 bntBecausef thbedpgréecof XExXeeBomnf ihi ghe3drrAagehemwt bif Eojder3?
through 34B, the lighting prismplate holder includes: a pair of circular

l'ighting ®ahshePiRéLeadfd byOineXagBiRg €RBShuBEEdoRY prl8saker edrNlkiraNedne
lighting prismplate; a netal rotary ring 103 which is di sposed

concent 1 CaLLYC 50y @Sr591 8PE" QURULE" ak £Rbe8Eo0knbRE chbIBhbBGWP LS FeBlREd® as

extremely as possible in the case where the lighting prism plate is
assembled into a skylight.

.Embodiment 7

Embodiment 7 of the present invention which concerns a
lighting prism plate holder for indirectly holding-a lighting prism
plate in a solar lighting apparétus-will be described below

- specifically with referénce to Figs. 32 through 35.

Fig. 32 is a plan view of a lighting prism plate holder in a
solar lighting apparatus. Fig. 33 is a front view of Fig. 32.
Fig. 34A is an enlarged front view.of the end'portion of Fig. 33.
Fig. 34B is an enlarged front view of the portion XXXIVB of Fig.
33.

As shown in Figs. 32 through 34B, the lighting prism plate
holder includes: a pair of circular lighting prism plates 101, for
example, constituted by the aforementioned lighting prism plate; a
metal rotary ring 103 which is disposed concentrically so as to

- surround at least one of the lighting prism plates 101 and which is
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provided with a gear formed on the outer circunference thereof; a plurality
of holding plates 104a to 104d which have end portions inserted into the

i nner circunference portion of the netal rotary ring 103 and which are
arranged so as to intersect each other in order to hold the lighting prism
pl at e 10promigkdr alithy aogesrofpageds iont ithgs o2y tod ro@dd erendecdharddfs a
positions of intersection between the holding plates 104c to 104d and the

outer edgeupanlgnogf hbhalhgg tllar&@spnm@ RLAG®4E0Lnae MM B PbRAIAHLNS
whi ch are forned so that the i ghting prismplate 101 can be Iocked whi | e

s o SRUBHCEA, 96 NSHIN bheR BARATH AR RELIIO U SRR, (AU

i nserti ng respective en Ions O ates’1

th t al t | dental ly, the | ht t t
i ver mignBelbd pPBOwEAhs 2o e LRl o0 pe i iikaRe ol e A b

of Enbodinment 6. Fig. 35 is a vertlcally sectlonal front view of the solar
Iightingoaﬁﬁarépubogéc@helAggbﬁlnﬁePEﬂé@e@ﬂaﬁﬁvé@ﬂuo@ Fosmliityriof skoppage
Fig. 35, the reference nuneral 116 designates a transparent cover; 117, a

| i ght di §itklhngsohOphate; 102d mb&ntédduaimh@gpbmamﬂomsmdﬁﬂﬂﬁuddsecﬂﬂun
reference nunerals 10la and 101b designate lighting prismplates each of

whi ch coaee&eead&wnbhalhbga&b%sp&m@ RbA1 © 4le PO e We ARIIHRA O tikh
ref erence nuneral . I'n the aforenentioned conflguratlon t he dppar at us

aCCOVd'”gftQhEhileﬁ%sﬁg prTLEb13ReORBIALEY BAvifly B%a fRrtions which are

formed so that the lighting prism plate 101 can be locked while it
is allowed to be thermally expanded; and insertion fittings 105 for
idly inserting respective end portions of the holding plates 104a
to 1044 into the metal rotary riné 103.

Incidentally, the lighting prism plate rotation driver may be
configured as shown in Fig. 31 which shows a modified example of
Embodiment 6.

Fig. 35 is a vertically sectional front view of the solar
lighting apparatus according to the present invention shown in Fig.
32. 1In Fig. 35, the reference numeral 116 designates a transparent
cover; 117, a light distribution plate; and 118, a draining fréme.

Incidentally, the reference numerals 10la and 10lb designate
lighting prism plates each of which corresponds to the lighting
prism plate heretofore designated by the reference numeral 101.

In the aforementioned configuration, the apparatus according

to the present invention operates as follows.
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(1) Apparatus of Enbodinent 7-1 (see Figs. 32 and 33) (1) Because the

plurality of holding plates 104a to 104d are connected so as to intersect
each other in order to hold the lighting prismplate 101 with respect to
the rotary ring 103, the connection of the holding plates is stable. (2)

The reagon Wppdreedd B PRkSd imeh i N Pl M ESF2G€. USRdahd 8Bat influence on
i ghting can be avoi ded. The material for the holding plates is preferably

sel ect ed fro(n_ﬂ )t rﬁe&(@éjeo é“e ‘y‘%]a.ﬂs]plf E%‘Lt ykgﬁjé@]p?gt laéég il'ﬁugar 359.@4/&1}’3%@6

hol di ng pl ates’ ot tesih are use Ing prismplate is nmade

of resin and, therefor, the coefficient  of therpal expansio he: hol di ng
pl at es CUANARESHRP AfitC (1 EeReSeckifach enther ’t'ﬁe?ﬁé e 8aﬁ8£§ntt5’fe t he

lighting prismplate in order to reduce influence of stress on the |ighting
pri sm plightin®)prigmrptate ck0Enwnbih neespgch tacthei gotany) r Bagadds3 ¢ Hdie
Is a difference in expansion or contraction due to thermal expansion

bet weercdriedEict oOt ey HoIdiddprates his hotabbg. pl at es 104a to 104d, the
hol di ng plates 104a to 104d are idly inserted into the netal rotary ring

103. through e dseFdd on fal | 198 dPfnSPat bRt hoeadh§f sLgees dve tusddeis

thermal change is absorbed. I'ncidentally, the insertion fittings 105 are

e ShAE JEL LN LR A% Y G50 BhedCT e hekiEal or (SHe
holding plates is preferably selected from the grdup of ac:Yl and
pblycarbonate.

(3) The reason why the holding plates of resin are used is

- that the lighting prism plate is made of resin and, therefor, the
coefficient of thermal ekpansion of the holding plateé can be made
equal to the coefficient of thermal expansion of the lightiIng prism
‘'plate in order to reduce influence of stress on the lighting prism
plate.

(2) Apparatus of Embodiment 7-2 (see Fig; 34A)

Because there is a difference ih expansion or contraction due
to thermal expansion between the metal rotary ring 103 and the
holding plates 104a to 104d, the holding plates 104a'to 1044 are
idly inserted intd the metal rotary ring 103 through the insertion
fittings 105 so that the differenée due to the thermal change is
absorbed. Incidentally, the insertion fittings 105 are fixed to
the metal rotary ring 103 by means of screws, or the like.

(3) Apparatus of Embodiment 7-3 (see Fig. 34B)
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The lighting prish1p|ate 101 is held by the holding plates 104a to 104d and
inserted into gaps of the stoppage fittings 102a to 102d so that
appropriate gaps are provi ded between the end surface of the lighting prism
plate 101 and the stoppage fittings 102a to 102d to thereby absorb the

di fference betppren jighe i riGnep1atd oeriiheedsi e ndwed st ?m@s
fittings 102a to 10§d a?ge I xed Fé t he hol di ng pla?gg 104c¢ and fg d by

appar at U 08P e 10R AR Ingh EROL AP gelbe” U U cifidlle 4 LR Jo2e

views of th ylight type sol ar, |ighting apparatus t he appar at us, shown
(hF oo, to0 1038 7 thas MERIOG AHS SRS Atss PP bPete D RIS I o
pursue the sun by using a total of four times of refraction so that direct
rays of suH&fege of 1the tld atdngepriicm pdiatectlildn arshsthatssoprAgS Fikbings
to this control, each of the lighting prismplates P1 and P2 is controlled
to be roflgRad tat 1@2dopid raharsabyeG@baord thid Aiffdr gllanddyweerlrthe ng
mechani sm not shown correspondingly to the change of the height and azi nmuth

of the suBerflichiedts ¥F AMrial 2xatBlddy ahd 'dPURFE M hgd IFiRa to
portions are forned on the | ower face portion of each of the lighting prism

plates Plo%d aIJ::)% %cixtelaattot Q:%ep Ih'Z')rl iintgy pcifatteré ‘TM%' %rnd7 71()4(3 by means of

SCrews.

Embodiment 8

Embodiment 8 concerns a solar lighting apparatus of the
skylight type.

First, Figs. 36 and 37 show theoretical views of the skylight
type solar lighting apparatus.

In the apparatus shown in Figs. 36.and 37, two lighting prism
plates Pl and P2 are controlled to pufsue the sun by using a total
of four times of refraction éo that direct rays of the sun is led
to the vertical direction constantly. With respect to this
control, each of the lighting prism plates Pl and P2 is controlled
to be rotated at an optimum speed on a horizontal plane by a '
driving mechanism not shown cofrespondingly to the change of the
height and azimuth of the sun.

In Figs. 36 and 37, a plurality of triangular micro prism
portions are formed'oﬁ the lower face portion of each of the

lighting prism plates Pl and P2 so that the plurality of triangular
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mcro prismportions have functions of controlling light refraction. Fig.
36 shows a | ow hei ght of the sun whereas Fig. 37 shows a high height of the
sun. In the case of the |owest height of the sun, it is necessary to
refract light rays greatly, so that the two lighting prismplates P1 and P2

ar e used ik rR0Priilstn portalch Pinavd RiiTIdLloff it LingsLiglit sm pits”)
between mcro prismportions thereof are arranged in the sane direction. In

thi's 0CCasiednorilh Pl ff 3d Wod s ISAINTGHEDE IR Ul nd ¥0ad 181G | 197

prism pl ates PIL and n be changed grea ecause refracting power 1s
added up t he respecti.ve lightin rismplgtes Pl and. P2. 11 has, heen
Cont | 1 medAOHS, Re FAg QAR e Sror A - ol SRR CATROS e TRt T brigtont
direct rays of the sun can be controlled in a sol ar hei ght range of from
10[err] ©F &hepPungt dif dF MRCATRAE Y Tt iIKRFAF T ol I gty Predhipt atestimt
and P2 correspondingly to the height and azinmuth of the sun. Fig. 38A shows
an exper itlenttaio ddghdrisyg drdrsnc ifates R tamed tRik@ne ofsdd gisn (B8s bnibRy . where
Fig. 38A, the reference synbols Pl and P2 designate first and second

|'i ght i Ng pftlsS Mhidlrdtigs £ teds RRAd MRIY ;tdas? DS Ptk P Berwd NGRSk ®Npk Ném
outgoing side; and T, a transparent cover. As for the lighting prismplates

P1 and P2, of, ti ri Lat iﬁp ri 14 S, betwee | SnB
P1 and Pgbfrgggg%[sheth%%rﬁq%ﬁ Cgﬁ:?eagu orﬁislr?gltyh 0 eg ) a&lpo}s'lti%\ﬁ &Pé

prelimnarily stored 78 = - ] )
occasion, the path of light rays transmitted through the two

lighting prism plates Pl and P2 can be chénged greatly because
refracting power is added up by the respective lighting prism
plates Pl and P2. |

It has been confirmed in.the following expetimental equipment
that the direction of direct rays of the sun can be controlled in a
solar height range of from 10° to 84 by rotating the thus
configured two lighting prism plates P1 and P2 correspondingly to
the height and azimuth of the sun. |

Fig. 38A showé an experimental equipment for confirming the
theory of Figs. 36 and 37. 'In.Fig. 38A, the reference symbols P1
and P2 designate first and second lighting prismlplates,
respectively; K, a dispersion plate.afranged on the outgoing side;
and T, a transéarent cover.

As for the lighting prism plates Pl and P2, data of optimum
prism angles at which prism bits between prisms'Pl and P2 face the

sunlight correspondingly to the solar position preliminarily stored
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in a CPU not shown are taken out correspondingly to the kal ei doscopic
change of the height and azinmuth of the sun, and a notor not shown is
driven on the basis of the data to control the quantity of rotation of each
prismPl and P2 so that the sunlight is controlled so as to always give

| i ghti ngidi aecPUynuBdehv®hdaréheatteapeni edbrizeapond irsglysetb f elie di sper si ng
rainbow light to white |ight because outgoing light fromthe lighting prism

plates P gfggdggcggﬁfﬁgﬁgﬁﬁbrﬁg?QBerﬁE@BQW GREOES i e of | K | ign F3n&ea

set free rom sp Ighting to wde-range uniformlighting
correspondi ngl o_the ki,nd.of the digpersion plate. For ex le . in th
case of gﬁg?giéﬂ% Fﬁaﬁpiﬁé,dglﬁﬁPtQR 3%?p§?§ﬁgn° Igi € Fakay ec%%tr?%mﬁpe
pl ate made by M tsubishi Rayon Co., Ltd. is preferably used. For exang[e
in the caYansityi oferotesiPadrAt rarh Rrisy Rl RpSWRZ SP\kat the Faplight
M t subi shi Rayon co., Ltd., or the like, is preferably used. In the

confi gur asi conttokilgd 88Aasr ésubilways wiaeuddgbritngndbirediely chhdewrwgrd.
conditions (1) to (4) in the case where a 600[err]- lighting prismplate (of

PC) is usrd ais?éﬁbiaﬁ phatkl ghisnaspd $orphasperBl mydrdPnissd 1hehe €ofine
mat PPMA plate (made by Mtsubishi Rayon Co., Ltd.) is used as the

(2) "7 ot P A EolChEcARss BT dond 1AGKE, roh She o of had gt S5 prates®

[1lum nopeter 79 :
g? and P2 has a spectrum of rainbow colors.

Here, lighting can be set freely from spotlight'lighting to
wide-range uniform lighting correspondingly to the kind of the
dispersion plate. For example, in the case of séotlight lighting,
a matted dispersion plate ér a fine mat PMMA plate made by
‘Mitsubishi Rayon Co., Ltd. is preferably used. For example, in the
‘case of dispersive radiation, a 422 milky-white PMMA plate made by
Mitsubishi Rayon co., Ltd., or the like, is preferably used.

In the_configuration'of Fig. 38A, results of measurement under
the following conditions (1) to (4) in the case where a 600¢
lighting prism plate (of PC) is used as each of the lighting prism
plates Pl and P2 and where a fine mat PPMA plate (made by
Mitsubishi Rayon Co., Ltd.) is used as the dispersion plate K are
as shown in a table of Fig. 38B.

(L) Weatheré fine

(2) Time: about noon

(3) Measurement of Illumination: Minolta Illuminometer
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(4) Direct Sunlight: about 90,000 [Ix] (normal line face) Accordingly,
the following analysis is nade fromthe table of Fig. 38B. It is apparent
from conpari son between the neasurenent conditions (1) and (2) in the table
t hat higher intensity of illum nation than ten tinmes as nuch as that in the
case of a convdnt iDdx&ctsiSunlgighthravi rapout 1900 d Jx] simpineie I nebfacekd
in the case of a skylight according to the present invention by controlling

the sunlight 2@R%didAyERhd A ldwH] HhAiyHcd | s RS Verdin ¢he | €able of
further apparent from'conpari son between the 'nmeasurenent conditions (2) and
(3), or %q otg%% wor ds, from conpari son between the case of a conventional
skyl i ght h§Ving no lighting prismplate and the case of a skylight (no

di rect sunlight) ,according to the present invention, in the table that the
skyl i ght typeifolt& EHHP@mg’r’Fg trom LAY NSig7e S e preastiensRenti on
can secure intensity of illum nation as high as that of the conventi onal
skyl i ght condi tiiepnshd 10asadof( 200 it rdvt tabile dihate duisghe i ntensit vweef her .
Because each of the lighting prismplates is made of transparent PC resin,

ul travi olidtt umdyia tianfuban adnme inemadadictaras ahatofiin the tdese dhea
airconditioning load in the summer is little because the PCresin transmts

near i nf £3hentdbhal s AIHY haviiiiRs 1Rt A 71 3L A0 s Db £1dd in

the case of a skylight according to the present invention by
controlling the sunlight so as to always give lighting directly
underward.

It is further apparent from comparison between the measurement
conditions (2) and (3), or in other words, from comparison between
the case of a conventional ékylight having no lighting prism plate

" and the case of a skylight (no diréct sunlight) according to the
present invention, in the table that the skylight type solar
lighting apparatus according to the presént invéntion can secure
intensity of illumination as high as that of the conventional
skylight even in the case of no direct sunlight caused by cloudy
weéther.

Because each oﬁ the lighting prism plates is made of
transparent PC resin, ultraviolet rays harmful to the human body
.are cut off. Further, the'airconditioning load in the summer is
little because the PC fesin transmits near infrared rays but cuté

off infrared rays larger than about 2 ([um].
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Next, a theory and an exanple of configuration in the case where a speci al
material is used for the light distribution plate in order to inprove |ight
distribution characteristic in the present invention will be described

bel ow. As a flrst experinmental equi pnent for inprovement in |ight

di stri buti onNEKAr a8t EPPOrYC andhane examplene fagontigiratiionytincithe case

I nstant aneous |ighting glass (tradenane: UMJ, hereinafter referred to as
"first whghe di specheli matprand")isld8edaderbyhii figh tSkidett r@ibarsdsm plddd.
is used as a material which is such that the solar lighting characteristic

obt ai nefinf begetheoskmbohe typat! BaBLrABURBRBA! dhdtactetharded Ry pe | ght
distribution plate as shown in Fig. 39. This first light distribution plate

120 is %pégggtbynpghghag %;h%qﬁhdd8E¥§EBEd5Bﬁﬁbwbet“ee“ two sheets of float
pl ate glass and controls t transm Ssion characteristic of gl ass by ,

[ whi ch d t al I ented_in
b edot e mi neABaPr bLEPENSEEREsBERLALS B PrRBt, SoFaqBRTPTeRRAE deeAdbt, |

has been, confirned exRerlnentaIIy that the first light distribution plate

120 becdhBELHB 'éﬁb‘é"a? dbpEhegEiIBtLGY sharpeésnebownanspaxemplat inomhdgd 100

[VI. In this occasion, intensity of illumnation is neasured in the

ar r angehpstanshangous FightsﬁgmgibsasetoédenametiﬁMUbahekeghhfteurQ@f@k@@d

[W hal ogen pin spotlight: Uchida SR-J1) 124 as a substitute for the

sunlighto ascttenssl 1yghth@isetepaoesnngiaear)12208hade by Nippon Sheet
Glass Co., Ltd. is used as a material which is such that the solar
lighting characteristic obtained from the skylight type lighting
apparatus is changed by one light distribution plate as shown in
Fig. 39.

This first light distribution_plate 120 is formed by putting a
liquid crystal sheet between two sheets of float plate glass and
controls light transmission characteristic of glaés by using the
property in which liquid crystal molecules are oriented in a
predetermined direction by application of AC voltage. In this
occasion, it has been confirmed experimentally that the first light
distribution plate 120 becomes opaque at voltage 0 [V] and becomes
transpareht at voltage 100 [V].

In this occasion, intensity of illumination is measured in the
arrangement shown in Fig. 39 with use of an artificial light source

(100 [W] halogen pin spotlight: Uchida SR~-J1) 124 as a substitute

for the sunlight. Incidentally, the reference numeral 125
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designates a neasurenent face which is arranged at a distance of 70 [cm
fromthe first light distribution plate 120. Further, the reference synbol
A designates a point of nmeasurenent; and [err], an angle fromthe direction
directly under the light source. Fig. 40 shows the change of |ight

di st ri buestighhgeac ke hedlsu® edehte FReed whd cho ilsharteingrde aapRl id& tahddf 70
first light distribution plate 120 i,n the case where an experinent is nmade

by the fiERy eXBa itﬂentfa'rs%q&iigmnh-islt&tiﬁmaoﬁgp e 9% NatwR, RHRIES e @

value (relative 1'llum nation ratio) obtaine viding intensity of

illumnatian at each syrenent point by .intensity of illum nati j ust
under théegﬁéﬁpcgoﬁng%?nxtﬁgséggg o Pe POHR Y | sfa%Q§ﬁﬁ?qﬁ 'r@ﬁﬁfﬂbh ate
120 is supplied with a voltage of 100 [V] and is transparent. The absci ssa
expr essedngheafgrp fthenddgectirac Giigecdlye snder, e Lighy sgrcsour Fd g0 40
t he measurenment point, which angle corresponds to [err] in Fig. 39. In Fig.
40, the ehpwe the ehpngesses flhghthdigdrdbultiignt cihiastaatiertiisdn o ltarastsgporst iing
in the case where the first light distribution plate 120 is supplied with

an appl i ed vabkt apetabel@ppPidil 20l thet 8 rat Yeghth3i st®)i bid ond)p 1Y a3 in
t he change of light distribution characteristic in the case where the

| t | t ' ' ' L ' [ &, ' o 30
(V1. %0 FOF 85elfpby® bl Shperdien® B il B Brd Foket odigugaidsc, [0
t he quang&%xpggnkight and light distribution characteristic

In Fig. 40, the ordinate expresseé a value (relative
illumination ratio) obtained by dividing intensity of illumination
at each measurement point by intenéity of illuminafion just under
the light source in the case where the first light distribution
plate 120 is supplied with a voltage of 100 [V] and is transparent.

The abscissa expresses an angle from the direction directly._
under the light source to the measurement point, which angle
corresponds to 8 in Fig. 39.

In Fig. 40, the curve (a) expresses the change of light
distribution characteristic in the case where the first light
distribution plate 120 is supplied with an applied voltage of 100
[vl.

Similarly, the curves (b), (c) and (d) express the change of
light distribhtion characteristic in the case where the voltage
applied to the first light distribution plate 120 is changed to 30

[vl, 20 (V] and 0 [V], respectively. It is apparent from Fig. 40
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can be changed by changing the voltage applied to the first |ight
distribution plate 120 constituted by instantaneous lighting glass. A
second experinmental equipnent is configured as shown in Fig. 41. In the
second experinental equipnent, intensity of illumnation is neasured in the
condi ti othat viée Cluanteepndf! 1@§htdandrlbghtoaiptaibution ekawpkeeristic
tradenane 12M made by Asahi Chemical Industry Co., Ltd.) 123 is further

arrangedsiiShe a@ﬁé{ﬁg&@eb{/'éﬁén{;iﬂgt tﬂésxf&wugéoapgi%e £80¢he @argca &%ght

adj acent thereto e nuner al each of and 39 refer

Wina puteEr AERe foncpFatg 00 ?8%#9%8%5““ﬁ%ghﬁéﬁséaéﬁiéﬁ .

results in the second experinental equipnent. In Fi t he curve & )
expr esses Iig%ts%¢%?¢i%ﬁ??%ﬁmﬁﬂﬁ?bc?ﬁFigﬁ?BtihstﬁengégérﬁﬁePé ghPy g8 Fig.
second light distribution plate 123 is arranged w thout arrangenent of the
first light distthéusecondl expetPPentalt bgsipment,t hokensityi ©én specific

| i ght distribution characteristic which is such that the portion just under

the |ighilbemisetisnmbdemdaskredhencth¥ecbhdiexenesnswhiight adsetbnaulliight
characteristic in the case where the first light distribution plate 120

o ArOeial e Bageen DpoECORse | bt CERMEN RGP} 2hepddd Ly BB o0
of oA LTRSSl | 2o vt o8l ropl PRt phLeLLY ccompared. ihehs Saoc ol tye
| oss first light distribution plate 120 so as to be adjacent thereto.
Like numerals in each of Figs. 41 and 39 refer like parts.
For example,; the second ligﬁt distribution plate 123 is provided
with a patterned plastic plate formed thereon.
Fig. 42 shows experimentél results in the second experimental
'equipment. In Fig. 42, the curve (e) expresses light distribution
characteristic in the case where only the second light distribution
plate 123 is arranged without arrangement of the first light
distribution plafe 120. In this case, there is given specific
light distribution characteristic which is such that ﬁhe portion
just under the light source is made dark. The curve (f) exereses
light distribution characteristic in the case where the first light
distribution plate 120 arranged just under the seéond light
distribution plate 123 is supplied with a Qoltage of 100 [V] and is

made tranSparent. In this case, intensity of illumination is

lowered almost parallelly compared with the case of provision of

83



caused by transm ssion of light through the first light distribution plate
120. Further, in the case of the curve (f), the light distribution
characteristic of the second light distribution plate 123 in which the
portion just under the light source becones dark is shown directly. Next,

when the dtggﬁ agfe awddd 1oghbeafisesibht Db Fistei D3| opephase 3201b8s
changed to [V], the light distribution characteristic is changed as shown

. th | . . Y . t . . b . . . t- f

the secont eshio; STt FER SFELIGRE eALoAAR PAEPRLFSEPERRE S S Chown
th dij. Qf th di ight distribpti h terpstic that th

por | on JARTEE AR T P12 68 120y ” CRuf EReF 1 oh oBRecFaseral FRE FBFPRORE)r. the

farther therefrom becones darker. Because the specific characteristic of

t he secodddhgitistisibypien wharagendstic ebnthel seaond Lhehtidiptrigytion
di stribution plate 120 in the manner as descri bed above, it is to be

under st ogd atteatl 13 gt iwlgi clantive pontioh | past nuadeangke sliigbtindedrbg bheomes
oblique line in Fig. 42 in the case of a conbinati.on of the first and
second | igd¥k disstdHdet iPirddetws 120 and 123. Next, Enbodinents 8-1 to 8-3
to which the theory of the skylight type |ighting apparatus of the present

0VerL! 0 SOUES i ol HIECHY S SIEFIATES! She SHEPBLER bR AR oo
and 84 pfg%e 120 is changed to 0 ([V], the light distribution
characteristic is changed as shown in the curve (g). In this case,
the light distribution characteristic of the second light
distribution plate 123 disappeafs, that is, there is shown the
condition of the ordinary light distribution characteristic that
the portion just under the light source is brightest and that the
portion farther ﬁherefrom becomes darker.

Because the specific characteristic of the second light
distribution plate 123 is controlled by the first light
‘distribution plate 120 in the manner as described above, it is to
be understood that lighting can be controlled in a range surrounded
by the oblique line in Fig. 42 in the case of a combination of the
first and second light distribution plates 120 and 123.

Next, Embodiments 8-1 to 8-3 to which the theory of the
skylight type lighting apparatus of the present invention, obtained

in the respective experimental examples in Figs. 38A, 39 and 41 is

applied will be described below with reference to Figs. 43, 44 and
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(Enmbodi nent 8-1) Fig. 43 shows Enbodi ment 8-1 of the present invention. In
Fig. 43, the reference nuneral 131 designates a skylight frane;, 132, a
transparent cover; 133a, a first lighting prismplate; and 133b, a second
lighting prismplate. The lighting prismplates 133a and 133b are arranged
within th&Stransparent cover 132. Incidentally, though not shown, assune
that a plurality of triangular mcro, prismportions as shown in Figs. 36
and 37 ar eehbo@edent 8hE)|l ower face portion of each of the lighting prism
pl ates 133a and 133b. The reference nunerals 134a, 134b, 134c and 134d

designate shaff; .aahpgﬁo&erEabbéémllextsunmoaei Ree! Beekietill iRYRLiIDN.P! &S

133a and 133b. The reference nunerals 135al and 135bl designate notors for

13501 and 195t ar P ERERERRCE' FRntPER 2an, OfRponaRRlcs, pkiplank B ARG,

and 135b1_are transmtted through gears 135a2 and_135b2 to gear portions

(not “showh}2f oRnEBHABAPRRENEUERVCEF r ddAPer BnEdrst dAghLigE: PRSPy Piatsiaced

133a and 133b, respectively. The reference nunmeral 136 designates a power

suppl y; 1BF3bt oal8&condohilgbting priem £38tea dFheeiightdogt prdsmdplaites

the notor 135al and 135bl; and 139, a CPU. Data of rotational speed of the

85  ligh83a0anal £388! akeSatdadngaddwidBbnORheNtzadspareatpendierginat.o
Incidentally, though not shown, assume that a piurality of
triangular micro prism portions as shown in Eigs} 36 and 37 are
formed in the lower face portion of each of the lighting priém
plates 133a and 133b.

The.reference numerals l134a, 134b, l34c and 1344 designate
shaft bearings for slidably supporting the lighting prism plates
133a and 133b.

The reference numerals 135al and 135bl designate motors fof
rotating the lighting prism plates 133a and 133b, respectively.
The motors 135al and 135bl are designed so that the driving forces
of the motors 135al and 135bl are transmitted through gears 135a2
and 135b2 to gear portions (not shown) formed on the outer |
circumference of the lighting.prism plates 133a and 133b,
respectively.

The reference numeral 136 designates a power suéply; 137a to -

137¢, conductive wire; 138, a driver circuit for driving the motor

135al and 135bl; and 139, a CPU. Data'of rotational speed of the
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the orbit such as height, azinuth, etc. of the sun are given to the notors
135a1 and 135bl through the driving circuit 138 by the CPU 139. The
ref erence nuneral 146 designates a dispersion plate arranged in the
outgoi ng portion. In the above configuration, the sunlight can give

l'ighting LngReinBepRisn giﬁ'&e%f 18Ra Linahtiidns PHtimigled eHrkddpondd nfi3p e
rotated at a proper speed on the basis of a signal fromthe CPU 139 while

f ol | owi ng,the_ heigh d_di £eGgtiqn af - sune E i e EiiQrard
shows Errbghlgrrggﬁ Eg- %U%B & %ei‘%rqé?gﬁt g%r%ygﬁ: i'o%ftcrnwlfi)g.h @31?“ nggﬁ:)set ig{[lgtteino;kﬁ the
parts correspondi o tho ' odi ment 8-1.shown i.n Fi.q. re
referenceﬁoigfﬁeéggﬁéiﬁ@gyis?hg ESEQPQggéhﬁuﬂéPXH“P4616€§ﬂ3n&é§%%g“ﬁﬂﬁmpru
i ght distribution plate arranged in the outgoin%lside as a substitute for
the di spetdPen PBhat sefesengecnppgiradntd 46- desigaatieghe dispersicnoPliata e

140 is formed, for exanple, of.instantaneous |lighting glass (tradenane:

UMJ) as daseanhed dhothe dhtgodher poreionneral 141 designates a vol tage
regul ator; and 142a and 142b, conductive wire for connecting the first

l'i ght distribughoRnpl abdvi4@ontd guR@tioh!agne’ eanlaighic thh A viehd iRMEIng
supply 136, respectively. Here, the voltage applied to the first

accor i nglJaoRFebEeRSs) BLRORETRR, DighiInCLhIsh KIRCE Aagpting Lase 1

change of the pgsition (height, azinuth) of the sun ar i ven
g rotatgd at a p&ope% speed on the basis of a éié%al from the CPU 139

while following the height and direction of the sun.
(Embodiment 8-2)

- Fig. 44 shows Embodiment 8-2 of the presenf invention. In
Fig. 44, constitutional parts corresponding to those in Embodiment
8-1 shown in Fig. 43 are referenced correspondingly.

The reference numeral 140 designates a first light
distribution plate arranged in the outgoing side as a substitute |
for the dispersion plate 146 in Embodiment 8-1. The light
distribution plate 140 is formed, for example, of instantaneous
lighting glass (tradename: UMU) as described above. The reference
numeral 141 designates a voltage regulator; and l42a and 142b,
conductive wire;for connecting the first light disﬁribution élate
140 and the voltage regulator 141 to the power supply 136,
rgspectively. Here, the voltage applied to the first distribution
plate 140 is regulated by the voltage regulator 141.

Accordingly, also in this embodiment, data corresponding to
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to the nmotors 135al and 135b1l through the driving circuit 138 by the CPU
139 in the sanme manner as in Enbodinent 8-1, so that the prismangles of
the lighting prismplates 133a and 133b are controlled to be optim zed

t hrough the gears 135a2 and 135b2 to thereby nmake the sunlight taken indoor
ef fecti véhe changs ofetiimlipasittiarhe Heightt J iaghimutilst rohthorsy aare 1g9iven
arranged in the outgoing side of the |ighting apparatus. Because the first

li ght di sl ithiel iyt dtls2 I8 k0 drfd deinathiudiaind ightv i$tdidsiionis by
characteristic can be changed as shown in Flg 40 when the vol tage applled

to the figa! di’éftr%?r?tb%l O&‘nar ftf ejm‘éqldft agd rftﬁﬁﬂ:éﬁ’ idife VLT 296, T

141, this enbo rnze expreSS|on of foomTig tlng

can be changed. nbodi 3), .Fi 45, sho f the

o osent RIS AO0185 G4 ey st dnyietl iy ThHLARET & 18 cﬁoﬁ%ﬁhﬁ% those
i n Enbodi ment 8-2 shown in Fig. 44 are referenced corres ond| The
r ef er enceoniFeldied 4D dssiqptdmized dduymugh g agans | lp?a{@bhml i s

constituted, for exanple, by a patterned plastic plate and which is
ar r anged thiealebgX fngkee tHeu Surdiate tdakdn rividdomglef fbcstirvdiiyti on pl ate 140.
That is, this enbodinent is characterized in that the two, first and second

light di stribyly o iRl dnfisoaidlr)d eHE3 FIkG WD gt WO L SR b1 £ COAG T £4

means. Substantially, not only t'he” 87 sunli‘ght is taken indoor

eff|C|en%|¥a%%%%F§pOQ9fn%d%&é%&g‘%xde of the lighting apparatus. Because

~the first light distribution plate 140 is designed so that light
distribution characteristic can be changed as shown in Fig. 40 when
the véltage applied to the first dist;ibution plate 140 is
regulatéd by the voltage regulator 141, this embodiment is
characterized in that gxpression of room lighting can be changed.
(Embodiment.8—3)

Fig. 45 shows Embodiment 8-3 of the present invention. 1In
Fig. 45, constitutional parts corresponding to those in Embodiment
8-2 shown in Fig. 44 are referenced correspondingly.

The reference numeral 143 designates a second light
distribution plate which is constituted, for example, by a
patterned plastic plate and which is arranged, for example, just
above the first light distribution plate 140.

That is, this embodiment is characterized in that the two,
first and second 1ight distribution plates 140 and 143 make up an

outgoing direction control means. Substantially, not only the
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position of the sun in the same manner as in Enbodi ment 8-2 but al so room

| ight distribution characteristic is controlled so that expression of
lighting is changed by the conbination of |ight distribution
characteristics of the two |ight distribution plates. Accordingly, ‘in the
case of |suttiight ebepriegcernmdodr od £ £ icidnislye ndmrkt eepdndingly to atisei Ssi on
characteristic is changed when the voltage to be applied to the first |ight

di stributdny dilcH & Ahd Sif! fftatk Wadd Gld 208s F E9UEMbSdindde FhoiSput
there is obtained light distribution characteristic which is such that the

l'i ght distribution.chgracteristic of the second. |ight. di | | a
143 forrrea&‘s(ﬂ ré’oﬁnatjtleq'qhtecf{lpﬁ%rsjtlf%tﬁ%t%a o?c$%%l%?§£,1%p%%%¢€g%irg& 84) {:ﬁ‘_a t
di sappears. Because the skyljght type solar |ighting apparatus of

|
Enbodi mefXB¥ §383Qh 9Ty i B ekt rehngedh Rk the eraminatipn okl £9RE| | ent

effects as follows. (1) Because the lighting neans for taking light in
cor r espordistyiputd arheclposationi sficheo S urhie gtwo i sighbvd betir flowt boskplates.
so that not only conventional sky light naturally taken into the house but

al so sol ar |i giicoaaiiniflyt akian thwladse af esighg gl ¢xpoesditor hemwerol ihe
position of the sun, a large quantity of light is taken into the house

1o 8, S S O BRSO rd Gk ggonn

CO”tfo' q&kp%%l éd%‘éﬁ“ké“%é%ﬁiéd“é%téﬁé‘%?%E%“ifﬁﬁ% 5i§¥)iﬁﬁtion plate 140
is selected by the voltage regulator 141. Thus, there is obtained
light distribution characteristic which is such that the light
distribution characteristic of the second light distribution plate
143 formed of a patterned plastic plate, or the like, appears or
disappears. |

Because the skylight type solar lighting apparatus of

Embodiment 8 is configured as described above, there are obtained
excellent effects as follows.
(1) Because the lighting means for taking light in correspondingly
to the position of the sunlight is provided for a.skylight.so that
not only conventional sky light naturally taken into the house but
also solar light can be taken indoor correspondingly to the change
of the position of the sun, a large quantity of light is taken into
the house having the skylight arranged thereon compared with the
conventional case.

Further, the method used in the present invention is a light
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t he skyl
i ghting
adapt ed
wei ght,
the ligh
When t he

ight. That is, because the nethod is a sinple nethod in which each
prismplate is rotated on one plane, the present invention is

to the purposes of the present invention of reduction in size,
cost, etc. Electric power to be controlled can be reduced because

taggcpntsoilphatbodawhiehr alaat dd @puta indoy thewconivan tdalals phegpe ()
outgoing direction control neans is provided in the outgoing side

of the afcﬁ@egﬁ?aiieﬁ%d | THRl 1S, 2RRaReS the B hRP9 L SinpIEhRAndd A

out goi ng
distribu
of the |
l'i ghting
wi dened
l'i ghting
controll
out goi ng
be contr
pl ate an
distribu
be contr
Accordin

Qirec I on, there_ls obt ai ned an effect_as fo: ows. Because Iiﬁht
b EPnGREERT LEbhTshG ER1ATRIRRING RRTAC O brtd fike ! Tl chanae

apparatys accqrding tq the present invention is ysed can he
BFESERS. 1pFeRtipnsdy AgRPACstn B SRTRORES QfcNE BIARSH: aneous

_glass (tradenane: UMJ) in which light transm ssion can be
épveptiont Pl Fedychioantist Ssdgeof weilghitd @opdtraletics uddeady iithgower
direction control means, the light distribution characteristic can
bl be easittipliedorhyn dbecaelduced becausiehdhie sightigiy pobiism igleten
d the voltage regulator for applying the voltage to the first |ight
bhﬁnbE|QantéaCaEdbn9b¥? e rb@Bicidngllr igpéldaan characteristic can

ol l ed by the arrangenent of only one light distribution plate. 89
oY WHENCeRYeBLLGBThg R bl oh LOnEIBIIMAAN e d 'FFYvided in the
outgoing side of the aforementioned lighting apparatus so as to be
able to select the outgoing direction, there is obtained an effect
as follows.

Because light distribution characteristic can be changed

continuously without interchange of the light distribution plate,

- the field in which the skylight type lighting apparatus according

to the present invention is used can be widened.gfeatly.

If a first light distribution plate such as instantapéous
lighting glass (tradename: UMU) in which light transmission can be
controlled by controlling orientation of liquid crystal is used as
the outgoing direction control means, the light distribution
characteristic can be controlled easily by only a combination of
the first light-distribution plate and the voltage regulator for
applying the voltage to the first light distribution plate.
Accordingly, the light distribution characteristic can be

controlled by the arrangement of only one light distribution plate.
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distribution plate into new one in order to change the |light distribution
characteristic is not required, that is, the preparation of |ight
distribution plates different in light distribution characteristic as spare
parts is not required. Further, by conbination arrangenment which is such

t hat not only Adeoidingly} gbhedeshveRbuional phatle forwbhtérthghying the light
transm ssion can be controlled is arranged in the outgoing side but also

the secongh i af¥uflish IbPaté Ofn P ah&yi ﬁn@riﬁn&?@erf 25 eNafgketrnbusighlove
the first light distribution plate, the Iight distributionh charactéristics

of the twp. lJ i Stributl lajes are ltiplL by h,oth so t hat
expressio 1%#£¢$%€f$%gé%§%a§€egﬁ% l?itﬁe?ggFﬁ?gﬁéggdfftggge%gf gﬁﬁds'of-
light distribution plates, having specific light distribution, )

char act erPsRPLaBien REL ightodbshaibekion phates difbereBt inpghishy
patterns can be generated. Enbodi nent 9 Enbodi ment 9 of the present

i nvent i ordigfchbebherresanmcbet isticaassspansopantedisnnatsoegnikedhti ng
controller (which will be described later in and after Enbodi nent 10) wll

be described bEkoyhet | oy etembNsgtion Fagtandéeh® whichi 98. s46A thatbhoghow
Enbodi nent 9-1 of the optical axis sensor. Fig. 46A is an overal

DT SPecL Y Bl Elgye ORhe apteridgelogtplegein’ s6tn i e papéAabton
.secticnmﬂcggcgg égﬁ%%g{fﬁ%rTgi£¥¥ggégﬁ in the outgoing side but also the
second light distribution plate is arranged, for example, just
above the first light distribution plate, the light distribution
characteristics of the two 1ight distribution plates are multiplied
-by each other so that expression of lighting can be made richer.
Further, if several kinds of light distribgtion plates having
specific light distribution characteristics are_uéed in
combination, a larger number of lighting patterns can be generated.

Embodiment 9

Embodiment 9 of the present invention which éoncerns an
'optical axis sensor used in a solar lighting controller (which will
be described iater iﬁ and after Embodiment 10) will be described
below with reterence to Figs. 46A to 49.

Figs. 46A to 46C show Embodiment 9-1 of the optical axis
sensor. Fig. 46A is an.overall perspective view. Fig. 46B is a
vertical sectional front view. Fig. 46C is a horizontal sectional

view of Fig. 46B.
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part of Enbodiment 9-2 of the optical axis sensor. Fig. 48 is a vertical
sectional front view show ng inportant part of Enbodi nent 9-3 of the
optical axis sensor. Fig. 49 is a vertical sectional front view show ng

i nportant part of Enbodi nent 9-4 of the optical axis sensor. In each of
Enbodi ments Filgt 04D- ds 04 véetbcalcaécaxoﬁaseﬁsontaatewdshgwﬁngthmppteaamt
invention, there is shown an optical axis sensor in which a cylinder 151 of

a metal such g8 ﬁhb@am&‘nﬁ'sﬁdzaéfathég@%t§ééf| 88isi 8eRk@Y¥i.ded with a hole
152 forned in the bl ocked top face of e cylinder 151 as shown in Figs.

and ?QSiifﬁd%?aé?ﬁéeL%??%n$§5é?%ﬁi1§%5 “3?%£'§§%?§d2?£§5%nﬁwi¥'i@ﬂ§5r%§*t

determ ne the ptlca axi s. Enbodlnent A Enmbodi ment 9-1 shown in Figs.
46A to AT CEFRPOIBENE 9T fiaPtt HAS  SBFbREY5a*LE BSREPFFoned into a
plurality of reglons and encl osed with |ight-conductive resin 155 divided
into a pluralfig. 049 pbsta verticpbnseayignad fhenpl viawi showlingedgimpostassd
so that a line connecting the hole 152 of the optical axis sensor and the
center gfattheoPEmSAdiment SehSOf thesoptdvalledxby tbasoesin 155 and that
light is transmtted to the respective regions of the optical sensor 154

t hrough the |1&ﬁ@a&ﬁn§90ﬁmB@a{ﬁéﬁes$§51Seotﬁa& Bfetﬁgtbgehcﬂi'ﬁxi§ sensor

determ ned on the basis of output values of the 91 spective regions of

h I cal
the opt g@- {Eé)to éhe present invention, there is shown an optical axis

sensor in which a'cylinder 151 of a metal such.as aluminum used as
a light shielder is provided with a hole 152 formed in the blocked
top face of the cylinder 151 as shown in Figs. 46A and 46B so that
light is led from the hole 152 into the cylinder 151 and radiated
to the bottom region 153 of the cylinder 151 to thereby determine
the'optical axis. |
(Embodiment 9-1)
| Embodiment 9-1 shown in'Figé. 46A to 46C is configured so that
- the region 153 is partitioned into a plurality of regions and
enclosed with light-conductive resin 155 divided into a plurality
of parts correspondingly to the plurality of regions 153 so that a
line connecting the hole 152 of the optical axis sensor and the
center of the optical axis sensor is surrouhded by the resin 155
and thaf light is transmitted to the respective regions of the
optical senéor 154 through the light-conduétive resin 155 so that

the optical axis is determined on the basis of output values of the
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The |ight-conductive resin 155 serves to conduct light with little
reflection (with small reflectance). The respective regions of the
| i ght -conductive resin 155 serve to conduct incident light splits downward
respectively and i ndependently. That is, in the configuration as shown in

Fi gs. 46AdspetaGvd ildyicimd de théleop®i el eserddr cyb4 nder 151 only through
the hole 152 so that |ight cannot enter the cylinder 151 fromthe

periphery. In ' : ' | Dy bghtyto t i r
151 is deter m'ltnﬂeudslpﬁ%sfiéa yu%‘?%gé%%% sf%!f %éeé%a%t%gﬂgﬁ%ttg?gﬁﬁeggggf
the hole., Next, the region to which Jight_js radiated | s now assuped to be
bar 11 o el & TERACEARE A THE ratd Fpelgetdicdlne ThenFeegentive, potsns
perpendi cul ar direction, light strikes directly on the four split regions

- 153a to PRdEhe flightmaniuchive ccedin ol HedServen Enccordncpineidenkohight
153a to 153d in this occasion are all equal, it is found that the direction

of i nci deaplitgiowrswaiid mpespsrici velaramd r odependéntine out put val ues from
the optical sensor 154 are different in this occasion, the angle is found

on the basis afhdtheadatin e (ESh LY £ MG ULS - sk NER , F1gs ens6A Yyl 46cght
can be detected on the basis of the quantities of light radiated to the

cont | gur s ekt Yy, AT (illeg e SPPOME A8 0BT Pt dughIEnd nbte

or the S%ﬁgaég éggi light cannot enter the cylinder 151 from the periphery.
In this occasion, an angle allowing light to enter the cylinder 151
is determined physically on the basis of the diameter and thickness
of the hole.

Next, the region to which light is radiated is now assumed to
be partitioned into four. When the direction of incident light is
near the perpendicular direction, light strikes directly on ﬁhe
four split regions 153a to 153d. 1If the output values obtained
from the four split regions 153a to 153d in this occasion are ali
equal, it is found Ehat_the direction of incident light is the
perpendicular direction. If the output values from the optical
sensor 154 are different in this occasioﬁ, the angle is found on
the basis of the ratio of the output values. Further, intensity of
light can be detected on the basis of the guantities of light
radiated to the regions 153a to 1534.

(Embodiment 9-2)

Embodiment 9-2 shown in Fig. 47 is configured so that the
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hol e is changed to a conical shape. That is, in order to w den the incident
angl e range, the dianeter of the hole 162 in the bl ocked top face of the
metal cylinder 161 may be increased or the thickness of the hole may be
reduced or the shape of the hole may be w dened downward |i ke a cone as
shown in €igme#Zr bncittémkaklsy, ofhéhephiodal isxichamyed mrerdia shefpd iafhtthe e
detected in the sane manner as in Enbodi nent 9-1. (Enbodi nent 9-3)

EnbodinenhOQeSighen@nbadth.a4&oh§cégnghg@@ed so that a netal inner
cylinder 172 is telescopically inserted into a netal outer cylinder 171 and

that |ight is JI'ﬁgt' 950 §ReokRRES tByL: ggz inQERA &n ?]1@ raa’?ﬂ;e”"thei V.

provi ded in bl ocked top faces of the cy ers 171 and respectlve

eyt noor $5EmBEeF, GF FHOCHRLES BANAh at%'ﬁ"é"b'& R T e T

inner cylinder 172 is limted so that the nunber of optlcal axes (|nten5|ty
of light Frlinéesplhdamaixbs) inggepnedans &bsf thickaessc At bhes hale may be
determ ned on the basis of difference between outputs in this occasion.
(Enbodi mened@eédl &rbatienshipe- ¢£sthen hodeFingy 4@ wideoefd gowavas tlhidte a
light .is led into a netal cylinder 181 froma hole 182 provided in the 93
bl ocked tegntass shoWwheifekagy.cyulzi.nder 181 and that a region 183

Incidentally, the optical axis and intensity of light are
detected in the same manner as in’Embodiment 9-1.

(Embodiment 9-3)

Embodiment 9-3 shown in Fig. 48 is configured so that a metal
inner cylinder 172 is telescopically inserted into a metal outer
cylinder l7l.and that light is led into tbe inner cylinder 172 from
holes 173 and 174 provided in blocked top faces of the cylinders
171 and 172, respectively.

That is, the hole thickness is substantially changed by mbving
the outer cylinder 171 of Fig. 48 up and down. The angle ailowing
light to enter the inner cylinder 172 is limited so that the number
of optical axes (intensity of light in the optical axis) and the
angle of the optiéal axis are determined on the basis of difference
between outputs in this occasion.
(Embodiment 9-4)

Embodiment 9-4 shown in Fig. 49 is configured so that light is

led into a metal cylinder 181 from a hole 182 provided in the
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havi ng an optical sensor provided therein is inserted into the cylinder 181
So as to be able to be adjusted vertically. That is, the portion onto which
light is radiated in Fig. 49 is noved up and down. Accordingly, the angle
allowing light to enter the cylinder can be controlled on the basis of the

di st ancep PSENEENLSPCL O CodNEnkNRe AT egmaaerw/mmh ahidglthaits ar adigdiond.183
Accordingly, also in this enbodinent, the angle of the. optical axis and the

ntensi ty, ol pli G o § Baf CSBREDL ! 8;{22)%8% Uigkednl 15C3Rshe el Goler did the

same man I Tren i cal” axi s sensor of Enb ment. 9
configured, as_descri bed above has effects. as fall . (1) .The.optical axis
sensor c@¥%lbRARRJL8Y FBWAEOLP BFt PRLP §9i?es8958F2g?zfgf%écfﬁéﬁgent angl e
can be widened in spite of a sinple structure. (3) Accordingly, the optical
axi s sensor iThatehs)ytheepartionannspt whirhatighdedsoragd iy FiGso 43
i ghting controller. Enbodinent 10 Enbodi nent 10 of the present invention

whi ch copgendsed apl andl dgthi ngAcootddhbey ,f ahei mpgde ad lowdng glghty to
efficiency of a solar lighting apparatus regardl ess of the position where

1 20 sl 14RO g ekt enE e i
basi ¢ characlehi thiCn8le! JRaPLAR® Ly BROBHE" Which 1ilflt A5 radiatea.
Accordingly, also in this embodiment, the angle of the optical-
axis and the intensity of light with respect to the optical axis
can be detected in the same manner as in Embodiment 9-3.
The opticai axis sensor of Embodiment 9 configured as
described above haé effects as follows.
(1) The optical axis sensor can be made a low-cost optical axis
. sensor.
(2) The incident angle can be widened in spite of a simple
structure.
(3) Accordingly, the optical axis sensor is greatly useful as an
optical axis sensor adapted to a solar lighting controller.

Embodiment 10

Embodiment 10 of the present invention which concerns a.solar
lighting controller for improving thé lighting efficiency of a
solar lighting apparatus regardless of the position where the solar
lighting apparatus is set will be described below specifically on

the basis of Embodiments 10-1 to 10-3 shown in Figs. 50 to 55.
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sol ar position detector is provided for detecting the position of the sun

at each point of tinme in the position where the solar lighting apparatus is
set. (Enbodi nent 10-1) Fig. 50 shows Enbodi nent 10-1 of the present
invention. In Fig. 50, the reference nuneral 191 desjgpates.a |ighting

prism pl ate wihitth RaFieCharactenistin dortheproseprtrinyegtient #8ahgukhpt a
mcro prismportions 191a are forned in the | ower face portion of the

| i ghti ng sediasmpeissittel orp e tivtugh imtpsdwided t £t dehéchirggblye ppshtiogeaf
193 (which will be described later) are formed on the outer circunference

~ portion dathd B ightdatth Poisnt BAtEindd lin Tiee rpoei €16e whieee athd98olar
designates a notor; and 193, a gear using the driving force of the notof to

rotate thedhdld HppgdatlP Al &sd@1. The reference numeral 194 designates a
CPU; 196, & connection shaft for connecting the gear 193 and the notor 192;

and 197 %9 ng, C ng__;ive W res, respectively. The aforenentioned parts
191 to 23 %59 Hﬂeﬁﬁlqggﬂb structure as in the conventional apparatus of
Fig. 82. The reference nuneral 199 deskgnates a sol ar position detector
which is set fd9-dexbcthang tirbodbimentlrl (o She REeseRh HRYRRLLPNt i ne in
the position where the solar lighting apparatus 199 is set. For exanple, in
t he sol ar posiln @igletsrt drthel %= farende ghimewpprlsin esignd®OF arliaghting
plurality of lighting prismplates 199P which can 95 rotate horizontally
and i ndepandanidla & &HACRNEYdd 46 |1ty portion. A plurality of
triangular micro prism portions 19la are formed in the lower face
portion of the lighting prism plate 191. Though not shown, teeth
which engage with a gear 193 (which will be described later) are
formed on the outer circumference portion of the lighting prism
plate 191. The reference numeral 192 designates a motor; and 193,
a gear using the driving force of the motor to rotate the lighting
prism plate 191. The reference numeral 194 designates a CPU; 196,
a connection shaft for connecting the gear 193 and the motor 192;
and 197 and 200, conductive wires, respectively. The
aforementioned parts 191 to 200 are of the same structure as in the
conventional apparatus of Fig. 82.
The reference numeral 199 designates a solar position detector
which is set for detecting the position of the sun at each point of
time in the position where the solar lighting apparatus 199 is set.

For example, in the solar position detector 199, one lighting prism

plate 199P or a plurality of lighting prism plates 199P which can
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portion as shown in Fig. 51, and the solar position detector 199 has a

| ighting condition detector 199K .such as an optical axis sensor, a |light
guantity sensor, or the like, arranged to face the lighting prismplate
199P, and a central processing unit 199C. The solar |ighting detector 199

i s confi guptdtsohthizonteldynandi dhidependeaoltlyoiane @fr rainged dr dde Mdifting
the sun while the prismangle of the lighting prismplate 199P is

control | egok@ibA BBt @hewnt ARORGL .a5d!,i Wnag tHRC BaliaxMpbeAMienr RaptbNdl99
to the position of the sun and that the output signal fromthe lighting

condi ti onhggt gc?%h{?ﬁg Pé{‘a%ji%t ggttegtglglg,gigtxh%ghc AP YA Y dd} Eﬁg@_]sggu

199C. Incidenta erence nuner al N desi gnates an 1 nput

for the CPU 199C. Returning.to.Fig. 50, the reference nuneral

s gnat cSSR8RRa-7: Saoht: B4R L5H0ERgS0Ra BE: HUE diied 7 Apsd dioyface the
position detector 199 to the CPU 194. In the aforenentioned confi-guration,

t he signaligbtingeprppmdplesei Ad9%Phe apdsit centarlt prosessdngeadt tHhdidRC of The
time in the set position is given to the CPU 194 fromthe solar position
detector &8%arshighainghde€CRUtd24190vaes eondligired isastthati iiowe idedthd igitorat
192 on the basis of this signal to rotate the lighting prismplate 191

through t 8gcHPpEENL98raREmENes08REelVRa ACORN ¥nR0lsin WA 1eOldd Rt i%m tHiRy1e
lighting prismplate 191 is controlled in pursuit of the sun constantly ‘so

that the BESMLA00LR Mg prilf Behele® 198 T BdneiRulY DALk ©f
through a driving mechanism 199M correspondingly to the position of
the sun and that the output signal from the lighting condition
detector 199K is subjected to an arithmetic operation in the CPU
199C. 1Incidentally, the feference numerél 199N designates an input
device fdr the CPU 199C.

Returning to Fig. 50, the reference nuﬁeral 200 designates
conductive wire for giving the output signal of the solar position
detector 199 to the CPU 194.

In.the aforementioned configuration, the signal obtained by
detécting the position of the sun at each point of time in the set
position is given to the CPU 194 from the solar position detector
199, so that the CPU 194 givés a rotating instruction £o the motor
192 on the basis of this signal to rotate the lighting prism plate
191 through the motor 192 and the gear 193.

Accordingly, the rotation of the lighting prism plate 191 is

controlled in pursuit of the sun constantly so that the prism angle
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can be optim zed. (Enbodi nent 10-2) Fig. 52 shows Enbodi nent 10-2 of the
present invention. Enbodinent 10-2 of Fig. 52 has the al nost sanme structure
as Enbodi ment 10-1 of Fig. 50, so that the description of parts of the sanme
structure will be omtted because corresponding parts are referenced
corresponghageys Ibeopelimigeaat kon thadr agkeguaitd t§f ofhild ghradikemntindoom
that in addition to the configuration of Enbodinent 10-1, an optical axis.
sensor 20&ahsb@rggggﬁgzgg face the Iighting prismplate 191 and that
conductive wre 2 is provided to transmt the output signal of the

opti cal 201 t,o the CPU 194. The operation of this enbodinent is
carried O§§33§8 ﬁ%mﬁ Qﬁ E(t?eps ST1 to ST10 of Fig. 53 which is a flow chart.
In this manner hi s. enmbodi ment,, the_qutput signal of the optical axis

sensor 201 at Eé&h éi Ahoys Empedimepit,df-2o Ofh EhepBregendy IWantdmn ca

axis control of the lighting prismplate 191 as executed through the CPU
194 i s coEmbodénenbnlPndoasl Fign SBRehbssitbeohlmostosamet sdirpedtiuref ashe
sol ar position detector 199. Accordingly, this enbodinent is inproved in

t he quant Eapo@imbhghlotakel FRgQO50GOoEPakadtWithle Heediipriionl@fl parts of the
(Enmbodi nent 10-3) Fig. 54 shows Enbodi nent 10-3 of the present invention.

97  Likg.RUMBERLStLPeeREN10beFbATttEd BRLaRRE ot depIdiBiPHdrts are

referenced correspondingly.

- The configuration characteristic of this embodiment is in that
in addition to the configuration of Embodiment 10-1, an optical
axis sensor 201 is_arranged to face the lighting prism plate 191
and that éonductivg wire 202 is provided to transmit the output
signal of the optical axis sensor 201 to the CPU 194.

The operation of this embodiment is carried out as shown in
steps ST1 to STIOIOf Fig. 53 which is a flow chart.

In this manner, in this embodiment, the output signal of the
optical axis sensor 201 at each point of time is given to the CPU
194 so that optical axis control of the lighting prism plate 191 as
executed through the CPU 194 is corrected continuously on the basis
of the output signal of the solar position detector 199.
Accordingly, this embodiment is improved in the quantity of light
taken indoor compared withlEmbodiment 10-1.

(Embodiment 10-3)

Fig. 54 shows Embodiment 10-3 of the present invention.
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The description of parts of the sanme structure as in Enbodinent 10- 2 will
be omtted. The configuration characteristic of the present inventionis in
that a light quantity sensor 203 instead of the optical axis sensor 201 in
Enbodi ment 10-2 is arranged to face the lighting prismplate 191 and t hat
conductive w Lak204umerpleyiideddoty df @iygs.t t9haridsDdDuigidr sigriblkefpdives.
| ight quantity sensor 203 to the CPU 194. In this enbodinent, lighting

control irheFEREErTHRHI ook 'firf&‘_j'Jf' theS Gdndls & dAhAld Nk |15 tEmisdd Shed 710~
the lighting prismplate 191 is intended to be corrected through the CPU
194 on the i s of t. |4 ght quantity signal given to the CPU 194 fromthe
| i ght quan?? ; ggnggﬁqgﬁg'at each point of tinme. That is, the operation-of
this enbodi ment is . carried qut as shown in steps §§% to ST1IQ in the flow
chart of Fig. 188 C FUrSten ohar ashends i e BReSeht iRty 1S
sensor 203 is read by the CPU 194 in step ST4, and checking is made in step
ST5 as t énwitbaftep dHghduaantityf sengiar WX Hnateaskaf ttierpticabmiie
lighting prismplate 191 while controlled through the CPU 194 on the basis
of the deeesbiro204i dmaEmbbdimentolld-20ds tararardetde dtorf k99 titse alni ghpt ingim
gquantity of |ight corresponding to the position of the sun or not, by which

the quanpirti¥mobilaic@hts 9i1s an@Nivh@ld Rbridudia vPhiife b4 I growlddl - edhe

point of "difference between this embodi ment and 98 Enbodi ment 10-2 is in
t hat thet?ﬂﬁ@h&%*i%% %h%h%dﬁiu%squ%%Iaof the light quantity sensor 203 to

the CPU 194.

In this embodiment, lighting control in Embodiment 10-1 is
modified so that a rotating instruction for the lighting prism
plate 191 is intqued to be corrected through the CPU 194 on the.
basis of the light quantity signal given to the CPU 194 from the
light guantity sensor 203 at each point of time. That is, the
operation of this embodiment is carried out as shown in steps STl
to ST10 in the flow.chart of Fig. 55. In the steps, the output
signal of the light quantity sensor 203 is read by the CPU 194 in
step ST4, and checking is made in step STS5 aé to whether the
quanfity of light which has been taken in from the lighting prism
plate 191 while controlled through the CPU 194 on the basis of the
detection signal of the solar position detector 199 is an optimum
quantity of light corresponding to the position of the sun or not,
by which the quantity of light is controlled to be'optimized (ST5

to ST10). The point of difference between this embodiment and
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correcting control detection quantity in this enbodi nent. Although each of
t he af orenenti oned enbodi nents has been descri bed upon the case where one
lighting prismplate is provided in the lighting portion for the sake of
sinplification, it is to be understood that the present invention can be
appl i ed tEmbddimase de2 eis phutldttyhef qghagbitygoprLlighpl dseaseflons a
exanple, two lighting prismplates, or the |ike, are arranged in the

l'ighting Mﬁé@@lﬁ?‘%é@@ﬁoi F@e@@étf@ﬁ é‘éféﬁtf'tfrefﬁ' emsoaﬁ\bebmén&ade bet t er
in the case of a urality of lTighting prismplates. Al though the

configuration s_be S C I gur t|on
of the solar p’%)hglkfl"g% dé?‘g@t o? %85 ?ﬁg\”;%@%nepoﬁﬁ +‘§?§%‘3%F?8nggg Been
enmbodi nen a matter of course that other,. configuratjions than the
cont s gur 5T thedi Gpom 1t ey SaeS (MRRFacORrbL LIRS PELFR; BhaBR RePEhNiged
each point of tinme can be detected. In the case where the configuration of
Fig. 51 iih uehal lighetinglpongionifor ptlae esaberoft abmplifiagtieohanksisl$oMpe
the CPU 199C and the lighting condition detector 199K in the configuration

of Fig. Qinddstted@othd® €O eBens ifvdntDodOcdn Becapginglytot Rhsechaet s
of common configuration can be partly or wholly onitted by applying an

| gnti ng s o (RS PO GFT I ELAT 00140 BhECeE o 808 eldiptR Shwe e

h_as excel llegq;[ J.er];g; eggissn?splfgtlzég, or the like, are arranged in the lighting
portion and that the optical axis direction control is made better
in the case of a pluralify of lighting prism plates.

Although the configurafion of Fig. 51 has been shown as an
example of the configuration of the solar position detector 199 in
each of the aforementioned embodiments, it is a matter of course

- that other configurations than the configuration of Fig. 51 may be
used as long as the position of the sun at each point of time can
be detected.

In the case where the configuration of Fig. 51 is used, the
lighting prism plate 199P, the driving mechanism 199M, the CPU 199¢
and the ;ighting condition detector 199K in the configuration of
Fig. 51 are common to Embodiments 10-1 to 10-3. Accordingly, these
parts of common configuration can be partly or wholly omitted by
applying an ingenious idea to the programming process in the CPU

194.

The solar lighting controller of Embodiment 10 configured as
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(1) Because the solar position detector is provided in addition to the

| i ghti ng apparatus and the CPU so that the position of the sun at each
point of tine can be detected by the solar position detector in the place
where the solar lighting apparatus is set, optinmumindoor |ighting can be
per f or nedidstilbexliidbamfe thees sescell ¢S pefifieaigs yas ofehbbwpoi nt of tinme in
the set place by using the result of the arithnmetic operation of the CPU on

t he basi s jof 'tﬂzfcai?é@ceﬁ@%&iwaﬁkos{@ioﬁ%é\@@étof i hﬁrsona%auﬁt 5aaifeiohheo

| ighting apparatus in which one Tighting prismplate or a plurality o

l'i ghting prismplates are r ed. s S r .horj go I

t he quantqq}eyiolfg%tllgr}i %éﬁ(%%?"g%g%'}d i%%u?é‘gi %)SO@Q%ﬁe{gﬁnség%gbggmggep’ha .EYm
opti mum caonti nyously because the sol ar_positi detector_gives the central
processi AF HAD BRINS 5 tigre s‘?ﬁ'hrb%o%g'{'?%ﬁe@[}% the hﬁ?bgf  PAZi PR, etc.
of the sun at each point of tinme in the set place so that the central
processi g wagttonmeikesthe pkacemheére ophe asobar ohightingsapparatus et getk-
signal of the solar position detector and issues a rotating instruction to

control tdj imurs Maiuhe Dighting | G i g Pei SOTMEAt En appr oLt abel Yhe(8kn
Further, when the lighting condition detector such as an optical axis

;S)grs]is?ir bﬂ%&ﬂz@&p&&}?#%ﬁ@@@éh Sint 15t a“@%“’?ﬂﬁ‘?ﬁ??fﬂt h?&céobghﬁﬁﬂpa‘che

_ tector at the rotating control : ghting pfismplate

s oorr ool et LN P00 opdatln Bk €L EbooR thDCHHHED LY R
detection signal.
(2) Further, in the configuration of the lighting apparatus in
which one lighting prism plate or a plurality of lighting prism
plates are arranged so as to be able to rotate horizontally, the
quantity of light taken indoof in pursuit of the sun can be made
optimum continuously because the solar position detector gives the
central processing unit fhe signal of solar position such as
height, azimuth, etc. of the sun at each point of time in the set
place so that the central processing unit makes an arithmetic
operation on the basis of the output signal of the solar position
detector and issues a rotating instruction to control the prism
angle of the lighting prism plate appropriately;
(3) Further, when the lighting condition detector such as an
optical axis sensor, a light quantity sensor, etc. is arranged in
addition to the solar position detector so that the rotaﬁing

control for the lighting prism plate is corrected correspondingly -
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the indoor lighting condition is inproved nore greatly. (4) Further, in the
configuration in which the lighting condition detector is provided as shown
in the paragraph (3), the correction of the rotating control is perforned
appropriately even in the case where lowering of lighting accuracy is

caused byt hped@iffilcanald:an Yr tife RUAH Gy RIOPE Nt Ut Idich | SEARD P! L Sl

plate due to long- termuse, because the quantity of light or the optical

axi s at ch.paint qf. tinme is defected continuous)y. Enbodi t 11

Enbodi ne ﬁelf%%POthﬁéﬁ§ﬁﬂﬂ qQﬁ§§%59ﬂ1ﬁﬁﬂﬁﬂPQﬂﬁﬁ:rWﬁf?m%ﬁlégi#‘detecting
the direction_and angle of the optical axis and c|oudy weather as adapted
to the sdddr Fughhierg denttihs |canffigyr ajd otedidr irkrh gy Lkt ing arP5dbhion
t he basis of Enbodinents 11-1 and 11-2 shown in Figs. 56 to 65. (Enbodi nent
11-1) Fi dettecEolrodismgriovitiell afs tdiwowr dserithe rpearagapiwi (3) betllescorbedtion
with reference to Figs. 56 through 61. Fig. 56 is a perspective view

showi ng biEe t@¥e ritla taRy iciitaid10n Pipd i EP HPtprfatdy AFaCt Di tiSé NBase
t he detecting nmethod of the present invention. 1n érg. 56, the reference
numer al esi : - P : : [ L ch.
Serveq afPRTS AoHadiRy D ATCHCS Y B2 5e i 3RE; O T ELr ik EbLon
cylindrical ,rotor which is driven b he st i ng - nDt or 2. The 101

o1 f encEinbhe: PhYPLSR I RHARRRtS OF (it ST 1 Sty Ay tO Long-

term use, because the quantity of light or the optical axis at each
point of time is detected continuously.

Embodiment 11

Embodiment li of the present invention ﬁhich concerns means
for detecting the direction and angle of the optical axis and
cloudy.weather as adapted to the solar lighting controller will be
described below specifically on the basis of Embodiments 11-1 and
11-2 shown in Figs. 56 to 65.

(Embodiment 11-1)

First, Embodiment 11-1 of the present invention will be
described with reference to Figs. 56 through 61.

Fig. 56 is a perspective view showing the OVerall
configuration of the embodiment of the detector using the Qetecting
method of the present invention. 1In éig. 56, the reference numeral
211 designatee a desk~like base; and 212, a stepping motor which
serves as a driving source. The reference numeral 213 designates a

cylindrical rotor which is driven by the stepping motor 212. The
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notor 212. As shown in Fig. 56, the rotary shaft 212a is idly put into a
hol e 211H provided in the nearly center portion of the base 211 so that the
rotary shaft 212a is arranged at a predeterm ned distance fromthe base
211. The reference nuneral 214 designates a first screen which is

i nt egr al tgferencgeniuménal alpaedesbgnated aangeaoy shhétoliber thier seppinge
of the rotor 213. The screen 214 is fornmed to a shape which is such that

the hei ghétshappes cREtERYRHSEN Figl hgs(;“ £Ret keRael ghsfﬁ;otza.tzborisoflatllae put
rotor 213 as shown in Fig. 56. For exanple, the screen 214 is shaped |

triangl ey YD 4500511 HOpEALLHERC R OnBNARNEONaR LIR30 e t{gle“magze

will escr Connecti on por oVi

botton1s of the tr SQ that t screen 214 i I|fted u sI| ht |
ohown | 2 EE S0 tsk, FhRotaty: Hake: drpal LPoRrERBIED: abn oo pECdstes
material is preferably used, if possible, to formthe wall surface of the
screen Zinst@n©©téxﬂmshbﬁpbéﬁadé » Incidentally, the stepping motor 212 is
made to be arranged on a board set on the ground, or the like, and is nade
to be suppor tPBlde byefbeebasendiédrad 2Lppaesighatest ar f2tstasdrieea stiiedn ixl4
I f necessary. The reference nuneral 215 designates a limt swtch for

detecti nph¢d@rLI1@ & Phn§bE 5969? glﬁreaﬁéekhﬂhEdSWhhﬁg 8E5the bdter
nounted to the inner circunferential face of an L-shaped support

circumference of the rotor 213. The screen 214 is formed tq a
shape which is such that the height changes continuously in the
direction of the rotation of the rotor 213 as shown in Fig. 56.

For example, the screen 214 is shaped like a triaﬁgle. With
respect to influence of shadows on a light sensor 217 which will be
described later, a connection portion 214A is provided in the

- bottom side of the triangle so that the screen 214 is lifted up
slightly.as shown in Fig. 56.

Eurther, as the material for the screen 214, an opaque
material is preferably used, if possible, to form the wall sﬁrface
of the screen 214 to obtain sharp shadows.

Incidentally, the stepping motor 212 is made to be._arranged on
a board set on the ground, or the like, and is made to be supported
by the base 211 to support the rotor 213 and the screen 214 if
necessary.

The reference nume;él 215 designates a limit switch for

detecting the origin of the rotor 213. The limit switch 215 is
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216 at the upper end of the support 216 and arranged so as to be opposite
to the outer circunferential face of the rotor 213 at a predeterm ned

di stance therefrom Incidentally, the | ower end portion of the support 216
is fixed onto the base 211. The reference nuneral 217 designates a |ight

SEeNsor SHHRRELL dtgytﬁesygﬁg?gﬁgthﬁigrgggﬁahi9 EeS82SAN %lghkieﬁrgg%?%ié n

a predeterm ned position ecl on the influence of "sha

proj ecte ro e screen 214 an t he rotati center axis .ine_just above.
Phe GoperLfoeE bhe, REBFE, spdsof tRacPiekokr 918 ABY BRaPieRd 58 A To0PS he
support arm 218 is fixed onto the base 211 by neans of a screw 218a, or the
li ke. THePBREHEE &PgRhe B'Ft?ﬁecllFﬁH%‘f§§ﬁ§6#a¥1faF§ efipphredoter: #d3caly @not
shown) through a substrate (not shown) having el ectronic el enents bel ongi ng
to the |pybdetermined@id@ighanchr bhgheErou.w Encidentefdyn) theo lower ®nd
necessary arithnmetic operation (which will be described later) is carried

out . - Theps ot Bbh NGE cenér Supper tt Peesieppirednehed 2hé basal 201driven on the
basis of an instruction given fromthe CPU 1In the configuration of the

enbodi ment sheM® | 8¢EL@ncebnuhBeali 80Y asgighg%éz- 581§§me0ehﬁ%fri é%gjg'ro{}t%rdh

position on_the rotation center axis above rotor 213 by the sup _
sensor 20 BrauPREr bR ERn 0s | LRAnlGOnE PERAPE. 2hdcPAPRGAPOS 08 (s
substantially necessary that the center of the |ight sensor and
predetermined position which is decided on the influence of shadows
projected from the screen 214 onto the rotation center axis line
just above the upper face of the rotor 213. Incidentally, the
lower end portion of the support arm 218 is fixed onto the base 211
by means of a screw 218a, or the 1like.
Thé output signal of the light sensor 217 is supplied to the
" CPU (nof_shown) through a substrate (not shown) having electronic
elements belonging to the light sensor 217 and through lead wire
(not shown), so that a necessary arithmetic operation (which will
be described later) is carried out. The rotating control for the
stepping motor 212 is also driven on the basis of an instruction
given from the CPU. |
In the configuration of the embodiment shown in Fig. 56, the
light sensor 217 is supported/fixed in a position on the rotation
center axis above thé rotor 213 by the support arm 218. 1In the

case of such configuration, the accurate alignment of the light

sensor 217 and the screen 214 is made difficult. Accordingly, it
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the center of the screen are aligned by circuit adjustnent in the |ight
sensor substrate. Therefor, as shown in Fig. 57, the light sensor 217A is
preferably provided on the substrate 219 fixed onto the upper face of the
rotor 213 by neans of screws 220a and 220b, or the like, so that the |ight
sensor 2izAsubsitandédrdillyy necesised ywithatt drer ateortex1 D [the Hiightassengdre and
i ght sensor 217A is arranged and nmounted onto the substrate 219 so that
the cent eheobehlter! oFhithecrediecdl Gid 21ligealby i Y dDJusimd€ in the
rotation center of the rotor 213 in advance. Though not shown, el ectronic
el ement s nQi (o] light sensor 217A and | ead wre connected to the
CPU vi a %E§h§|%§3?8ﬁi§5§§§ﬁ§ﬁ%g are included in the substrate 219. Next,

t he method wi be .descri bed bel qw w.th reference .tq . the flow t. of Fig.
61 ot her ¢ han TRE3 ££08ga 2% SBEVRY 11y IS 019 s SHF SN (RATOE (Aot at | on
of the detectigg met hod will be described by using step synbols ST1 to ST12
descri be@refetpdlyl proyiged omokhe subsfrage AWefi et ttdie giprey. faee
or 57 is set in a place where light rays of the sun strike and then the

st eppi ngofiothe retor 213l by tdeansn off Gcrewan20a Amt KRAGE, ior agdverldiEdcee so
with a drive instructions froma CPU not shown for the purpose of detecting

the origeRat! fReOnight Rlenldd® PALA %13 dtediaiay ebtatel WitH hOTidikdy

detection limt switch 215 so that the stepping notor stops once. 104 In

this €asgq3as %ﬁO%iisncgis%, %%% ,lti@%tr ?ste rsozrliliﬂ @earranged and mounted
onto the substrate 219 so that the center of the light sensor 217aA
is located in a position of the rotation center of the rotor 213 in
advance. Though not shown, électrqnic elements belonging to the
light.sensor 217A and lead wire_connected to the CPU via the
electronic elements are included in the substrate 215.

Next, the method wil; be described below with reference to the
flow chart of Fig. 61 other than Figs. 58A to 60.

In the following descriptidn, the operation 6f the detecting
method will be described by usiﬁg step symbols STl to ST12
deécribed in the flow chart shown in Fig. 61.

When the detector of Fig. 56 or 57 is set iﬁ a place where
light rays of the sun strike and then the stepping motor is
initially driven, for example,'clockwise in accordance with a drive
instructions from a CPU not shown for the purpose of detecting the
origin, the origin of the rotor 213 is detected (ST1) by the origiﬁ

detection limit switch 215 so that the stepping motor stops once.
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matched with the direction N of the origin (for exanple, north direction).
In this occasion, for exanple, the front end 214a of the triangular screen
214 coincides with the origin 0. Then, the stepping notor 212 is driven in
accordance with a normal driving instruction given fromthe CPU on the
basis of an i st thitsi easESTAs tshararin dEigctS8dn dfhe ot e2k3 oks amaldeangl e
(elevation angle) of the optical axis, so that the rotor 213 begins to be

rotated matcheddwits! it Ofi rda i GV QY SralIGk Wi fs) aanidly ndk £h 9.
58A (ST3). As aresult, if the output of the |ight sensor 217 or 217A

begi ns t g :bechadyoed ah 1Y Wodlsiddr® ARloddiild One L Alé e 31y

of
screen 2 rotates by angle romthe directl the origin as shown

in Fig. B (ST4), .a _signal corresponding to t,. le [.er]l is supplied
nto ¢ he thsU RS appitl ol SiEss e Ak e e i VR A G banrs of a
step angl e si%nal given fromthe stepMIuirnnor 212 and the reduced out put
si gnal from t F@eni.gtthes steppingy mator] 24 & d & Kerisign dd @agcqniange #ithm
(azimuth) of the optical axis as [err]1 (ST5). Then, if the output of the
i ght sensemall drdwidl/Anstomesdden adaien tfxronetihien QRU aomitdie adgig ¢STan
when the rotation of the rotor 213 is conti-nued, that is, when the rotation

of the sghgeRuetdons (a2 ML GtdlRigditec il dM&RE &bl Sard@laigte
further by angle [err]1 from ST5 (ST6), that is, when the screen 214 1s

ot aeS REBhat AR ol e TS s, Rt R, P23 begine
to be rotated in the direction of the arrow (counterclockwise) as
showﬁ in Fig. 58A (ST3). As a result, if the outpﬁt of the light
sensor'217 or 217A.begin$ to be reduced at a point of time that the
front end 214a of the screen 214 rotates by angle 61 from the
direction N of the origin as shown in Fig. 58B (ST4), a signal
corresponding to the angle 01 is supplied into the CPU so that the
CPU calculates the angle 61 on the basis of a step angle signal
given from the stepping motor 212 énd the reduced output signal
from the light sensor 217 or 217A to thereby detect the direction
(azimuth) of the optical axis as 61 (ST5).

Then, if the output of the light sensor 217 or 217A increases
again to returh to a high output (ST7) when the rotation of the
rotor 213 is éontinued, that is, when the rotation of the screen
214 is continued, that is, when the screen 214 is rotatéd further
by angle A6l from STS (ST6), that is, when the screen 214 is

rotated by 61 + A6l in total as shown in Fig. 58C, the control -
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optical axis on the basis of [err]l1l as follows. That is, when heights at
the front end 214a and internedi ate position P of the screen 214 are
represented by h and hp, respectively, as shown in Fig. 59, the height hp
is calculated by the CPU on the basis of the follow ng expression (9): hp =

h([err] -cig&tlt calculates in ST8 the. angf8) (elevhitiBbn[ angllenepiesEnchean
angle (Fig. 58C) between opposite ends 214a and 214b of the triangul ar

screen 25§Pt¥£9¥LéQFsp8#n£hgf §E§§g§% RBPP gtkgﬂgﬁ&ge val ue of the angle is

converte eng Oﬁ]SI e screen 214. Fromthe
same reason, the value o , onverted into,the_l t h_bet n 21 nd
Pin the bottoﬂngdéSOfwgﬁE éEf@Bﬁszi& Egﬁg§r°§§C§§ﬂdsgg? Ngxﬁ"%ﬁﬁgeéﬁdﬁ
(elevation angle) [err] of the optical axis is given by the expression (10)
from Fi g.pe®itiens thﬁhe[§¢FFePhBlﬂ)an@cﬁﬁﬂFﬁ§P9t99h£YaﬂgPéd(éEbvat|on
angle) [err] of the optical axis is obtained as shown in the expression
(11) by suéspettivealyt haseshoeasinnFig) Batothhehexghas_gpns(tﬁﬂcuﬂameﬁ by
Accordingly, the angle [err] of the optical axis is calculated on the basis

of the exem68@p@noﬁlémemheglglsnatﬁecebn@éwaaalaﬁFtesbaoh,(berr] and [err]
are supplied to the CPU (ST8). As long as the angle [err] of the optical

axis i s obtained, HS 1084 hgbghyeof the sun can be obtaingd under the
consi deration of the e,

in which @ represents an angle (Fig. SSC) between opposite ends
2l4a and 214b of the triangular screen 214. From the ppint of view
of proportion, the value.of the angle is converted into the length
of the bottom side of the screen 214.-.From the same reason, the
value of Afl is converted into the length between 214a and P in the
bottom side of the screen 214 (Figs. 58C and 59).

. Next, the angle (elevation angle) wx of the optical axis is
given by the expréssion (10) from Fig. 60.

w1 = tan"*(hp/r) ceee.(10)

Accordingly, the angle (elevation angle) wx of the optical
axis is obtained as shown in the éxpression (lli by substituting
the expression (9) into the expression (10). |

wr = tan"*{(h/r)-(8 - A01)/6} cese.(11)

Accordingly, the angle wa of the optical axis is calculated on
the basis of the expression (11) when signals corresponding to h,
r, § and A0l are supplied to the CPU (ST8).

As long as the angle ox of the optical axis is obtained, the
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nount position of the solar |ighting apparatus. Wen the output of the
| i ght sensor 217 or 217A contrariw se does not begin to be reduced, the
rotor 213 is controlled so as to rotate in the whole range (ST9) and then
cl oudy weather is decided in ST10, so that a detection output "cloudy" is

sent out heg@t OFe thel Furlkdd Yaldtd ihddundd ecHandsnd iddAd t vor Nefitthe
I ncrease of the output of the |ight sensor 217 or 217A (ST7) though the

rotation_of th f ' tj ni out put of the Iight
sensor 2#“8% %f%ﬁttﬁ??‘r égltﬂceel% %@Aylil%%et{%@ rﬁ‘{ée{{aa&g'ci sion in ST12 that
the angle of the optical axis is qQut of detection ge. Jhe tine that the
angl e of the &BencdheQuenut qf t§¥e dek ity istﬁpsr%g%la?so’éb%{}ﬁ OURE LR H¥t &6
t he height of the sun becones high. Detection with respect to this range is
excl uded dogssSnet. begdmedia e nesucadr dntidid Zet et iFrpoprled ofriads to
repeated. (Enbodi ment 11-2) Next, Enbodinment 11-2 of the present invention

will be detatiebdth whieh whefley arorye o FFYs .arfi? tHemougflowdy wentlier chsede¢ided
Enbodi ment 11-1, the judgnment is nade inpossible at the height of the sun

of 9( eriilh @ridhe drdinatofa it ithi RIifiit MeaoUdpents idedbeobe] ght of
the first screen 214 is not infinite. Because the height of the screen is

novever 1M ! Gheh? theh ARG AE Y e I Hifa O (&R1 P L PBenout

el enents, 107 odi nment has a di'sadvant age | e Judgnmen

becones
increase of the output of the light sensor 217 or 217A (ST7) though

the rotation of the screen 214 is continued (ST6) after the output
of the light sensor 217 or 217A is redﬁced (ST4), the CPU makes a
decision in ST12 that the angle of the optical axis is out of
detection range. The time that the angle of the optical axis is
out of detection range is about noon at which the height of the sun
‘becomes high. Detection with respect to this range is excluded in
ST12. Thereafter, the aforementioned detecting operation is
repeated.

(Embodiment 11-2)

Next, Embodiment 11-2 of the present invention will be
described with reference to Figs. 62 through 65.

In the case of Embodiment 11-1, the judgment is made
impossible at the height of the sun of 90° on-the basis of the
principle of measurement if the height of the first screen 214 is
not infinite. Because the height of the screen is however limited

to a predetermined value by the influence of relating elements,
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difficult about at noon at which the height of the sun becones high. This
enbodi nent is provided to conpensate for the di sadvantage of Enbodi nent
11-1. Now, Figs. 62 and 63 are a plan view and a front view show ng the
overal | configuration of Enbodinment 11-2 of the detector using the

det ect i ngmpedlindnaf 11he pagsendiisadeanitage lim et the Juddmbnd hRecomes
reference nunmeral 221 designates a first support; 222, a stepping notor

which sepyes;iggid QBbeltngts%gﬁe' 2%ich SHe B JfOtt(?lre Wit hdcontlld Ven
by the stepplng not or 22 a, a rotation for the stepping

not or The feren e _.nuneral, 224 desi an tes a seco d re which is
I nt egral Eﬁ Qét égt i o\%l f"ﬁ"tthésr §EGV ?f% é’§ and 63,

the screen 224 has a front shape of _.a 1/8 sphere in mhlch a circular arc
having addFafyeBtagquet Fobodémeadi dd—R-of the 1/8 sphere is cut off from
the 1/8 sphere in the inner side of the 1/8 sphere as shown in Fig. 62. The
second screenN2f4 Fdgsdesib@gnands63t hate whellant tvirewsiagel porfirict ofiewheshowing
dianeter Ris fixed to the rotor 223 through a nenber 224L. In this case,

in this ereodverall 2onFhiQuiation oF Embodithehd 112 9T adie A atdrd ising
menber 224L are connected to each other by neans of a screw [err] mhereas

the menbepe.24 'teéfé‘inbh ert%ﬁr %Z%h [ &reQaRRcloddn oA G4 f635l

screm/[errf % |'so as "t e na eri al % the screen 224, an opaque nateH q)

108 Efeerr% |¥elrjlsc% humera 3'29.' %est.t%nfa rerg tahefl\lgasltl ssl.tlf)go%cte Q2f22t he
stepping motor which serves as a driving source; 223, a cylindrical
rotor which is driven by the stepping motor 222; and 222a, a
rotation shaft for the stepping motor 222.

The reference numeral 224 designates a'second screen thch is

integrally set together with the rotor 223. As shown in Figs. 62
-and 63, the screen 224 has a front shape of a 1/8 sphere in which a
circular arc having a diameter equal to the radius R of the 1/8
sphere is cut off from the 1/8 sphere.in the inner side of the 1/8
sphere as shown in Fig. 62. The second screen 224 is designed so
that the bottom side portion of the diameter R is fixed to.the
rotor 223 through a member 224L. In this cese, in this embodiment,
as shown in Figs. 62 and 63, the screen 224 and the member 224L are
connected to each other by means of a screw Bai whereas the member
224L and the rotor 223 are connected to each other by means of a

screw B2 .

Also as the material for the screen 224, an opaque material is
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screen 224 to obtain sharp shadows. For exanple, the stepping notor 222 is
made to be supported by a second support 225. The reference nuneral 226
designates a limt switch for detecting the origin; and 227, a stopper for
stopping the rotation of the screen 224. The reference nuneral 228

desi gnat e ef dnajiity aeseshy inhipdss isbkappios t Bokytlze fwakl swppace @RI1thér ough
a substrate 221a having electronic el enents belonging to the Iight sensor

228 and WHrded 23 ra @k d ih ashy s elidowed position which is-decided on
the basis of the influence of shadows projected fromthe screen 224 onto

h [ | S, |1 . h |
i s onbodi et R O Sedoifidg Riedd bad "L Uadl o3 BECeB3EeL, by

| i ght sensor 228 is.chxgégkgrlthe rotation center of the rotor 223 in the
same manferSSEONh SRR 11-1 and can be fixed to the rotator 223

t hrough the substrate. Such configuration is preferred in the point of view
of the alignmiiite gfefigrengemumatlor2 26 slesinakes ca ebimbbsswisieh | fory to

t he case of Enbodinment 11-1, the output of the Iight sensor 228 is supplied

to the naetsutimdCRihd fomigin eland r22l c | stepper (fof stoppingr thegedtation
t he substrate 221d of the light sensor 228 and |l ead wires (not shown) of
the el ectgonife d&BEEH 250, t hat necessary cal cul ation, detection, etc.
which will 109 be described later is carried out.

The reference numeral 228 designates a light sensor which is
supported by a first support 221 through a substrate 22la having
electronic elements belonging to the light sensor.228 and which is
arranged in a predetermined position which is decided on the basis
of the influence of shadows projected froﬁ the screen 224 onto the
rotation center axis line of the rotor 223.

Though not shown, also in this embodiment, the light sensor
228 is arranged so that the center of the light sensor 228 is
located in the rotation center of the rotor 223 in the same manner
as in Embodiment 11-1 and can be fixed to the rotator 223 through
the substrate. Such configuration is preferred in the point of
view of the alignment of the light sensor 228 and the screen 224.

Similarly to the case of Embodiment ll-l; the output of the
light sensor 228 is supplied to the not-shown CPU through
electronic elements (not shown) arranged on the substrate 2214 of
the light sensor 228 and lead wires (nbt shown) of the electronic

elements so that necessary calculation, detection, etc. which will
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Assunme that the rotating control for the stepping notor 222 is also driven
on the basis of an instruction given fromthe CPU Next, the nethod of the
present invention will be described below with reference to not only Fig.
64 but also the flow chart of Fig. 65 and furthernore Figs. 58A to 58C. The
reason whg Hegeribed flatelCism earefied ehtt.o is in that Enbodinents 11-2-and
11-1 are different in the shape of the screen but quite equal in the

operation of pag fe @A tS He 2ot iELTHINIIES N (st HPiing nistiod 222 is
those in Figs. 58B and 58C can be omtted. In the follomnng descrlptlon

t he operation of. the det Gl ing, et of S e I

descri begt‘lE? S§|1V r]‘stoé‘pt ynbgl%lssf%o é‘f‘fg:eré’%stgirl J‘% ﬁ]ﬂoq?legqvé C ar't
shown in Fig. 65. Wen the detector shomm in Fi 62 an 3 |s et

pl ace where | NeEr he gethnd of, the |H&?%%ﬂ$t r?ﬁqﬁPQn ékﬁgls
initially driven, for exanple, clockw se on the basis of a dr|V|ng

i nst ruct bedofwr mhthhe'e@léwe(nmt tohowt) dndiy g .plerdpdurt flsietde iflpw ehart of
origin, the operation bar of the limt switch 226 strikes on the stopper

227 to tpagebysdandctturthediotien Fdigd.h&gpotiy 5828 ( §hie rsubdrhavist gy 58A
notor 222 stops once. In this case, the rotor 223 is nade matched with the

directi ogoNs@e e fdrtdd ¥o MM &hd0Enlbdd ikt O)1-d Mharfd) 15 -0C CAsd On,

for exanple, the front end 224a of the screen 224 coincides with the origin
0 e BB B, s el 1B BSSRRT BT O Sana B e v
operation of the screen so that the description of parts equivaient
to those in Figs. 58B and 58C can be omitted.
In the following description, the operation of the detecting
method of the present invention will be described by using step-
symbols ST1l to ST12 described in the flow chart shown in Fig. 65.
When the detector shown in Figs. 62 and 63 is set in a place
where light rays of the sun strike and then the stepping motor 222
is initially driven, for-éxample, clockwise on the basis of a
driving instruction from the CPU (not shown) for the purpose of
detecting the origin, the operation bar of the limit switch 226
strikes on the stopper 227 to thereby detect the origin.of the
rotor 223 (ST1l) and the stepping motor 222 stops once.
In this case; the rotor 223 is made matched with the direction
N of the origin (for example, north direcfion). In this occasion,
for example, the front end 224a of the screen 224 coincides with

the origin O (equivalent to Fig. 58A). Then, the stepping motor

110



I nstruction given fromthe CPU on the basis of an instruction (ST2) to
start detection of the direction and angle (elevation angle) of the optical
axis, so that the rotor 223 begins to be rotated in the direction of the
arrow (counterclockwi se) as shown in Fig. 64 (ST3). As a result, if the

out put 0222 hes!| aghvenr c8dftbesilbekivsbe ineduestdahce iitht aOhorimad dirdtv itige
front end 224a of the screen 224 rotates by angle [err]1l fromthe direction

N of L hes 85400058505 08YEn | BrSH4£08ILPHALANLNEOLELSs B3%hy InSitdlRleion (s12)

correspondr ng e“ang err IS supplied rnto t U so that the
calculates the angle 01.on the pasi,s of a step.angle sigpal qgi.ven fromth
ot eppi notat b So9eERAEIRE PeaSPBACDEERELoD: GRS AREgm (FLeMPLHER BRGIE 2

to thereby detect the direction (azinuth) of the optical axis-as 01 (ST5).
Then, iftRacoBtigal 8KishesPi §hatsEReoro2o8 2A3dr Bg9d8sa§si ket sotatedn inp the
hi gh output (ST7) when 'the rotation of the rotor 223 is continued, that is,

when t hedipéation of the acrewn(2ddnterchotkwiee,) alsashown \inelFighe 64creen
224 is rotated further by angle [err] from ST5 (ST6), that is, when the

‘screen 24dr3p, ropgt gdrb¥ulle,ri2 thkebukput berthel Nigakabrf ROW LRYiAS Fobe
as shown in Fig. 58C, the control circuit calculates in ST8 the angle

I ' ' . i ' ' f _the,foll ow
theory toReageares! EphIRE DATLoRR ERncTERS MRoherehA2248 gl "Bner R leR

of the point of intersection 111 bet ween the screen 224 and the optical
axis of +Hd Eﬂhat?ﬁebYeﬁﬁﬁﬁe 01 from the direction N of_the origin as shown

in ST4 (equivalent to Fig. 58B), a signal corresponding to the
angle 01l is supplied into the CPU so that the CPU calculates the
angle 61 on the basis of a_step angle signal given from the
stepping motor 222 and the reduced output signal from the light
sensor 228 to thereby detect the direction (azimuth) éf the optical
axis as 01 (ST5).

Then, if the output of the light sensor 228 increases again to
return to a high output (ST7) when the rotation of the rotor 223 is .
continued, that is, when the fotation of the screen 224 is
continued, that is, when the screen 224 is rotated further by angle
A8l from ST5 (ST6), that is, when the screen 214 is rotated by 82 =
61 + A6l in total from the origin as shown in Fig. 58C, the control
circuit calculates in ST8 the angle (elevation angle) w= of the
optical axis on the basis of the following theory taking into
agcbunt this phenomenon.

That is, when the coordinates of the point of intersection

111



of the bottom side of the screen 224, and the gradient of the optical axis
are represented by (x, y), Rand a=tan(90 - [err]), respectively, as shown
in Fig. 64, the follow ng expressions (12) and (13) hold. {x - (R'2)}[err]
+ [err] = (R2)[err] ... (12) y = ax = {tan(90[err] -
[err])}xbetween the screen Q23) ahlde theobgptiaiads axdis Wf dhhet smmoitite dfength
I ntersection are given fromthe expressions (12) and (13). x = R/ (1 +

aferr]) of the bottom sidelbF ¥ha B%&@%n ZQher%hh the gradient. of the
..... On the other hand, z at the p0|nt (x, y) of intersection on

;Z;f?”%‘é? i@h, 4 %pgisreéﬁks hE3e) B, oy o SOB GERA 4 A

+ alerr]), .. . ..... Accordingly, fro he
expr essi ﬁ§p¥&'k)we 15) agn§hevs) 1n; Fdgangite @aeemjldv%@ésprfa% rﬂ?a
optical axis is given as follows. tan[err] = z/([err] + [err])[err] = a

(18andc¢dBdi hghgd. when the relation of the expression (13) is
substituted into the expression (18), the angle [err] of the optical axis
i s obtained in the{sare (rEaNe* asyhe erpression (11)...LernrJ(12)(90 - [err])
........ (19) 112 Accordingly, the angle [err] of the optical axis is

cal cul ated on y = ax = {tan(90° - Afl)}x ceenee (13)

The coordinates (x, y) of the point of intersection are given

from the expressions (12) and (13).

x = R/(1L + &%y el (14)

Ra/(1+a2) ......(15)

y
On the other hand, z at the point (x, y) of intersection on
the surface of the sphere satisfies the following expression (16);
x* + y® + 2% = rR? ......(16).
From the expressions (14) to (16), z is given as follows.

z = *Ra(l + a*)*"%/(1 + a®) _ ;.....(17x
Accordingly, from the expressions (14), (15) and (17), the
angle (elevation angle) w2 of the optical axis is given as follows.

tanewz = z/(x* + y*)*7?
= a ' ceee..(18)
Accordingly, when the relation of the expression (13) is’
substituted into the expression (18), the angle w2 of the optical

axis is obtained in the same manner as the expression (11).

w2 = (90° - A81)  deessee (19)
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the basis of the expression (19) as long as signals corresponding to [err]
and [err] are given to the CPU (ST8). As long as the angle [err] of the

optical axis is obtained, the height of the sun can be obtained under the
consideration of the mount position of the solar |ighting apparatus. ‘Wen

t he out put of stberbighlysetner addd eCont bF ithiesdptiealnaikilkegish daldiated on
reduced (ST4), the rotor 223 is controlled so as to rotate over the whol e

range untRgspLResr B0Ln223.ps oSEABACY18Y LA 1BHAPRY AZhaIST S0l ng

cl oudy weather 1s eC| n the case ere the rotor rotates over

t he whol hat a detec I on. out udy" is sent out. Wen the
r ot or g g ?Eg 8v r 2f e IWMEMe Paﬁ&& F%%iffﬁﬁﬁthout i ncrease of the

out put of the |ight sensor 228 (ST7) though the rotation of the screen 224
i s continued {STEPRG! Er thReaBGLFuL20P Lt KBl PRI CodndiS2ds obtaddifded the
(ST4), the CPU nakes a decision in ST12 that the angle of the optical axis
i s out oheilghtcofobhearsygs. ckn beeobisdnell undererdhedicomsideriad iomn s ridie
allowing the angle of the optical axis to be detected is very small, so

that themgoat! ppsbteohadgethe evthidedghtiag apparetiveh i s not used
practically. Thereafter, the aforenentioned detecting operation is

repeated. In hhenatg e%eg)k@nse EBod gRR sehlol % e 918 d 3die b

descri bed the case ere e stepping tors 222 113 excl usively
used for derIQg Lhe L 5823 %%%4?ndt%%3r%2%r8353 is controlled so as to

rotate over the whole range unless the rotor 223 is stopped by the
stopper 227 (ST9) and then cloudy weather is decided in ST10 in the
case where the rotor rotates over the whole range, so that a
detection output "cloudy" is sent out.

When the rotor 223 rotates over the whole range (ST1l) without
increase of the output of the light sensor 228 (ST7) though the
rotation of the screen 224 is continued (ST6) afﬁer the output of
the light sensor 228 is reduced (ST4), the CPU makes a decision in
ST12 that the angle of the optical axis is out of detection range.
In the case of fhis_embodimeht, the range not allowing-the angle of
the optical axis to be deteeted'is very small, so that the
unallowable range is excluded as a range which is not used
practically. Thereafter, the aforementioned detecting operatibn is
repeated.

In the aforementioned Embodiments 11-1 and 11-2, there has

been described the case where the stepping motors 212 and 222
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used, that is, the case where only the rotors 213 and 223 rotate
respectively whereas the light sensors 217 and 228 are fixed respectively.
The aforenentioned configurati on however nay be replaced, for exanple, by a
configuration in which a screen and a |light sensor are set on a rotor in a

sol ar | dgbi hSovePpanabaseberdk aking the soRbirghlBnanbli R23parsuised aind
sunl i ght every nnnent and in which both the rotor and the |ight sensor are

desi ghed %§$§u€5%£a Eggt %Eg gﬁ LHS Kuggesggggkggzggtghdcqa3bQOQ5t@ted

Being c bove, e so ting controller of Enbodi ment 11
has excellent effects as follows, . Because di r.egi,iL,0 n e of

t he optF%%Pe%R+§e%¥eWB§F§E§eHhﬁylé§%£r?FHﬁQFFCEggenglgkb %rghg %%gis of
the detection output of the |ight sensor arranged in a predetermn ne

posi t i onespechivebyat i Bhecafipeemgritdoppedt ﬁ'@nnfésb‘uraéﬁ&no OWRY € o By t he
prismangle of the rotor, the nunber of |ight sensors required to be set is

one. (2pefEscede toe dxamplegnbgnd eogifégak athienopni whlichxias scyeem ¢nd a
occasi on can be obtained easily by the CPU in accordance with predeterm ned

. ar'th”Eii§h€X§éﬁ§ék09§e05eth6nbastétgi tihe adgbaeli 06 ghttlipgt appae ateise Fioron
can be perforned speedily and accurately. In the solar Ilghtlng appar at us,

e oEaRLS opRt S0G108hE Rh BHile Bub@uid LRE BERTHONA! ebedytibnAlt, ha

obtalne as an r|t ion”is carried’out by the CPU in

relation betmeen 114 t he angl e _of thi gtlcal axi s _an otherdp% SHS
as dat eipfwhich both the rotor and the light sensor are designe O rotate

so that the exclusive-use stepping motor can be omitted.

Being configured as above, the solar lighting controller of
Embodiment 11 has excellenf effects as follows.
(1) Because the direction and angle of tﬁe optical axis are
detected by an arithmetic operation on the basis of the detection
output of the light sensor arranged in a predetermined position on
the rotation center axis of the rotor and on the basis of the prism
angle of the rotor, the number of light sensors required to be set
is one.
(2) Because the direction and angle of the optical axis in this
occasion can be obtained easily by the CPU in accordance with
predetermined arithmetic expressions on the basis of the detection
output, the detection can be éerformed speedily and accurately. 1In
the solar lighting apparatué, when the angle of the optical axis is
fqund, the height of the sun can be obtained as long as an

arithmetic operation is carried out by the CPU in relation between
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detection, etc. (3) The screen configured as in Enbodinent 11-1 (Fig. 56)
has an advantage in that the screen can be produced easily. In the case of
the screen 214 in Enbodinment 11-1, a region in which the direction and
angl e of the optical axis cannot be detected exists in the vicinity of the
hei ght othé hangle of fheuopfifalr pxikoanl ohbekeldghe stichhassdadenoifs
selected to be as considerably |arge as possible. In Enbodi nent 11-2, the
regi on igevbéefohheedbrection and angle of the optical axis cannot be
detected in the vicinity of the height of the sun of about 90[err] can be

educed g5 paliye COBPRLRACEhERGRIRATLECEL EhpbatheRt! B1LAC (F33C 4RS! Ralshan

hei ght o he screen Is s not -so large as Enb glnent 11-1,

because the spyrface of,the screen 224 is shaped.like a_sphere. Accordingly,
n Enbodt et tagd5tn hapR S EEERRR, pafy BenbERekEEE  2a%RE%k0i ar 11 ht | ng
control. (4) If in Enbodinents 11-1 and 11-2 the |ight sensor is nounted,
through a subkRrthe gasenhaf the sereepr 814t hB EmprAimepsollrd apr 48gdQni 4n

the rotation center of the rotor, troublesonme work of adjusting the center
of the swhiech the dheecthonranfl ahglki glit thenopticslnaekiseganned be t he
time of assenbling of the apparatus to thereby inprove producing efficiency

because géeesedcex0Etshen! tHbt vseNR9Eyand the henyAt oF the sahcof addukte

al i gned accurately. 115 (5) If the rotor and the screen are driven by

the;stepg&ngtﬂgﬁeﬁ the height of the screen is selected to be as
considerably large as possible. In Embodiment 11;2, the region in
which the direction and angle of the optical axis cannot be
detected in the vicinity of the height of the sun of about 90" .- can
be reduced greatly compared with Embodiment 11-1 even in the case
yhere the height of the screen is selected to be not'so large as
Embodiment 11-1, because the surface of the screen 224 is shaped
like a sphere. Accordingly, in Embodiment 11-2, there is
substantially no hindrance to solar lighting control.
(4) If in Embodimeﬁts 11-1 and 11-2 the light sensor is mounted
through a substrate so that the éenter of the light sensor is
arranged in the.fotation center of the rotor, troublesome work of
adjusting the center of the screen and the center of the light
sensor is not required at the time of assembling of the apparatus
to thereby improve producing efficiency because the center of the
1ight sensor and the center of the screen can be aligned

accurately.
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so that the required prismangle of the screen is detected on the basis of
the step angle of the stepping notor, the prismangle of the screen can be
detected speedily and accurately. (6) Because the detection of cloudy

weat her is based on a clear criterion as to whether the |light sensor is
shaded or5notIf tttee dediant | amd othe | scrdyeneat dedr twenbey pehéostegdping motor
automatically by a sinple apparatus. Accordingly, useful ness is|arge

conpar esgM ¢ & hene f &) rﬂ&ﬁe&ﬁ{;p@ Sfech® S¥PeBRASY @8CBELeAl ohhehe
| i ke. Enbodi nent 12 Enbodi nent 12 of the present invention which concerns a

oot hod (L LRENE Bedh g & Rkl DFLoNERY AOPORE! ERE2BP1ER XhBfe of
on the basis of Enbodi nents 12-1 to 12-$,fhomm in Figs fGA to 71. To neke
"t casy GHF (FRRESH &P (06 JeLSRteq aPerd TR And: AENTatelRe present

I nvention, first, second and third solar |ighting apparatuses are descri bed
now as t4% cdeeande gihatdeteekionl €. cloudy weather| yat bagedppar at adeari g.
66A shows the configuration of a first solar lighting apparatus.: In Fig.
66A, therifarimcasnunervteti?dd dvel PBghtlesegsat eii ssddeddosenond that
lighting prismplates, respectively, which are held so as to be rotatable,

for examdectidl Nt@duay Méathed NEsR bé 0L POrmés Sau BbRAEBcAY ChyTRY Dbe

herei nafter often

simple apparatus. Accordingly, usefulness is large compared with

the conventional detection due to eye measurement, or the like.

Embodiment 12

Embodiment 12 of the present invention which concerns a solar
1ighting controller using a distinctively characterized driving
method in a solar lighting apparatus will be described below
specifically on the basis of Embodiments 12-1 to 12-4 shown in
Figs. 66A to 71.

To make it easy to understand the respective driving methods
of the present invention, first, second and third solar lighting
apparatuses are described.now as typical configuration examples.
First Solar Lighting Apparatus:

Fig. 66A shows the configuration of a first solar lighting
apparatus. In Fig. 66A, the reference numerals 231 and 232
designate first and second flat lighting prism plates,
rgspectively, which are held so as to be rotatable, fof example,

horizontally.
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sinply referred to as "prisns” in the description of Enbodi nent 12) 231 and
232 are provided with triangular mcro prismportions 231a and 232a forned
under the |ower faces thereof as shown in Fig. 66B. Though not shown, a
gear is formed on the outer circunference of each of the prisns 231 and

232. The referrese DugRtdhy poismanglitésdewhgont magr becherkdhadier oF tiehe
prisnms 231 and 232, respectively. For exanple, each.of the drivers 233 and

234 i ncl Y1 ¢ PQEQ%réHC@ 852 BE£BRLAT HOLAE, dBsctiBelbhe of iRt 12)

a
driving g etc. (not sﬁomn). rivers 4 transmt torque o
the nmotors, through,the worm gears a he driying gears_to _gears provi
onthe otdks Shey 3% BFeneEevanehilh LhTabahlaRIndS3t; prdsh BhF APRs. Lila
lighting prismplates 231 and 232, respectivelg. The reference nunerals 235
and 236 ¥edi 33t cfesmedorndes thespeveryépges| fhereofads RHOWE dRe Fidt06$B.
included in the drivers 233 and 234 are , for exanple, stepping notors, the

cont r ol ' BhsugBSnabhdsB86ngeacgate is- fbamedcont the pultee sigceanferentieciofby
performcontrol the rotation of the stepping notors. The reference nuneral

237 desi gaghesfFachet beismbi 6B10hK8S28ach of the controllers 235 and 236 a
driving instruction to.set the prismangles of the Iighting prismplates

231 d 232 h 7 ALS. ' A CPU,
or the |ike. Sy arakepclhEndEpip;7aSTAbE, 254 cpBARARE BYAEOARY By

deterniqu_on t he basis of the height _and azinmuth of the sun every
riving the prisms 231 and 232, respectively. For example, each of

the drivers 233 and 234 includes a motor such as a stepping motor,
or the like, a worm gear, a driving gear, etc. (not shown). The
drivers 233 and 234 transmit torque of the motors through the worm
gears and the driving gears to gears provided on the outer
circumferences of the prisms 231 and 232 to thereby drive the
lighting prism plates 231 and 232, respectively.

The reference numerals 235 and 236 designate conﬁrollers,
respectively.'iin the case where the motors included in the drivers
233 and 234 are, for example, stepping motors, the controllers 235
and 236 generaté in-phase control pulsé signals to thereby perform
control the rotétion of the stepping motors.

The referénce numeral 237 designates a setter which gives each
of the controllers 235 and 236 a driving instruction to set the
prism angles of the lighting prism plates 231 and 232 every hour.

Therefor, the settér 237 is constituted by a CPU, or the like.

A program for calculating the current position of the sun
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hour on every date and cal culating the optimum prism angles of the prisns
231 and 232 correspondingly to the current position of the sun and a
program of instructions for driving the prisns 231 and 232 which will be
described later are stored in the setter 237 in advance. The first sol ar

i ghti nGieaneied o8| e tBEsPE 1 681 Ehé VhEIghE! BRd 8k ihli€hPbESERk EBMeBbe?
Is constituted by the aforenentioned parts 231 to 237. Also in the case o

Fig. 66 taj ! r r n r h ' pLYy SQ 0

i ne QS ey aEte S8 Ca PRI S G eRE BpECHER, BLERhY andTHs°82 tne
Apparatus:, A se d sol lighting apparatus i s configured as,shown in Fig.
o7 2 b i eng 24 and £52 correriondiialy ‘Bo' Ene PrrLenEopdRiEigh pRgthe
apparatus is identified by the sane reference character as in Figs. 66A _and
66B and Suie and 3 i PrePran hef ebnstructbengnfeor edrivhagr ther BRéEMFuUABLapNd37A
designates a setter which is simlar to the setter 237 in that it is
constit @32 Wyich GFil 1 dbve tdestr kised ALptegr anef stocalcibhathagseéheeeulB&ntin
position of the sun determ ned on the basis of the height and azi nuth of

the sun gkdnecdour on every date and cal cul ating the optimum prism angl es
of the 118 prisnms 231 and 232 correspondingly to the current position of

the The first solar lighting apparatus using the prism driving
method of the present invention is constituted by the -
aforementioned parts 231 to 237.

Aléo in the case of Fig. 66A, detailed structure and parts
such as a power supply, and so on, in the solar lighting apparatus
are omitted.

Second Solar Lighting Apparatus:

A second solar lighting apparétus is configured as shown in
Fig. 67.

In Fig. 67, the same structure as that of the first solar
lighting apparatus is identified by the same reference character as
in Figs. 66A and 66B and the description thereof will be omitted.

The réference numeral 237A designates a setter which is
similar to the setter 237 in that it is constituted by a CPU, or
the like.

A program for calculating the current position of the sun
determined on the basis of the height and azimuth of the sun every

hour on every date and calculating the optimum prism angles of the
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sun, a program (including a programfor issuing an instruction to turn over
a changeover switch 238 which will be described |ater) of instructions for
driving the prisns 231 and 232 which will be also described later, or the
li ke, are stored in the setter 237A in advance. The reference nuneral 238

desi gnat gsr s e Ed 3IR t E6r + EEhod DYg By Stbt ERet eantent pé8ariendof the
changeover term nals 238b and 238c. When the setter 237A issues an

instructi Oad;s.;]a ddoe {4 A& Bha Pl 52 P %ﬁaﬁ.%z?»}seﬁls Zanaﬂnb&?ﬁélﬂ?&hoﬂo

to turn the swtc ernlna angeover terntnal 238b or 238c is

gi ven to the changeov switch 238, t t he chan over .swite

turned oJeHm ﬁ%e'?e? e‘?‘?e’?fb%e?m%r%ﬁ”g%o‘@ %@é %h‘(‘tésw o'ﬁ?r‘aﬂs%f' aﬁﬁ% ﬁ }:gr) of
comon to the drivers 233 and 234. The controller 239 has the same function

as the cdistoryerionsstendpbeing the pebanand3kepids23d vhigRnwWillinke also
driving instruction fromthe setter 237A to either of the drivers 233 and
234 t hr odgsdihicbexhalmeew eroswihe hl 288, dhe rsit&Goédrini ghei sgtepalafAsinl n
t he second solar |ighting apparatus, there is shown the case where drivers
233 and ks provided as exclusive-use neans for driving a plurality of
lighting prismplates 231 and 232 and where a controller 239 is provided as

a conmon contr, ppa 0 ed
" adortion 1101 TEEESIRE G ERE 1 E At SRnYReRs R IR o Bt Bt B LS,
driving including a switch terminal 238a, and changeover terminals 238b and

238c. When the setter 237A issues an instruction to drive the
firsf or second prism 231 or 232, an instruction to turn the switch
termihal 2385 to the changeover terminal 238b or 238c¢ is given to
the changeover switch 238 so that the changeover switch 238 is
turned over.

The reference numeral 239 designateé a controller which is
common to the drivers 233 and 234. The controller 239 has the same
function as the controllers 235 and 236 in Fig. 66A and serves to
transmit the driving instruction from the setter 237A to either of
the drivers 233 and 234 through the changeover switch 238.

Third Solar Lighting Apparatus:

In the second solar lighting apparatus, there is shown the
case where drivers 233 and 234 are provided as exclusive-use means
for driving a plurality of lighting prism plates 231 and 232 and
where a controller 239 is provided as a common control means.

The third solar lighting apparatus is configured, in addition
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gears for driving the lighting prismplates 231 and 232 are provided in the
drivers 233 and 234 and that a comon driving el enent such as a notor, or
the like, is provided for giving driving force to the respective driving
gears, in which the driving element and the respective driving gears are

changed @ &hd ltonpiyureshion Cef Big el €T} résathsbasgeduet verakandsisihg
transmt a driving instruction fromthe setter 237A to either of the

priom g%a%feéi%% Sénﬁs?éigﬂﬂé‘%uﬁﬁ%ﬁ"%éﬁf%ﬁ‘ R 3T ee Yo t e
238 driyvi ._As I ' hi .th
rovi oi GFrided DB R Tohretn | 45 AT £ 180 Fhabca, SrRRRR: ki 4589 shoun
in Fig. 67 may be replaced by the provision of such exclusive-use

cont r ol lereinerds sih 5% NQ oh the likay ERppEPVEAed f9r19i{¥ing. 4 of

first, second, third and fourth driving nethods for a solar |lighting
appar at ulr ishiroh ficrce stod arthé | pespegt twatdoiving ofeahs, piesehichntbat doaving
will be described belowwith reference to Figs. 66A and 67 and the fl ow

charts siQedd ﬂ&%hé&é%@ti&&r@@ﬂwﬁ@tgé&é)af‘ef'cnaﬁgdaiw}eﬁ 8REBAGN

for a solar lighting apparatus as a Enbodinent 12-1 is now described with

Thi < or SRR o ST Re o b alysdYef et Bin Lo, E0FLEaREmILDa, [

shown in Figs. 120 66A and 66B and to the solar lightin arat us, shown
in Fig.4¥ﬁé%ng instruction from the setter 2§7A to egthergogpghe igghting

prism plates 231 and 232 to thereby drive either of the lighting
prism plates 231 and 232 through the controller 239, the changeover
switch 238 and the driving element. As for the controller in this |
case, the provision of the common controller 23§ and the changeéver
switch 238 shown in Fig. 67 may be replaced by the provision of |
such exclusive-use controllers 235 and 236 as shown in Fig. 66A.

Embodiments 12-1 to 12-4 of fifst, second, third and fourth
driving methods for a solar lighting apparatus which is a solar
lighting controller of the preéent invention will be described
below with reference to Figs. 66A and 67 and the flow charts shown
in Figs. 68 to 71.
(Embodiment 12-1)

A first driving method for a solar lighting apparatus as a
Embodiment 12-1 is now described with reference to Figs. 66A and
66B or Fig. 67 and the flow chart of Fig. 68. This driving method

can be applied both to the solar lighting apparatus shown in Figs.
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(the sane shall apply hereinafter). First, when the apparatus is powered on
so that the operation thereof starts (ST1ll), data of the current position
of the sun every hour on the date are read in synchronismwth a cl ock
included in the setter 237 or 237A so as to be selected fromall data which

have beersei Qirfttl d6B tdif] b tee 28014¢F 2Egit {] 1<ppa €@ dsReiny, ik hpiget 6er

237 or 237A first calculates a driving instruction for determ ning the

pri sm angl f gm%e ' | l.géal:l1li asis of the solar position data
read as etglce(r)isbe a%%gvl:f a%ﬁl;mves ﬁgsfd?%/?hg instruction to the controller
235 or 239. In,the case of .the apparatus, shown in ,Figs. 6 nd 66B, the.

si gnal of the%&ﬁ%ﬁWmﬁh?%t?Q&t?Qﬁg%iﬁ?ﬁr%ﬁt??w?¥%$§%€t§%dgéégtﬂ%ed??eﬁ?glon
233. In the case of the %? aratus shown in Fig. 67, the signal is

transni t ttderePd HLarts ef ) ¢ Hidkpy P Hehe awgeeRErPesi tpn a8, the sun
Accordingly, the first prism231 is driven by the driver 233 (ST13). After

the sett eved3d7 hmur2 33 thedaonfaresr¢ddit in heyhchson psm swi €3 la delockg
instruction is canceled, that is, the first. prism231 stops (ST14), a

second prifdMudied din HE sdetérCa3Profes BTN §6dadntd he bosl scobat Peoslah gl of
the current position of the sun at that point of tinme is given to the

Cont ok B Wl e hdlie ARUALLE OLLEOT B8 GO G811 e

shoun |0 FL9: liodingry . Wad "SALESH 90, 1S, S BIRTH LSS L1800 B VST a28ding
instruction for determining the prisﬁ angle of the first prism 231
on the basis of the solar position data read as described above and
gives the driving instruction to the controller 235 or 239. 1In the
case of the apparatus shown in Figs. 66A aﬁd 66B, the signal of the
driving instruction is directly transmitted to the driver 233. 1In
the case of the apparafus shown in Fig. 67, the signal is
transmitted to the driver 233 through the changeover switch 238.
Accordingly, the first prism 231 is driven by the driver 233
(ST13).

After the setter 237 or 237A then confirms that the first

prism 231 driving instruction is canceled, that is, the first prism
231 stops (ST1l4), a second prism 232 driving instruction determined
on the basis of the data of the current position of the sun at that
point of time is given to the controller 236 or 239. In the

apparatus shown in Figs. 66A and 66B, the instruction is directly

transmitted to the driver 234. 1In the apparatus shown in Fig. 67,
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changeover switch 238. As a result, the second prism232 is driven by the
driver 234 (ST15). After the setter 237 or 237A then confirns that the
second prism 232 driving instruction is canceled, that is, the second prism
232 stops (ST16), the driving operation of steps ST12 to ST16 is repeated
agai n. Ackerimsgtyction ikrstansdiseedndopthendrigérand428Branghditheen
intermttently and alternately so that the prismangles of the prisnms 231

and 232 @ﬁ&nﬂ%@ée&zsdleeht hggbasps af rbBE189! %epgébbhanpéa%ﬁ 2832e36h gRakvin
of time. odi ment 12-2) A second driving nethod for a solar lighting

appar at a n 2 | be described below wth reference to
Figs. 6 aﬁ%gqggg%ggF?ai é%TT%g ‘the flow chart of Fig. 69. First, when the
apparatus is omered on so that the operation thereof starts &ﬁTZl , d%ta
of the curremfp8Si thBnSBFtERe2ddnOBY ﬁyAhGBPnoﬁ°PﬁérE§t§ 3fke the, Fecen

synchronismw th a clock included in the setter 237 or 237A so as to be

sel ect edp¥ism 282 duivingi thshuuetbonnist oapdellpdyh&hest isr 2BR secR3AA
(ST22). Here;, in this driving nmethod, in the setter 237 or 237A, the

di spl acepeismA2®2 &bepsptsTab) AXtheCaPieingr opekAtioal efeatepecsTaR WoeST16
the first prisn1231 Is driven first is calculated on the basis of the
current QQ&%? €aagﬂta read as descri bed above (ST23), 122 and t hen
t he disp ace e optical axis center fromthe

Accordingly, the first and second prisms 231 and 232 are
driven intermittently and alternately so that the prism angles of
the prisms 231 and 232 are optimiied on the basis of the solar
position data at each point of time.

(Embodiment 12-2)

A secondldriving.method for a solar lighting apparatus as
Embodiment 12-2 will be described below with reference to Figs. 66A
and 66B or Fig. 67 and the flow chart of Fig. 69.

First, when the apparatus is powered on so that the operation.
therebf starts (ST21), data of the current position of the sun
every hour on the date are read in synchronism with a clock
included in the setter 237 or 237A so as to be selected from all
data which have been stored in the.settér 237 or 237A (ST22).

Here, in this driving method, in the setter 237 or 237A, tﬁe
displacement A of the optical akis center from the reference center
when the first prism 231 is driven first is calculated on the basis

of the current solar position data read as described above (ST23),
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ref erence center when the second prism 232 is driven first is cal cul ated
(ST24). Then, the value of the displacenent A and the value of the

di spl acenent B.are conpared with each other (ST25). In the case of Aler]B
as a result, a driving instruction is issued to drive the first prism 231

and then %{%@é@ﬁﬁ%%ﬂééﬁ@@é%(ﬁzﬁ%e 5%9985'1 ngkishouRctp ERSmf LRY

chart of Ing 1nstruction 1n ST26 I's executed i n accordance
with steps ST13 to ST16 shaown in Fig. 68, (in,thi ase, ;the lightipg.prism
ol at oo 2TPLRRENSS SHIERK (WASP ARG FERRRG PHE PRI IAnES HARRESD oE1FE 18
Enbodi ment 12-1 and the driving condition thereof is_not_described again&.
On the cafbahated, (324hse Henehe WRive Rt | HRe rdisplrcerentshegndothe
drive the second prism 232 and then drive the first prism 231 (ST27). The
driving ivesltueucifi drthe rdiSilac¢emenie ditace i compared@reith cepemcetioér s{ 8pas5) .
ST15, ST16, ST13 and ST14 in Fig. 68. Wen, for exanple, a wait tinme of 10

sec is then elgpsaft (AFS)of IAEB £ VA OUSsWPES 84 | @Piv Eng epRet fdct for Dr nal
sequence of steps ST22 to ST28 again (ST28). Accordingly, also in the case

or 1 sm pl A, T ALY LR preed 2 T | SheRte R8s cpPoehlpspom
the prism.angles of the prisns 231 and 232 are_optin zed on the basis. of
the sol art3foiFE datZheHoh Nt Fhown ofn the £how Cha’ﬁ:leogrfw nggsnét FB8 of
Enbodi nent 12-2 has a feature in that
driving instruction in ST26 is executed in accordance with steps
ST13 to ST16 shown in Fig. 68 (in this case, the lighting prism
plates 231 and 232 are driven alternately in the same manner as in
Embodimént 12-1 and the driving condition thereof is not described
again). |
On-the contrary, in the case of A>B, a driving instruction is
issued to drive the second prism 232 and then drive the first prism
231 (ST27). The driving instruction in ST27 is executed in a
reverse sequence of steps ST15, ST16, ST13 and ST14 in Fig. 68.
When, for example, a wait time of 10 sec is then elapsed
(ST28), the previous operation is repeated in a normal sequence of
steps ST22 to ST28 again (ST28).
Accordingly, also in the case of the driving method of
Embodiment 12-2, the first and second lighting prism plates 231 and
232 are driven intermittently and alternately so that the prism

angles of the prisms 231 and 232 are optimized on the basis of the

solar position data at each point of time.
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t he driving sequence of the first and second prisns is controlled to be
deci ded by conparison of respective driving sequences fromthe point of
vi ew of the displacenent of the optical axis center fromthe reference

center at each point of tine in order to conpensate for |owering of

accuracy in I ht| ri t f t t

( Enbodi nent 1 Eqvﬁ‘%d % ds ffmliﬁ?o? (;ee?HJ'a lségl arﬂ% at%\éﬁappar at utgg%s
Enbodi ment 12- 3 mnll be descrlbed belom/mnth reference to Flgs 66A aqELG B
or Fig. &heafgiviags seguansa ohithe ddrsty angy seeond Ryisng s e
apparatus is powered on so that the operation thereof starts (ST31) dat a
of the ctwor bet deedideidobyofcampa rsisone e yrespective Hir ideing sgegyentes nfrom
synchronismwith a clock included in the setter 237 or 237A so as to be

sel ect edtheopodhlt &F &iehi JT e diegl adenetrt ioF tiife ptiraldx i Earver
(ST32). In this driving nmethod, in the setter 237 or 237A, the noved

di st ance f e | e d “i3de | £n Big&Ed E4rst and
t hen thefsgg@on(i}%prrig?r%r%gizc eS'rl ver?tlt tsée‘iceld cp%f at e on the ba5| s of the _
current sol ar I ti ata stored. as_descri hed

sUbsequeREPPeRBRE iy B R Spor dr g i st o 2
prism 232 is driven first and then the first prism231 is drlven IS

cal cul at £8spdt3ff theeplteraatg ¢ isfingre noved distance C and the val ue of

t he noved distance D are conpared with 124 each ot her (ST35).
(Embodiment 12-3)

A third driving method for a solar lighting apparatus as
Embodiment 12-3 will be described below with reference to Figs. 66A
and 66B or Fig. 67 and the flow charts of Figs. 70 and 68.

First, when the apparatus is powered on so that the operation
thereof starts (ST31),.data of the current position of the sun
every hour on the date are read in synchronism with 'a clock
included in the setter 237 ér 237A so as to be selected from all
data which have been stored in the setter 237 or 237A (S8T32).

In this driving method, in the setter 237 or 237A, the moved
distance C of the optical axis when the first prism 231 is drivén
first and then the second prism 232 is driven is calculated on the
basis of the current solar position data storgd as described above
(sT33), and, subseguently, the moved distance D of the optical axis‘
when the second prism 232 is driven first and then the first prism
231 is driven is calculated (ST34). Then, the value of the moved

distance C and the value of the moved distance D are compared with

124



In the case of CJerr]D as a result, a driving instruction is issued to
drive the first prism 231 and then drive the second prism 232 (ST36).
Though not shown also in the flow chart of Fig. 70, the driving instruction
in ST36 is executed in accordance with steps ST13 to ST16 shown in Fig. 68.
On the cont ar* in(§ﬁ§ gase of CD, a driving instruction is issued to
drive th&3§8c8 Beﬁri ? Z and then drive the first prism 231 (ST37). The
driving instruction in ST37 is executed in a reverse sequence of steps
ST15, ST16, STN3thgdceses ofn GSyase@ rAsid tn & KL HnG: Ingaictinn denpl e,
a wait tine of 10 sec is then el apsed (ST38), the previous operation is

r epeat edissuadndaondr iseqddec € iafs ts paisnS PR tandST3eraghiive SIB8)second prism
Accordingly, also in the case of the driving nethod of Enbodi ment 12-3, the

first and3gecgnrdent.i SMhodgh ot Ahdwdl Q1D SN tHY e 16 teddty ddrig. 70,
alternately so that the prismangles of the prisns 231 and 232 are

optim ze n hasi f ol r%¥§§t4 : | iqe. In
addi ti on?h? h(eﬂ:g;ell\?ligné%ﬁgtrﬁtg}qg I'—}%bo | marﬁso - aé'éﬁ alﬁﬁaq(}:v%rﬁ%%@% n";ltﬁt
the driving se ce of e first ,and ,secaond prisns is controlled to be
deci ded B§895ng§igs R §F&%e @ v JFﬁViﬁgLsequences from the point of
view of the noved distance of the optical axis at each point of time in
order to conpPnsihe rontrexari ig dheacasea®f GPD/ ghtdmiy idtringtaruation s

aresult of the 125 alternate driving.
issued to drive the second prism 232 and then drive the first prism_

231 (ST37). The driving instruction in ST37 is executed in a
reverse sequence of steps ST15, ST16, ST13 and ST1l4 in Fig. 68.

Also in this case, when, for example, a wait tiﬁe of 10 sec is
then elapsed (ST38), the previous operation is repeated in a normal
sequence of steps ST32 to ST38 again (ST38).

Accordingly, also in the case of the driving method of
Embodiment 12-3, the first and second prisms 231 and 232 are driven
intermittently and alternately.so that the prism angles of the
prisms 231 and 232 are optimized on the basis of the solar position
data at each point of time.

Iﬁ addition, the driving method of Embodiment 12-3 has an
advantage in that the driving sequence of the first and second
pfisms is controlled to be decided by comparison of respective
driving sequences from the point of view of the moved distance of
the optical axis at each point of time in order to compensate for

lowering of accuracy in lighting characteristic as a result of the
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(Enmbodi nent 12-4) A fourth driving nmethod for a solar lighting apparatus as
Enbodi nent 12-4 wil'l be described below with reference to Figs. 66A and 66B
or Fig. 67 and the flow charts of Figs. 71 and 68. First, when the
apparatus is powered on so that the operation thereof starts (ST41l), data
of the cusrent osatlon of the sun every hour on the date are read in
synchrod#gﬂﬁﬁﬁﬁﬁk ttBtRIt ncl uded in the setter 237 or 237A so as to be
selected fromall data which have been stored in the setter 237 or 237A
(ST42). (Embodimemtvl2gsdhet hod, the area E defined by loci caused as a
result of novenent of the center of the optical axis between before and

after the drinefohrthedpivsng métheadfds2awselakheightihgpapparatiisi as
driven and then the second prism 232 is driven is calculated on the basis

of the(%Hﬁéﬁﬁméﬁ%aIzPDSWilP“anééséEQbéé b@lbbewiehtEEfGQEn@E %%7@1§§T4%EA
Then, the area F def |ned by loci caused as a result of novenent of

231 and 28 G0t rELaZoh] A5, ERREEOP SnRRSanoE bRz , ThnkBe e hSr."th“

231 is driven_js calculated (ST44). The_val ues of the areas E and F thus
cal cul at ed arBleShpaRen ke %HEﬂrBFﬂﬁr1?8?28?re9n09h§°c&QétOFhE[QPFFPt&§“a

result, a driving instruction is issued to drive the first prism 231 and
then(ﬁﬂthenémfs@t@muSptSEﬁ11266ata262 tsg46urrehbuphsmbioshofin thessunn t he
flow chart of Fig. 71
every hour on the date are read in synchronism with a clock
included in the setter 237 or 237A so as to be selected from all
data which have been stored in the setter 237 or 237A (ST42).

In this driving method, the area E defined by loci caused as a
result of movement of the center of the optical axis between before
and after the drive of-the prisms 231 and 232 when the first prism
231 is driven and then the second prism 232 is driven is calculated
on the basis of the current solar position data stored in the
setter 237.or 237A (ST43).

Then, the area F defined by loci caused as a result of
movement of the center of the optical_axis between before and after
the drive of the prisms 231 and 232 when the second prism 232 is
driven and then £he first prism 231 is driven is calculated fST44).

The values of the areas E and F thus calculated are compared
with each other (ST45).

In the case of ESF as a result, a driving instruction is

issued to drive the first prism 231 and then drive the second prism
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the driving instruction in ST46 is executed in accordance wth steps ST13
to ST16 shown in Fig. 68. On the contrary, in the case of E>F, a driving
instruction is issued to drive the second prism 232 and then drive the
first prism231 (ST47). The driving instruction in ST47 is executed in a

reverse f SRR uah 15 1P 114 F
this casz%%u\/\ﬁe@riﬁ@or exanﬁﬁ‘ ]é t %H?Q'"f ﬁanlég%a{}goéé%cfi& %@?\rgl af'sbi‘egg S%S) ,
t he previous operation is repeated i n_ a normnal sequenpe of stigg ST42 to

ST48 agaithe SFAg)ingaddvTRuRfiAen a’r’éos'fr"hs the eXRULRd iR AFA IR WOEN of
Enbodi nent 12-4, the first and second prisns 231 and 232 are driven

i nt ermi tmajw dla ST sshowp ithaBig hebdri sm angl es of the prisns 231
and 232 are optimzed on the basis of the solar position data at each point
of tine. In add tiheEn,cdnterary viiry thd hegbofof£riar} nendr ivi¥g hinssiluction is
advantage in that the driving sequence of the first and second prisms is

control | ggdfede A 4RI the CUIRSHA ¥ &t Zﬁp&?&'ﬁ’ﬁeﬂrdﬂ@@ €ﬁQUPPE§E bE 5

t he poi nt of vi ew of the area defined by |oci caused as a resul

o, comperch SHRATT o, DR GRS AR B 7R R0 Bt f‘e% %}g”der

result of the alternate dr|V|ng. The driving nethod in_the solar_|ighting
appar at u¥ e¥erediseguence of steps JFREINtSTHReRThh 3RA RFL4 iR tBHIt 008 he
af orenenti oned

Also in this case, when, for example, a wait time of 10 sec is

then elapsed (ST48), the previous operation is repeated in a normal
sequence of steps ST42 to ST48 again (ST48).

Accordingly, also in the case of the driving method of
Embodiment 12-4, the_first and second prisms 231 and 232 are driyen
intermittently and alternately so that the prism angles of the
prisms 231 and 232 are optimized on the basis of the solar position
data at each point of time.

In addition, the driving method of Embodiment 12-4 has an
advantage in that the driving sequence of the first and second
prisms is controlled to Ee decided by comparisoh of fespective
driving sequences from the point of view of the area defined by
loci eaused as a result of movement of the center of the optical
axis at each point of time in erder to compensate for lowering of
accuracy in lighting characteristic as a result of the alternate
driving.

The driving method in the solar lighting apparatus according
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enbodi nents. For exanpl e, although the enbodi nents of the present invention
have shown the case where the current position of the sun is detected in
synchroni sm between a cl ock and sol ar position data every hour on every
date stored in advance in the setter 237 or 237A, the invention can be

applied 4Q, e GHEsder trhdertlbn 0% £8001 {hPPed UEgNBRE HPaPEMEHEROABGAN
optical axis sensor, a light quantity sensor, or the like, is provided in

t he solarl'éﬁuiéﬁkapparatus so that the current position of the sun every

|
hour is<§ﬂ9: At %y an arithnetic operation control and storage neans

such as a CPU, or the like, included in the setter 237 or 237A on the basi,s
of the detect BRF R¥IRISF Hehpeh chire sqpodimengfit ofubhei Pyegentpinvention

sunlight every hour in the place where this apparatus is set. Although in
t he sol arhadverahown dgparcase wheve tie FCgsregtAposéBiandoé7thengnn is shown
the configuration in which the lighting portion is arranged so that the

respect i \etdddd nich Sy Edh bRl St 166 Bwé Oh 3§ e61oBk | endekdlaor pashtabhydathe
arrangenent of the lighting prismplates constituting the solar |ighting

t | n ReiP f
appar al usvERy ol S &ﬁr&éegpg%&%a iR 436aREL! LROLRANELELER. 28YCor0

t he buil e solar lighting apparatus is applied. That is,

bl ot o5 2 Syed Be o EnEitt, S be apBELFRFEQSERS CREE Hneron: REnPoSH ot

the building instead of the aforenentioned
condition judgment means such as an optical axis sensor, a light
quantity sensor, or the like, is provided in the solar lighting
apparatus so that the current position of the sun every hour is
calculated by an arithmetic operation control and storage means
such as a CPU, or the like, included in the setter 237 or 237A on
the basis of the detection output of the optical axis or light
quantity of the sunlight every hour in.the place where this
apparatus is set.

Although in the solar lighting apparatus shown in Figs. 66A,
66B and 67, there is shown the configuration in which the lighting
portion is arranged so that the respective lighting prism plates
are rotated while held horizontally, the'arrangément of the
lighting prism plates constituting the solar lighting apparatus may
be changed correspondingly to the éetting condition, etc. of the
building to which the solar lighting apparatus is applied.

That is, there may be thought of a solar lighting apparatus

having lighting prism plates arranged, for example, obliguely with
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lighting prismplates arranged horizontally or a solar |ighting apparatus
having lighting prismplates arranged vertically on the wall portion of the
bui l di ng i nstead of the aforenentioned |lighting prismplates arranged

hori zontally. The lighting prismplate driving nethod of the present

I nvention i SQ AR ol.ar: {4 I 4 r ' .
| ghti ng S SRESn 57 A, Fpf df R rd G At QRRFIGE nd Wded e ioned
descri bed .,above. Al thou Enbodi nent 12-1 has be descri bed, upopn, the, case
Gher e thd i BRESHG, R 6 FAA TR SIRF At AR aTE B oo GRRLAhal 9P RS

is, the first prismis driven and then the second prismis driven, the
present pppaseites daying ddghtdng enism lstaharangedrienticaklyironvethe n
order of ascending, that is, the second prismis driven and then the first
prism i swadilvgortion lof then Hdid diage iwlettend lofeethoy afumenpntsivthed elighting
arranged, there may be thought of a driving nmethod in which the prisns are

driven | pr3aal Bl 204t e dd hd GRSV NI PPN D Sk 'pLd @t 1S,

an internediaté prismis first driven and then upper” or |ower prisns are
dri ving SeuveRe.retfell o B Hhedannar B oD € sl B S 8 6ee
Enbodi ments 12-2 to .12-4 need not be perforned in the sequence in the flow
chart sh8@hafnlEgddingg apparptus,haning the HORYRG ARFYIR BiQyided jeith
be nodified so that the procedure of 129 t he sequence ST23-ST24 is
repl acedthy fhghfiogepurismfpliatessequranged as described-abpve.
Although_Embodiment 12-1 has been described upon the case
where the first and second prisms are driven in order of
descending, that is, the first prism is driven and then the second
prism is driven, the present invention can be applied to the case
where the prisms are driven in order of ascending, that is, the
second prism is driven and then the first prism'is driven.
Further, in the case where three or more prisms are arranged,
there may be thought of a driving method in which the prisms are
driven in another sequence than the'descending or ascending order,
_that is, an intermediate prism is first driven and then upper or
lower prisms are driven. |
Further, the calculation of initial data for comparison
between driving sequences from the predetermined point of view as
shown in Embodiments 12-2 to 12-4 need not be performed in the

sequence in the flow chart shown in Figs. 69 to 71. For example,

the flow chart of Fig. 69 may be modified so that the procedure. of
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ST24- ST23 and t hen conpari son between A and B is made in ST25. Although
Enbodi nents 12-2 to 12-4 have been descri bed upon the case where a wait
time of 10 sec is provided in each of the steps ST28, ST38 and ST48 before
the cycle is shifted to the next one, the wait tine can be set variously in

accor danggs VdguoRedSstoLEotel bl PEpRhasa. bEOkneX prBLRauLEe otithe! iEuBHLe

be set to be 1"mnute. Ideally, 1t pre fromthe point of view of

| mprove ghting, characteristic,that th ST48 i g omit t hat
o Che B ST A ﬂ'eeae?smpmﬁaagne ReeBnBodhich: & 2nBodehdtn 525t  hed
upon the case mhere two lighting prismplates are used as the plurality of
li ghting prishphraegh Bpb 3§@ﬁ“gﬁ lﬁezlggh@?né Bavei bgent esgrabedt upon the
i nvention can be also applied.to the case where three or nore |ighting
prismplciss wvhereravwaibt timeesfrifedeabdsepromitied daseamhepd theecsteps
nore lighting prismplates are arranged, the lighting prismplates my be

~ desi gnedsezs | het38 h@naISQnsaﬁdféecéoaﬁel bgBLENgsPEhSFLRHALBS the he&kt one,
af orenent i oned enbodlnents are sinply replaced by the first, second and

third |i [ €5e 0 h ng.,.p d
met hod |§¥%Wﬁ%hpa p ura t?eo% f.gﬁf#ﬁgg%?ugﬁ1%F§?§§g§§§ r?&ehbéggoﬁé ggf

o DX ey D L e te oL e o At sR L B LAR 1305, i
minute.

Ideally, it is preferable from the point of view of
improvement of lighting characteristic that the step ST48 is
omitted, that is, the wait time is set zero.

Although the embodiments have been descfibed upon the case
where two lighting prisﬁ plates are_used as the plurality of
lighting prism plates arranged in the lighting portion, the present
invention can be also applied to the case where three or more
lighting prisﬁ plates are provided as described above.

In the case where three or more lighting prism plates are
arranged, the'lighting prism plates may be designed so that the
first and second 1ighting p;ism plates in the aforementioned
embodiments are simply réplaced by the first, second and third
lighting prism plates 6r that lighting prism pates are driven by a

" method in which a plurality of lighting prism plates are driven as
one set;

For example, the driving method in the case of three lighting
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I's possible to use a driving nethod which is applied to a conbination of a
plurality of lighting prismplates such that the first and second prisns
are driven first in ST13, the stopping of the first and second prisns is
then confirmed in ST14, the third prismis then driven in ST15 and the

t ' d Light
stopp! ”grﬂ’é dé:ﬁ‘&%é‘%é@'d\g{s%;fr%ésdég&iw& uansﬂnﬁ?dﬁﬁﬁﬂﬂsﬁz L9 ‘rﬂgtp&bsmlt

pl ates a ove, the solar |ght|ng contr ol of
Enbodi nent_ 12 h xcellent effects as fg# g é% En éhg case wher e
excl usi ve-IRPTFIRAS sERSR oAt $0FYLPE PREPRY: VR fﬁv?ﬁg 88 Blurality
of lighting prlsn1plates as_shown in Flg 66A, the lighting rlsn1glates

are not droninatien tefcdurlyrabitvrefe lGhtéFﬁ1PFéﬁPIPlaﬁﬁsaﬁﬁéhn haty thg

a predeterm ned sequence as described above in Enbodinments 12-1 to 12-4 so
t hat bot KEirtst caphcsegomd phispeowere sdppvgnafiir sheinadThdm tbesstegping of
el ectric power can be reduced by the intermttent driving. (2) In this

case, by ¢l OOyt Sakd @éc@ﬁﬂr‘?ﬂlﬁhéVfé €heAEBbALEYABAaSNTBIrRaS, tBe therd
| i ke, of a smaller nunmber (inclusive of 1) than the nunmber of the |ighting

(i nel uSi JE 195, ‘ﬂin"{‘ﬁﬂ‘?\%ﬁﬂéﬁf SR Che R EORp g ol TPt YR Bk Lom 1

Fig. 67, there arjses, addition to the effect of reduction in the
capaci t y SARTHISH R ﬁty and power saving, an effect that the cost of

the 131 apparatus is reduced by the reduction_of the nunber of driver
Because lighting prism plates are driven as described above,

the solar lighting controller of Embodiment 12 has excellent
effects as follows.
(1) Even in the case Qhere exclusive-usé drivers and controllers
~thereof are provided for a plurality of lighting prism plates as
shown in Fig. 66A, the lightiﬁg prism plates are not driven
simultaneously but driven intermittently and alternately in a
predetermined sequence as described above in Embodiments 12-1 to
12-4 so that both the capacity of the power supply and the maximum
consumed electric power cén be reduced by_the intermittent driving.
(2) In this case, by the provision of common driver elements such
as motors, or the like, of a smaller number (inclusive of 1) than
the number of the lighting prism plates and the provision of
changeover means of a smaller number (inclusive of 1) than the
number of the lighting prism plates as shown in Fig. 67, there
arises, in addition to the effect of reduction in the cabacity of

the power supply and power saving, an effect that the cost of the
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el ements or controller elenents correspondingly, if the common driver

el ements or controller elenents are used so as to be selected by the
changeover nmeans when the lighting prismplates are driven. (3) Further, if
t he aforementioned driving nethods (1) and (2) are carried out after the

driving %ﬁﬁﬂﬁﬂ&@héﬁiéfﬁéddéﬁﬂiﬂ@ Phé SPedhet £6nt 8£bDEhEr huRBekNber artitent | y
as shown in Enbodi nents 12-2 to 12-4 is discussed in the predeterm ned

poi nt of i [ r RN ' eristi by
ot or m (e 6 R b Efdneh Py (OPLRBARRATRALL T 1 E LhL COUAGH
conpensated for wthout hindrance fo practical use. (4) If a wait tine is
providedqq+%fﬁw%ﬁﬁ@?ﬁﬁ§pré%§%ﬁ%%4%e€i%%e?%ﬂbﬁ ﬁgesﬁﬁ PR BRetStBBs ST28,
ST38 and ST48 in Figs. 69, 70 and 71 before the driving operation carried
out in tRelrckediiby thexhangeepentneanpcvhencthgclégbting prigmopdpsesonre
in the steps of intermttently driving the lighting prismplates is

conpl et ed@r itk Jtaxi mum consuned el ectric power can be reduced nore greatly
while the accuracy in lighting characteristic is nore or |ess |owered

correspondi NglpiAthd e ¥Ri¢hd | fFor GO OREE dBiFIRGIhEBAbA43(2) hRA (2) are

present invention which concerns an origin detector in a solar |ighting

poct 11 caithy i il 2R 'R AP B R A Ehed' 85 Re CETGR L RH BRI RH prgtes
72 through 77C.
o be driven intermittently as shown in Embodiments 12-2 to 12-4 is

diécussed in the predetermined point of view, lowering of accuracy .
(in lighting characteristic) caused by intermittent driving is made
little so that the lowering of accuracy can compensated for without‘
-hindrance to practical use.
(4) 1If a wait time is provided in a practically reasonable time
range as shown iﬁ the steps ST28, ST38 and ST48 in Figs. 69, 70 and
71 before the driving operation carried out in the preceding steps
is repeated when one cycle of driving operation in the steps of
intermittently driving the lighting prism plates is completed, the
maximum consuﬁed electric power can be reduced more greatly while
‘the accuracy in lighting characteristic is more or less lowered
correspondingly to the wait time.

Embodiment 13

Embodiment 13 of the present invention which concerns an
origin detector in a solar lighting apparatus used in a solar

lighting controller will be described below specifically on the
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(Enmbodi nent 13-1) Enbodi ment 13-1 of the present invention wll be
described with reference to Figs. 72 through 75. Fig. 72 is a perspective
vi.ew showi ng the nmount condition of a micro switch. In Fig. 72, the

ref erence numeral 240 designates a ring position driven lever. Aring

positio t eCl 4 1451 rpha y | ded anggn e ver
240. A gﬁgﬁﬁgngg?”%%%% %réa;%p}iﬁ% %%ghbiﬂgﬁgc%ﬁtﬁgéfevg? gﬁgé?éha??gched

to a fix ortio 4 d a rotary shaft 240b which serves as a ful crum
for turn 94&??£b§¥£§ﬁ8 are provi ded on the base side of the |ever 240.
The ring position detection roller 241 is arranged so as_to be_in contact
with a rotar Enbefimert wh3th of | theecpresert bbaventéen whtlrbecdenceinader al
244 designates a nmechanical type mcro switch; 244s, a contact of mcro
swW t ch avi4kh aref @ecanto ZRids . 912 dehpbugkes7ar r aRjed @2 bst h pedepeotivke
contact 244s, respectively. In order to guide the operation of the contact

244s by wiewdhbwind| tip¢ mddnthésihaitibn ber dgsaicbedsvaten. for Bxguplhe,
t he gui de plates 244a and 244b have curved surfaces. The reference nuneral

2440 desiignal @ AU ed £ M 161 4041 R 55 05 Oc 81 605 Péfon B S0GHN b0er

Fig. 75, a li Ing prismplate 251 in"this enbodi fre IS conflgure
t hat ,

mater i afh (RO B dEreoRiof £FTeE PR f5 SreFatahiT crfaridgasaap

art angedensdo oafS _t:fhoe C{eoxrsesr 123430.. }-\rhslp?rit.r?g tggatr_—_e lllgaceggptasggre}.ng 243 by which
the lever 240 is attached to a fixed portion 242 and a rotary-shaft
240b which serves as é-fulcrum for turning the lever 240 are
provided on the base side of the lever 240. The ring position
detection roller 241 is arranged so as to be in contact with a
rotary ring 257 which will be described later.

The reference numeral 244 designates a mechanical type micro
switch; 244s, a contact of ﬁicro switch 244; and 244a and 244b,
guide plates arranged on both sides of the coﬁtact 244s,
respectively. In order to guide the operation of the cpntact 244s
by an origin roller 245 which will be describeq later, for example,
the guide plates 244a and 244b have curved surfaces. The reference
numeral 244c designates an output terminal of the micro switch 244.

As shown in Fig. 75, a lighting prism plate 251 in this
embodiment is configured so that, for example, four holding plates

258a to 258d formed of the same material (polycarbonate, or the

like) as the lighting prism plate 251 are arranged so as to cross
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Dat e:>-each ot her-as shown in Fig. 7§'hiaaistﬂlerrébiﬁc'embﬂg§nééty rotate the
lighting prismplate 251 and a rotary ring,257 arranged outside the
lighting prismplate 251 and provid ,0 a#y:t e concentric with the

lighting pri,s e_g25 ggar ¥ [ ' % t(eﬁ'r% t t

T eferenc&o%dh@%&éﬁg %lrlloépgﬁ7§2%i's pr\gg\% A:'gt(f':r'g%yt r@ 0 erﬂgiﬁlrﬁt eer eﬁg%

of the rotary ring 257 so_that the rotary rin%l{z 7 s ied with torque
froma diihgligingRprdsnapbate R8dadnsh & oket Yo5d Nl o 3f L8 putside the
reference character S designates a support frame for the*fotary ring 257.

Ret ur ni nQLitghtHings . pr ¥8A phdté3B51t hade phowiidegs sar @spdics e tdoncentonsc with
showi ng the state of arrangenent of an origin roller. In Figs. 73A and .73B,

the refengnee iyHeiRy gébsepharat @51an origin roller which is rotatably
provided in the | ower end portion of a support plate 246a of a nount

fitting 246 jch | cri' %E | | ows-. : g1 A6, |
conposed of a &g?%és'q%E - 8 §Z‘df'["grde's\'slfflj'l;r é%eszi{gé‘%%tféa, an‘g%a%sgfc%lé%rrl]%?l y
C-shaped support pl.at ! —Avertical ti,on of the pressuyre plate 246a
s 11 xed NURGHAY AF Wﬁﬁmﬁﬁ%w&s Y %ﬂgt%yﬂ?% rfgu%%% by
driving a screw 247a'into a screwhole [err]. A horizontal portion of the

pressur e gt feifence pfit the rbéarypeinn@SH schdhadpddve yotary 22iohg a7
fixed to an edge portion 257b of the rotary ring 257 by driving a screw

247b int %u%l%@'@:?tﬁeﬁé}:qﬁ@d £23ms @ 3l itle JUARS YR AL dddation driver

o
el
£,

g

259 rotates. 1In Fig. 75, the reference character S designates a

Lol

support frame for the rotary ring 257.
‘Returning to Figs.. 73A and 73B, these drawings are perspective
views showing the state of arrangement of an origin r&l#er.
In Figs. 73A and 73B, the reference numeral 245 dééignates an |
origin roller which is rotatably provided in the lower end portion
- of é suppéff piate 246a.of a mount fitting 246 which is'degcribed
as fqllows.. | | | | |
- : The mount fitting 246'is composed of a legless chair-shaped:
pressure plate 246a, and a sectionally C-shaped supportlplate 246b.
A Qerfical portion of the pressure plate 246a is fixed to an inner
" circumferential wail 257a of the rotary ring 257 by driving a screw
247a'into a sérewholé b;. A horizontal portion'of the pressure
f"piéte'ZQGa;is put Sn'fﬁé uppe£ eﬁd of the suppért plate 246b and
:fi#ed'tb éhfédgg'portiOﬁ 257b of ihe.fdtaty'ring 257 by driving a

scréw 247b into screwholes bz and bs so that the pressuré plate
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246a and the support plate 246b are united into one body. The origin roller
245 is provided at the |lower end of the support pltate 246b so as to face
the contact 244c of the mcro switch 244. In this case, the nount position
of the origin roller 245 is set so that the origin roller 245 nakes the

contact 2443 QRY Al ‘gﬁ%ﬁf}egﬂttﬂ%yﬁéﬂ‘%ﬁﬁd dPLAIES dife DARF! Ui PHe

opposite to the conta mcro switch 244. The origin position
det ect or of, Enbodi nent -1 of the present invention is configured as

descri be&’%@dw?e.“’#ﬁgro t’i%r?rd?‘”t‘fﬁéiﬁfi Jiltf podrs ogrf“ﬁe €c‘il'b$ gypport plate
Enbodi ment 13-1 will be described below with reference to Fig. 75 as wel |

as with Rd6lr secas corifgse e wonhagt 243c @F sthe ihicrerawiteh ndlds7 In
rotated together with the lighting prismplate 251 by the rotation driver

259 showthiis Eage ,7 TheBacause positthion axft asieorot igihasel ber t240 b$ sée so
| ever 240 is pulled by the spring 243 as shown in Fig. 74A, the |ever 240

i's rai sedndt Wi diSyitf dddotay idiadd 2Ocavtdcf U2 £44NdpLEL0E diligh Yehe

pressing force due to the spring 243 is given to the ring position

o 5L SHPPETATNS St 00 o1k Spiodt 100 8, asprader

In the en ion~of t ever , SO that t _ 1T i1s drivento
ot at | on 243 RS R Rk PR ARA the or i gin rol ler 245 come (o the
position opposite to the contact 135

The origin position detector of Embodiment 13-1 of the present
invention is configured as described above.

The operation of the origin position detector of Embodiment
13~1 will be described below with reference to Fig. 75 as well as
with feference to Figs. 74A through 74C.

First, the rotary ring 257 is rotated together wiﬁh the
lightiné prism plate 251 by the rotation driver 259 shown in Fig.-
75. Because in this occasion'the base portion of the lever 240 is
pulled by the spring 243 as shown in Fig. 74A, the lever 240 is
raised up ﬁith use of the rotary shaft 240b as a fulcrum.
Accordingly, pressing force due to the spripg 243 is given to the
ring position detection roller (hereinafter referred to as "roller"
simply) 241 provided in the end portion of the lever 240, so that
the roller 241 is driven to rotate by the rotation of the rotary
ring 257.

Accordingly, when the rotation of the rotary ring 257 makes

the origin roller 245 come to the position oppoéite to the contact
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244s via the guide plate 244a of the mcro switch 244 as shown in Fig. 74B,
the origin roller 245 pushes the contact 244s to nake the contact 244s
operate so that an origin position detection signal is sent out fromthe
output term nal 244c (see Fig. 72). Because in this occasion the contact
244s i s2pasheilauphasgab@enpilatei g4434Bf the mived 2404 tchl 2UaS a¥ iy in
countercl ockwi se with use of the rotary shaft 240b as a ful crum

Accor dipghy, 7hBg BAE! BY1G#A k813bECPABCRLALLNEHEP ohRaRhe 24l lt%v‘ﬁlral%A')c}:he

. further countercl ockw se: a resu he rolle 1 I's i nstantaneous
separated fro outer circu rence of .the rotary ri 257 .as shown .in
o Tugntagh eRfe Bb8Fote! Y Bl BR: Ruioib, BBl tion Aleedha%y Raar 1s
rol l er 245 passes through the guide plate 244b, the pressing force given to
the cont@Rt 9ulstreBnthReodtPyEntesminplo244gi 868849 A2dordingly, upon
reception of the pulling force of the spring 243, the |l ever 240 rotates

cl ockwi se arBeoauseeinothiy etaebdsiddObhescantaktr 244 sAd sa pusheld upt las | ever
240 i s pressed against the outer circunference of the rotary ring 257 by

the spréWgwR4ena@dgh 2sBshene 18vErJ2404€otalekhal ihhe 150bah té4tlotkfilseen
to rotate by the rotation of the rotary ring 257. As desScribed above, in

hi ' kD I Qi 2 ' h . ' 7
So as toEe Gy 126 eerEPkAyophaEe daoboad HOENTEAR,  (B<CRERIRGLY] che

contact 244s o §he nicro‘smﬁéch 244 whjch is operated by the origin roller
245 whetPiHag 1443 1s stretched to thereby rotate the lever 240 further

counterclockwise. As a result, the roller 241 is instantaneously
" separated from the outer circumference of the rotary ring 257 as
shown in Fig. 74B.

Wheﬁ the rotary ring 257 further rotates so that the origin
roller 245 passes throuéh the guide plate 244b, the pressing force
given to the contact 244s from the origin roller 245 disappears.
Accordingly, upon reception of the pulling force of the spring 243,
the lever 240 rotates clockwise around the rotary shaft 240b as a
fulcrum. As a result, the lever 240 is pressed against the outer
circumference of the rotary ring 257 by the spring 243 again as
shown in Fig. 74C, so that the roller 241 is driven to-rotate by
the rotation of the rotary ring 257.

As described above, in this embodiment, the origin roller 245
is attached to tﬁe rotary ring 257 so as to be united with the
rotary ring 257 into one body whereas the contact 244s of the micro

switch 244 which is operated by the origin roller 245 when the
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rotary ring 257, that is, the lighting prismplate 251 reaches the position
of the originis arranged in a predeterm ned position together with a body
of the mcro switch. In this occasion, the ring position detection roller
241 integrally attached to the micro switch 244 is always pressed agai nst.

t he rot arotarnogr g dy7) hehaprisg €48 Lbghtghgt peikmvplaé0250d rbkathebkethe
roller 241 is driven to rotate by the rotation of the rotary ring 257

conti NUQHSE i ¥ é%r@ﬁ&'6ri§¥ﬁni§na§P§n§@§eiﬂh§r rb88tbPRiAeqf phRiRILAN Of
the rotary ring 257 changes™and the cenler of rotation thereof 'is displaced

fromits initial center O of rotation, the |lever 240 ig,totated clockwse
or *count 6191 P TEM 8, Rady 1oF) Boarfiekdrevwiheh- actn Fke: BrernipBe pohee
to the actual change of the |ocus of rotation of the rotary rin% 257 so,
that thef HhtRRIIbIOR deteqbiancrollor: ¢4l 2intagealiyt atsacheds ter Shet mécro
operating position where the contact 244s and the origin roller 245 are in

cont act switcheadd cidecalwahsispresbeedeagainset vthet hethogusing BbFabiothef
the rotary ring 257 is coped with. Accordingly, in this enbodi ment, even in

the casesphiie 24% thObGGRItRE | BEVOL ap£0 0ot BRatOLtAGYroLDEri 34defigr gedven
because of thermal expansion, or the like, the origin roller makes the

or g dab Ty GhEHe £ AERRR Br One EREDYy CPLRGL 257 o RIS RbRRS T (R,

f th ri gin. E i n 13-2 and 13- 1 : :
of t e<%| ésulé,r%%ﬁ“rfhtghe3casg'ghegeB%heBZocus of rotation of the

rotary ring 257 changes and the center of rotation thereof is
displaced from its initial center O of rotation, the lever 240 ié
rotated clockwise or counterclockwise around the rotary shaft 240b
as a fulcrum in response to the actual chénge of the locus of
rotation of the rotary ring 257 solthat the contact 244s of the
micro switch 244 does not come off from the.operating position
where the contéct 244s and the origin roller 245 are in contact
with each other. Thus, the deviation of the locus of rotation of
the rotary ring 257 is coped with.

Accordingly, in this embodiment, even in the case where the
lighting prismlplate or the rotary ring is deformed because of
thermal expansion, or.the like, the origin roller makes the contact
of the micro switch operaté to thereby detect the position of the
origin accurately when the lighting prism plate passes through the
position of the origin.

(Embodiments 13-2 and 13-3)
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Enbodi nents 13-2 and 13-3 of the present invention shown in Figs. 76A and
76B will be described below. In each of the drawi ngs, parts of the sane
structure as in Enbodinment 13-1 are identified by |like reference characters
in Figs. 72 to 75 and the description of the parts will be omtted.

(Enmbodi nent  13mbbdAment@M13-2 i 18548 dhany igidsdrit | Bivelidi o Ushiéyen t Dn
the rotary ring 257 side by using the nount fitting 246 in this enbodi nent:

is the s as wl ' < 13- t [ diffe en this
enbodi rre% £id 7@%?@?@&?%}?% ib;e %lésf%{a}tebﬁedgrliéﬁg’ po]g t%%%?%f\%%fl ever
240 of Enbodinment 13-1 as means for i§gforting the rin (gfsitioqhgetection
rol | er 28Fa¥i89SHe BArGS Anittheh same istnughir& Pyt ‘1":5‘&1‘ ingngilj-1 are
mechani sm 248 conposed of links 248a to 248c. In Figs. 76A, the reference
char act eideatifiledddy dridee rfaflananne sthharacters|ireFigsk TRdrinlsmrd gthe
Also in the case of this enbodi nent, because the origin roller 245 makes

t he cont delscz4pxiohn dfe thee parid Will 124k aeittiedt o t hereby detect the
position of the origin when the rotation of the rotary ring 257 nakes the

| i ghti ng (RnbodiRledlite 13830 the position of the origin and because the
paral l el 1nk nechani sm 248 operates in response to the change of the | ocus

o oL 20 g B 3, R K PR B0 4 Wl 0 e
conpensa&g%a;grr%%ga%S%S%ide by using the mount fitting 246 in this
embodiment is the same as in Embodiment 13-1 but the point of
difference between this embodiment and Embodiment 13~1 is in that
the ring position driven lever 240 of Embodiment 13-1 as means for
supporting the_ring.position detection roller 241 and the micro
switch 244 is replaced by a parallel link mechanism 248 composed of
links 248a to 248c.
In Figs. 763, the reference characters g to h designate
fulcrums of the parallel link mechanism 248.
Also in the case of this embodiment, because the origin roller
245 makes the contact 244s of the micro switch 244 operate to
thereby detect the position of the origin when the rotatibn of the
rotary ring 257 makes the lighting prism plate reach the position
of the origin and because the parallel link mechanism 248 operates
in response to the change of the.locus of rotation of the rofary
ring 257, the positional relation betweeh the contact 244s of the

micro switch 244 and the origin roller 245 is compensated for so as
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not to be changed. (Enbodi nent 13-3) This enbodi nent is configured as shown
in Fig. 76B. This enbodinent is different from Enbodi nents 13-1 and 13-2 in
that the origin roller 245 is rotatably attached to the nount fitting 264A
provi ded on the rotary ring 257 side and having a |l ength which is extended
toward t cent rotation of the rotary ring 257 by the thickness
of the n?%?ogng%CELSQQQQﬁd'in that a slider nechani sm 263 is provided as
nmeans for_s orting,the ring position detection roller 241 and the mcro
swi tch ZﬁﬁmggﬁF§e§FiaéFg&echanisn1263 is configured not only so as to be
guided toward the center of the rotation of the rotary ring 257, for

exanpl e, by t®bisorgbpdimentidsargnfdgused agpsbownsiay F4924998Bnd 260a
inserted into the | ong holes 249 and 260 and supported to a fixed portion
242 but - al so Thissembolidmentkéd Had fiflee ehitx €ad omo Embod ifved tisy 1Spili eyl ABE2arich
262. Because the ring position detection roller 241 provided in the slider

mechani sghg€3thba6kigiie rehaege 225 tiﬁerb‘%%lt%b(lfyl ra(tttl%bih@a @b ithe mudty ring

257, conpensation is“made so that the positional relation between the

d
contact #8255, ABAN"VEES M B RS BRI RIREAT F SRS o,
des e e AR Cunen L e S e T Bnaed Woward thd center of the fotaidch of ke "
rotary ring 257 by the thickness of the micro switch 244 and in
that a slider mechanism 263 is provided as means for supporting the
ring position detection roller 241 and the micro switch 244.
This slider mechanism 263 is configured not only so as to be
guided toward the center of the rotation of the rotary ring 257,
for example, by two long holes 249 and 260 and support shafts 249a
and 260a inserted into the long holes 249 and 260 and supported to
a fixed portion 242 but also so as to be linked to the fixed
portion 242 by springs 261 and 262. Because the ring position
detection roller 241 provided in the slider mecﬁanism 263 tracks
the change of fhe locus of rotation of the rotary ring 257,
compensation is made so thét the positional relation between the
contact 244s of the micro switch 244 and the origin rollef 245 is
not changed.
(Embodiment 13-4)

In each of Embodiments 13-1 to 13-3 having been described

above, as an example shown in Fig. 75, the rotary ring 257 is
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provi ded outside the lighting prismplate 251 so as to be concentric with
the lighting prismplate so that the position of the origin of the lighting
prismplate 251 is detected through the rotary ring 257. In this

enbodi ment, there is shown an exanple of configuration in which the

posi tiong P&vi&@d%h%ﬁ!dgf tthll,i'g Qihﬁgglh'sﬁn ladle€ 253 U @ lop G ected by

using the aforenentioned techn t he present I nventi on even in

the case _where, the ro (. 1ls not atta hed t e i htln prls

bl at & 2595 "‘?ﬁ'f“éréﬁbt‘la&ﬁeﬁt‘emﬁ?P%génﬁe?&l?ﬂ‘eg R st Bl
77TA to 77C. In _each of the_draw ngs, parts_of the sane structure as in
Enbodi nekhe 18r ighneofdthei Lighthngl prd smepdpdec @5dhdsadedestiad mihyoughy the
74C and the detail ed description of the parts will be omtted. In this
enbodi nenotatyierbngglh7rol l er 245 is rotatably provided in an end portion
264a of the nmount fitting 264 which is arranged in a reference position as

the origin of thhenost embelimeAtsr eRkiral eorshb% @h eRRnip1@hid N Edid igidd tilch
251 so as to be above the surface of the lighting prismplate 251 as shown

face of TRerESniRssBoBT iBn2BePBL kISR BF ek TAGHCINS BT Pl 1o
hear| Secdgaaﬁet&pﬁessétgﬁnﬁﬁﬁﬁsiégéEﬁaﬁéééTg TR e
mcro switch 244 is nade to operate by the 140
the present invention even in the case where the rotary ring 257 is
not attached to the lighting prism plate 251. This embodiment will
be described below with reference to Figs. 77A to 77C.

In each of the drawings, parts of the same structure as in
Embodiment 13-1 are identified by like reference characters in
Figs. 72 to 74C and the detailed description of the parts will be
omitted.

In this embodiment, the origin roller 245 is rotatably
provided in an end portion 264a of the mount fitting 264 which is
arranged in a reference position as the origin of the outer
circumferential portion of the lighting prism plate 251 so as to be
above the surface of the lighting prism plate 251 as shown in the
drawings and so as to be projected from the outer circumferential
face of the lighting érism plate 251. Further, the micro switch
244 is provided on an upper side 265a of the prism position driven

lever 265 nearly C-shaped in section and is arranged so that the

contact 244s of the micro switch 244 is made to operate by the
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origin roller 245. Further, the prismposition detection roller 266 is
rotatably provided on the lighting prismplate 251 side of t'he | ower side
265b of the lever 265 and fixed to the fixed portion 242 through the rotary
shaft 267. The reference nuneral 268 designates a spring which is designed

so that Qﬁtiqﬁ'ig# Yed e P13 £40 POS|E LS AT ENEpt BURT pBEDL L 8n " @68EEEi Bht Polser Of

the rotary s t 267 as a fulcrumby the spring pressure of the spring 268

but al pri 4 det [ | I 266 | ]
ci'rcunt e 15 TSI bR RE FeOrEr g pr T AT prag coBLSREEEREE 25 L0 of
pressure of the spring 268. In the case where the rotary ring is,not ) _
at t ached &he tlawey ghide2§b of prhe cleesndlm apdt ﬁ’r%e@n%%dr'ﬁ%n?,lx?ﬁepﬂﬁf-é?“

circunferential portion is preferably forned to be thicker than other
portions 242 sttmough they. rafary nshoafier26?. i Mtheacefehence rengenabf 268e
lighting prismplate 251. Also in this enbodi nrent configured as descri bed

above, ewibighdtws cssprired awhidlet LAt dOi Pr6dr Soi thabendbconlpf thet prisem
of the lighting prismplate 251 because of thernal expansion, or the |ike,

the pri SrBo%}VS&iHrPrhxdfx}é/r?n.lhé@é/@r2@§515%12?69$@é§dw§{:9(33¥‘éSSfO{Ehe rotar¥rshaft

count ercl oc se around the rotary t 267 as a fulcrumso as to ack
the fluct ion of the |ocus.,,As a result, conpensat] ' e t
position r &5td o‘ﬂ’]b%’i%%ytme CIRE Y BYGES n?etﬁfg {r:nggr%sgg\nggc%§§4§ngnaig8
the origin roller 245 is not_ changed. The origin position detector in the
sol ar |idhe my i pegikiandetection roller 266 is pressed on the outer

circumferential portion of the lighting prism pléte 251 by the
spring pressure of the spring 268. |

In the case where the rotary ring is not attached to the
lighting prism plate as shown in this embodiment, the outer
circumferential portion is preferably fdrmed to be thicker than
other portioné as shown in Fig. ?7c in ordér to increase the
strength of the lighting prism plate 251.

Also in this embodiment confiéured as described above, even in
the case where fluctuation occurs in the locus of rotation of the
lighting prism plate 251 because of thermal expansion, or the like,
the prism position driQen lever 265 is rotated clockwise or
counterclockwise around the rotary shaft 267 as a fulcrum so as to
track the fluctuation of the loéus. As a result, compensation is
made so that the positional relétion between the contact 244s of
the micro switch 244 and the origin roller 245 is not changed.

The origin position detector in the solar lighting apparatus
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according to the present invention is not limted to the aforenentioned
enbodi nents. For exanple, although each of Enbodinents 13-1 to 13-3 is
configured so that the origin roller 245 is arranged bel ow the inner
dianeter of the rotary ring 257 and that the contact 244s of the mcro

switch 244 is arranged,bel ow the inner diameter of the rotary ring 257
corr espoﬁ&fzﬁéﬂ}"tgo%ngihﬁoﬁrﬁscﬁ?etoflqwt&ﬂrbilns MY e‘\t’l%%",'é f‘hé/e ifi)rF%sent

i nvention can be applied to the case where the origin roller 245 is

ar r anged afiosementd ongde emiioghimentsyf the rotary ring 257 and where the
contact 244s of the mcro switch 244 is arranged above the outer dianeter

of the rotaryRorngxzZmpley radimnucn@ach oof IEmlpndinerots cdf3thetorldnd il | er
245 as shown in Enbodi nent 13-4 shown in Fig. 77A. Al though Enbodi nent 13-1

shown i nchn@iguedd dy thit Rase kA dESEIhad 209N § her £asgedSE Bow heneount

fitting 246 is conposed of two parts, that is, a pressure plate 246a and a
ot ai ned B0 Sin e tite dths, ndtdfid At "B s NREESNS cORGREEILte of
L e ROk 0k 4 S A g 300
springs 261 and 262 are provided, these |ong holes, support shafts and
springs FRfasy rdndacddd iwpraespaingie torddhe pppitiahaf thel 9rkgbpring.
Simlarly, Enbodinent 13-4 nmay be nodified so that the origin 142
' roller 245, the present invention can be applied to the case where
the origin roller 245 is~arranged above the outer diameter of the
'rotary ring 257 and where the contact 244s of the micro switch 244
is arraqged abéﬁe the outer diamete; of the rotary ring 257
correspondingly to the position of the origin roller 245 as shown
in Embodiment 13—4 shown in Figq. 77A.

Although Embodiment 13-~1 shown in Figs. 73A and 73B has been
described upon the case where the mount fitting 246 is composed of
two parts, that is, a:pressure plate 246a and a support plate 246b,
the mount fitting 246 may be composed of one part obtained by
uniting the two parts 246a and 246b into one body.

Although Embodiment 13-3 shown in Fig. 76B has been described
upon the case where two long holes 249 and 260, two support shafts
249a and 260a and two springs 261 and 262 are provided, these long
holes, support shafts and springs may be replaced by one long hole,

‘one support shaft and one spring.

Similarly, Embodiment 13-4 may be modified so that the origin
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roller 245 is attached toward the | ower face side of the outer .
circunference of the lighting prismplate 251 through the nount fitting 264
and that the prismposition detection roller 266 provided in the prism
position driven | ever 265 correspondingly to the origin roller 245 is

arr anQEdf.bg.%%rpgiiSt A M hed SRR A t{l‘{kgr]!% %{hﬁdé hee | 4D to e Prism

plate 25 opposite to the origin ro as for Enbodi nent
13-4, vari,ous changes c e de. For exanple, th i.sm positi,on driven
Fover 20 iTEymES LedIe bl G A DSHANE 0 o Bt S SRR | $5F it
paral l el 1ink mechani sm 248 of Enbodinent 13-2 shown in Fig. 76A or by a’
sl i der nmfdik&dingm2&idriangt thatt tes|prdem mashidiiam S o L Ehol Fht 268- 3

shown in Fig. 76B. In the aforenentioned enbodi nents, the present invention
can be alpzovddeld de tthen padlsar gasjittiiong dpipseratlevdra\i 6y ¢cavrespomdingly to
lighting prismplates provided therein. In this occasion, one origin

posi ti on ¢fat eEtie AT FHasy iduer 1aPAHe ddydd 18 L PhaBitsn ide P WATSH the

correspondingly 'to each of the lighting prismplates. The relation between

the diregt] f th rJ,sm in.the l4 i ' t
posi ti oni% %{}hgagrel S’.‘ﬁ tatge 53{11%}]‘?% t[ﬂ:el%lr aél\]n‘a(r;gggs %%lr pﬁ"z@r@%ﬁﬁ% e
enbodi nents i's shown as an exanple but the relation is not limted to the
exanpl e. OF#P4dN FQd@IuddI-he position of the origin i s decided on the basis
of the position of the lighting prismplate position detection roller or
the position Fa¥ther, as for Embodiment 13-4, various changes can be made.

For example, the prism position driven lever 265 may be repiaced by
a parallel link mechanism similar to_the parallel link mechanism
248 of Embodiment 13-2 shown in Fig. 76A or by a slider mechanism
similar to the slider mechanism 263 of Embodiment 13-3 shown in
Fig. 76B.
In the aforementioned embodiments, the present invention can
.be also applied to a solar lighting apparatus having two or more
lighting prism plates provided therein. 1In this occasion, one
origip position detector as described above in the embodiments may
be provided correspondingly to each of the lighting prism plates.
The relation betweenlthe direction of the prism notches in the
lighting prism plate and the position of the origin as shown in the
drawinés for the'respectivé embodiments is shown as an example but
the relation is not limited to the example. This is because the
position of the origin is decided on the basis of the position of

‘the lighting prism plate position detection roller or the position
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of the ring position detection roller as well as the arrangenent of the
origin roller and further because the position of the origin can be

adj usted al so by control neans such as a mcro conputer, or the |like, which
i s arranged separately to generate a drive control instruction to control

the driver ofhé heihg OposDgidhi a8teteien Bellgrpasvivded wst Bhehareangement of
position detector 1n the solar |ighting apparatus, the solar |ighting

control 'nge Or#%f%ﬂg%ﬁgérlgnaagu?i?ﬁgy sea?séae%a ?Bs&@khﬁv"éf thk E@qgﬁe a

mechani ¢ Is used as neans for detecting the position of the
origin instead qi.a %ight sensor mthh I s a conventional ogtical detectin
means, HEBR Pesidiumted; 1FAPLaCRATERL REENFLEHED; 8518 PLERCOFORRIEG g ©
the function of the mcro switch caused by the tenperature in _use of this
type appdhratlbike( Zhightihe preangedi aeparabalyatpr gspepaset poArdveecondsol
roller or aring position detection roller is arranged so as to be al ways

driven tingotwdeidy tdhecontedl obhefdaivegbti theplightphgt prasmaplatary ring
which rotates together with the lighting prismplate in a concentrica

position out spdlend NSrb¥ SHeaNGi BRI ENLPLRL§inFPHENEE onadBEeeRLROS K kB doi1uen
| ever or a ring position driven |ever provided with the detection roller

hat “oven PhEIAL ket 8106 £ HRE polE LTuRB Ao, BRSS! TEr) By ERRBATACRLY

pl ate or the rotarg ring fluctuate,_ the |lever tracks the fluctuation of the
144 has excellént effects as follows.

(1) Because a mechanical micro switch is used as means for
detecting the position of the origin instead of a light sensor
which is a conventional optical detecting means, heat resistance is
increased so that there ;s no risk of damaging the function of the
micro switch caused by the temperatufe in use of this type
apparatus. |

(2) In the present invention, a prism position detection roller or
a ring position detection roller is arranged so as to be always
drivéﬁ to rotate by the rotation of a lighting prism plate or a
rotary ring which rotates together with the lighting prism plate in
a concentrical position outside the lighting prism plate. Further,
a prism position driven lever or a ring position driven lever
provided with the detection roller and an origin roller is
provided.. Accordingly, the lever is designed such that even in the
case where the locus of rotation of the lighting prism plate or the

rotary ring fluctuate, the lever tracks the fluctuation of the
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|l ocus so as to rotate around a predeterm ned shaft as a fulcrumw th the
assi stance of a spring so that the positional relation between the origin
roller and the contact of the mcro switch is conpensated for. Accordingly,
the position of the origin of the lighting prismplate can be detected

al vays peois al&! ¥s reaaféi{séé ftohh8 &' pebuatibeninbat BRakecHs af fudcaiimon
t her eof caused by the tenperature condrtion, or the like, both in the case

where the lighti e_i ranged n n o a

vhere \WFoh Gl 8aPELRLE' ko SpRLhnIat PR EE ok BBt 5 1R © the
l'ighting prismplate. (3) Accordlngly the I|i htlng Baracterlstl f

sol ar |bg¥veeRy a?é%ﬁsncéﬁlaﬁﬁa9§dh§hﬁ sPak §tcﬁ r& FeWF§FPc§Wl%E§ i 146
A solar |lighting apparatus conprising: at least first and second |ighting
pri sm ptanpsnsated abdby. arranged and spaced apart by a predeterm ned

di stance, wherein prismangles of said lighting prismplates are controlled

correspondi nEdy¥ot@iRg¢} Jbhe 2pdsaEisht B£otheherdgtinsoft khe ddghitding prlsm
refracted by said lighting prismplates is output in a predeterm ned

directiof,an M“ﬁéeggﬁétédf am andcaaeqpdill 9@ hpa1RsESBEPkakes satisfy
at lea one o7 oW ng condit | ons 1) and (2):
fluctuation of the locus of rotation thereof caused by the_
temperature condition, or the like, both in the case where the
lighting prism plate is arranged alone and in the case where a
rotary ring is arranged so as to be concentrically and integrally
with the lighting prism plate.

(3) Accordingly, the lighting characteristic of the solar lighting.

apparatus can always hold stable characteristics.
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[err] - (1) [err] L " (2) vherernferr]l
represents a first outgoing angl e between outgoing [ight EM”!ﬁy ' : I

to the first lighting prismplate when objective |ight rahA ”ﬂ’"ﬂ}(]@ylﬁi”
hei ght of the sun are output fromsai d4érst |ighting prism (gl ate, » w o

represents a second outgoi ng angl e between outgoing light and a |ine normal
to the second |ighting prismplate when |ight rays at a second hei ght of

the sun are out dut frOK‘§%ﬁ§r5ﬁﬁ%ﬂiihhgQkpgid@ﬂéﬂadﬁﬁﬁféi d [err]

represents a perm ssible range of 1 ncide angl es t hrough I ch said second

l'ighting prism gtajgasen £ies¢0ahtose’kdnd? 1i4htdndy pridht ipKh e Fetd€ably
according to Claiml, wherein mcro prismportions are forned on either one

of or eachapfanged anh@stpacedsapart byglat predetesmipleal ehistance f owliérein
opposite to an This is the replacenent sheet i ncident face of the

| i ghti ng pprismpangiesnofhsadidr aighdingfl prismd@iatiesylre aontrdlled\ sol ar

|'i ghting apparatus according to Claim 1, wherein mcro prismportions are

formed on eprrespendingdypset mohedghsaandomzdmudh iofhtthey suni so pfthats, a

di stance of displacenent S is provided between an end portion of

i noper at i vBuRbightorefrackedr bypspifh pdohtdng prisme nliafies g Rutoupiine
and an end portion of inogperative faces of the mcro prismportions of the

ot her |ightiPgedetermppgdedizeckirniamdddi stance of displacenent, Sis

det erm ned _
- wherein said first and second lighting prism plates

satisfy at least one of the following conditions (1) and (2):
(|6H| + |eL|)/2 > (90° - ba) ' (1)
|6H| = |6L| : (2)
wherein 6L represents a first outgoing angle bétween outgoing
light and a line normal to the first lighting prism plate when
objective light rays at a first height of the sun are output
from said first lighting prism plate, 6H represents a second
- outgoing angle between outgoing light and a line normal to the
second lighting prism plate when light rays éf a second height
of the sun are output from said second lighting prism plate,
and fa represents a permissible range of incident angles
through which said second lighting prism plate caﬁ be

controlled.

2. A solar lighting apparatus according to Claim 1, wherein micro
prism portions are formed on either one of or each of said first

and second lighting prism plates so as to be opposite to an

This is the reptacement sheet
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inarange of 0 < S <P (P prismpitch) so that the tran

maxi m zed. 4. A solar lighting apparatus in which at gmﬂ"wummm ml
prismplate is rotatably arranged in a lighting portlon and & pplsn1ahg *e
(angle of rotation) of said lighting prismplate is controlled-

corr eSpOBHbE‘SéMtt Qab@eohe'tﬁ@ 1&%1:@.?1&3”‘&:*15&“ PRt esUh the fAlrddtonibd ght
refracted by said lighting prismplate goes out in a predetern ned

dlreCtIOEncTQgﬁgl éne EQ eratlve face angle a of each mcro prismin said
mcro prismporti i ong of s id lighting prismplates satisfies the follow ng
expressions: [err]  _ . . . ......(3) [err] .., . ... I n which

[err] repr ese%t §°¥ﬁé hOBGing ARBRE a&u) %@cﬂr&Hﬂgng}Oprqlé"rhmpllat é"ﬁftr e

| owest height of the sun, and [err] represents the 147 out goi ng angl e of
the i ghmeOpprsﬁmppatreanSt psehifgmed losi die dowere fage portion off sach
l'i ghting apparatus according to Claim1l or 4, wherein when a plurality of

l'i ghti ngopr satdpllaghtiagepeien plalteast aoﬂaslﬂa@h:te f @riisphagenrentud rig a
material different in Abbe nunber is mxed in the plurality of |ighting

prism pl gtggiabaapaedekn Eheehﬂgﬁb&ngBOBE'Q%od@ratr@é“ﬁd@éé'dﬁ“ﬂHEJmlcro
apparatus according to Caimb5, wherein when two lighting prismplates are
used, aspQLQB”BbQ%EoRQ 8f %ﬁe llghtlng prism plate and an end portion of
inoperative faces of the micro prism portions of the other lighting
prism plate so that said distance of displacement S is determined
in a range of 0 < S < P (P: prism pitch) so that the transmittance
is maximized. |
4. A solar lighting apparatus in which at least one lighting
prism plate is rotatably arranged in a lighting portion, and a
prism angle (angle of rotation) of said iighting prism plate is
controlled correspondingly to the height and azimuth of the sun so
that the sunlight refracted by said lighting prism plate goes out
in a predetermined direction; wherein
the inoperative face angle o of each micro prism in said micro
prism portions of said lighting prism plates satisfies the
following expressione:
90° < a = fe cesea(3)
n S o S 0 ‘ e (A)
in which 6 represents the outgoing angle of the lighting prism

plate at the lowest height of the sun, and 6» represents the
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i ghting prismplates, one nenber selected fromthe group of
met hacryl ate, pol ynet hyl pentene, norbornene resin, and am)rprnHm“mlmlllH“l
i's used for one lighting prismplate and pol ycarbonate is used Tor itha s
other lighting prismplate. 7. A sol ar |ighting apparatus according to

daiml SitdoiNgCiRyledobi ghel eLERELAYCPPRER! bRhteSHEN tAS RILNeRiDORAGBL of
excellent in machi ning property and weather resistance is used as a
naterialtﬁgr %SCh said lighting prismplate. 8. A solar |ighting

appar at us e ding to daim1l or 4, wherein in order to prevent the
surface reflection of |light rays, each said lightin rismplate is coated
with at Peastofeleabalis t%ﬁ?e?PBPrﬁtFFuBFFﬁédﬁyﬁetgnE#PéFlECPFoﬁ'fWPﬁFeln
having a uni formthi ckness. 9. A solar |ighting apparatus according to

d ai m 1 whent, a ppburabiltyi ofi dighting/ poidsr pletedr avenysedl datndeasthonai d
l'ighting prismplate, said driver/holder including: 148 a drive neans

having a1 f§hving peléRrpiater @behyng MatdribdhbiifgepentMipl AbBeOAuMBR DA S
of a predeterm ned control instruction corresponding to the height,

azi nmut h, s Pressu =1 hoal [ i.d
T onti ngnEea 0 LAE pYErafibh OO EQHERRG pOLSR BISLES' pkrangRn) If Re
supporti saj d Iightin prismplate froma side opposite to said pressure
means. TOPIDERY POFEHPET ng apparatus provided with said |ighting prism
pl ate driver/hol der according to Claim$9, wherein: '

6. A solar lighting apparatus according to Claim 5, wherein

when two lighting prism plates are used, as a combination of said
lighting prism platés, one member selected from the group of-
polymethyl methacrylate, polymethylpentene, norbornene resin, and
amorphous polyolefin is used for one lighting prism plate and
polycarbonate is used for the other lighting prism plate.

7. A solar lighting apparatus according to Claim 1 or 4, wherein
a high-refractive material, such as polycarbonate, excellent in
machining property and weather resistance is used as a material for
each said lighting prism platg.

8. A solar lighting apparatus according to Claim 1 or 4, wherein
in order to prevent the surface reflection of light rays, each said
lighting prism plate is coated with at least one coating layer of a
fluorine type antireflection film having a uniform thickness.

9. A solar lighting apparatus according to Claim 1 or 4, provided
with a driver/holder for driving/holding each said lighting prism

plate, said driver/holder including:
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said pressure neans is constituted by at |east one pressure rol
giving pressing force to said lighting prismplate from onecmm Bﬂpimmm“\
el astic force of a spring supported to a fixed portion; sai *
is constituted by at | east one pair of driven rollers which are arranged in

predet erm nedapﬁgi;,ieo;},%_aggp ivti“r‘xgt% %@i@iﬁm&e%ﬂ’e{ Cﬁdferr@d%i"}%géthiré’t ate

together with the rotation of said lighting prismplate while I n said
predeterm,ned.positi.ons to,there syppart the pressing f.orce of said

P essur e LLBRFARS PE1SR" pake Ao iAo SoRhoma & BRI SNEFEY ht i ng
prismplate driver/holder according to Claim9, wherein said drive neans

has a noibBptryetipn gerresonddindortee the thed alvt viazdmwih eretft + f |Sheyrsun;
indirectly, a sunlight condition detector for detecting the condition of

movenent of thepsesssrehmeanseifgt elazthaallyetpreskihg saifd tlhisglstimg gudi sm
setter such as a mcro conputer for receiving a signal fromsaid sunlight

condi ti ogideteetem and @iiveRdangcontrol instruction to said notor. 12. A
solar lighting apparatus provided with said lighting prismplate

driver/hol der _a L.0g | (W] | A 'Qﬁﬁ 3. first
torque trans masgﬁghg%gaﬁtseggugcﬁog]s%gt\gggrbei&]cﬁ@ g’&rﬁ%rﬁﬁ]}l Cl rlcéﬁéarflesr{%e
of said diiving roller, .and a second torque transni ssion nmeans such as a
gear proPt8E8 SROEn20GLEE OPPOSAES &Rc S PLEFFUFh MG Sori sm pl ate or an
out er

10. A solar lighting apparatus provided with said lighting prism

plate driver/holder according to Claim 9, wherein:

 s§id pressure means is constituted by at least one pressure
roller for giving pressiﬁg force to said lighting prism plate from
one side through elastic force of a spring supported to a fixed
portion; |

said support means is Qonstituted by at least one pair of
driven rollers which are arranged in predetermined positions
opposite to said pressure roller and which rotate together with the
rotation of said lighting prism plate while kept in said
predetermined positions to thereby support the pressing force of
"said pressure roller. |
11. A solar lighting apparatus provided with said lighting prism
plate driver/holder according to Claim 9, wherein said drive means
has a motor for giving rotation force to the driving roller
directly or indiréctly, a sqnlight condition detector for detecting

the condition of movement of the sun such as height, azimuth, etc.
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C|rcunference of a concentric ring united with said I|ght|n
for receiving torque transmtted by said first torque transf Hlmmmﬁmnllll
so that said lighting prismplate is driven on the basis of eccom O
instruction given to said drive nmeans. 13. A solar lighting apparatus

accor di nge tghdd i lakd 4. s@f@é‘t degcMi 48 a }niahbl Bempukem Ebat eebelidengf ar
hol ding said lighting prismplates by using a plurality of holdlng pl at es

T ont g TS, b SEE cayrifiafls SPaf8 b1 8 uEPeRRBE, B> R Iy R cinis ol

plates are idly nounted on_a netal rotary ring through insertion or
stoppagéﬁﬁ?ﬁqqﬁﬁpﬁwEﬁl%@H@§@%ﬁ?ﬁteIy so that differences in
expansi on/ contraction due to thermal expansion coefficients of said holding
pl at es ditk saA csdiaghtlighpingnapparatusaproeidedovbbl. sasd Aigbkangl pghsimng
apparatus for a skylight, conprising a 150 i ghting neans for performng

l'i ghti nicaid ePrsht NgbYaée ddcoh@indt tandlazny| hwhéreha sdidt Beidier petinen
of light rays of which changes every nmoment with respect to a skylight for

taking sige ld dhted 01900 qualner £hdn 284 foh | HOLKBISHERNS S gﬁt §8LECRr80140a! ofNén

lighting prismplate |s arranged or a plurality o ing prismplates

ot cdot e bRk Ghat M e (b S LarBt el greELar or rBR, pl aPESPE” FBrabea (o

thereby obtain opti mumincident |ight corresponding to the height and

azi mut h t9fanspisgipn means such as a gear provided on an outer
circumference of said lighting prism plate or an outer
circumference of a concentric ring united with said lighting prism
plate for receiving torque transmitted by said first torque
transmission means, so that said lighting prism plate is driven on
the basis of the control instruction given to said drive means.
13. A solar lighting apparatus according to Claim 1 or 4, provided-
with a lighting prism plate holder for holding said lighting prism
plates by using a plurality of holding plates made of transparent
resin.
14. A solar lighting apparatus provided with a lighting prism
plate holder according to Claim 13, wherein said holding plates are
idiy mounted on a metal rotary ring through insertion or stoppage
fittings provided separately so that differences in
expansion/contraction due to thermal expansion coefficients of said
holding plates and said lighting prism plates éan be absorbed.

15. A solar lighting apparatus for a skylight, comprising a
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16. A solar lighting apparatus for a skylight according to Caim

wherein a light distribution plate is arranged in the outgoi nqr‘wﬂﬁ“mma“““‘“‘
l'i ghting neans so that diffusion of |ight can be changed by co Jidw s+
liquid crystal orientation in a light outgoing portion on the indoor side.

1T B oof Alnd {08 2PGE 2LUBeb PO ROTALT BRLLBRLBHEINLANALS ihe

rotatably arra In a I ng portion“or a g. prism
plates are rotatably arranged in.said |jightin Qrtio t (ntervals of a
br edet erM S (G ARETIUERGOR FRESAPANEE BETESEROPREY AdanEng 28R O yhich
is-controlled correspondingly to the height and azinuth of the sun so that
t he sunichimgesfeverydndyerticHitherespactngopri shkypighs §owss teltingn sky
predeterm ned direction; said solar |ighting apparatus conprising: an

origin rpigiet pidworedwhereinesgeiantegheshyi meant ds dormedcisoc thibher ente al
portion of the lighting prismplate as the origin 151 of the lighting

prism p!ﬂ&m@iné‘%ﬂéﬂiﬁl&@é' £5 QEPthéé bP & pelieheney BQ?htib]ﬁ'%tiﬁﬂig Prism

outer circunferential portion of a rofary ring as the Oorigin o

l'ightin [l t h ofary [l I §. ar.al/l r QVi . the
outer(ﬁhéﬁﬁéénéﬁge§5¥gfﬁﬁél?ﬁ%t%ﬁgxﬁ?#§§¥p?3tghgohgéd¥ggb§¥5g§%é§ H%%\Mth
the lighting prismplate; a nechanical mcro switch in which a contact is
nmade tci%ﬁ?%ﬁ%#%ﬁéﬁgb? Repdeberninedoff gkangegapdcthass epghathsn Ldghtieg
lighting prismplate or the rotary ring is arranged in said |ocus; and
prism plate is rotated to thereby obtain optimum incident light

corresponding to the height and azimuth of the sun.
16. A solar lighting apparatus for a skylight according to Claim
15, wherein a light distribution plate is arranged in the outgoing
side of said lighting means so'that.diffusion of light can be
changed by controlling liquid crystal orientation in a light
outgoing portion on the indoor side.
17. A solar lighting apparatus in which: one lighting prism plate
is rotatably arranged in a lighting portion or a plurality of
lighting prism plates are rotatably grfanged in said lighting
portion_at intervals of a predetermined distance; and a prism angle
of each the lighting pfism plate is controlled correspondihgly to
the height.and azimuth of the sun so ihat the sunlight refracted by
each the lighting prism plate goes out in a predetermined
direction; said solar lighting apparatus comprising:

an origin roller provided in a reference position of an outer

circumferential portion of the lighting prism plate as the origin
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a prismring position driven nmeans for supporting a prisniri i
detection roller contacting the outer circunference of the | mﬁmumﬁw,”"’
plate or the outer circunference of the rotary ring and rotating ¢ oge s *
with the rotation of the lighting prismplate or the rotary'ring wile

tracki ngo#(r)l?:hleoq_q hcgi,{?otﬁri@,p Hatdod i gtd Ny i i SN P AtEr Hidde {otary

ring and supporting the mcro swtch so as to track the positional

rel ati on_between the gqntact of the mcro sw . | g lle

o sol ZRERtEREE POk 8 an B G ARG A el Lol S8 & Sfordfy
rotatably arranged in a lighting portion or a plurality of lightin rism

pl at es akdnGogt dMey ofdHiyaf ithe Hel 9hing RF vt tﬁ’%t%twh?ﬂ e&‘/"é\l 'éogﬁgné ring
predeterm ned distance; and a prism angle of each the lighting prismplate

i s contrdlsl dategraddyomptiavjlded ont Hthehatufter aricccumfenenesd eficthbenl sghting
the sunlight refracted by each the lighting prismplate goes out in a

predet er Prigth Plate & RFitPbe TERGTt i@t Gt IDIREIng PP sHi Phate;
central processing unit including a solar position detector for detecting

the height and gaidid Qi m%r%'%v?{[t&gﬁig\ ReH f¥n 0{1 dddBadt fs MAEE Vhehe

said solar lighting apparatus i's set, an arithmetic operation storage

the hei gRPERAT SRR SPHE LT foi THEST 2F AP Erbam 96T ag g -

sol ar position detector is given to said central processing_ unit and.

subj ect ed lgbtdna prdiEn phadee 9y idhe rotary ring is arranged in said locus;
and |

a prism/ring position driven means for supporting a prism/ring

pésition detection roller contacting the outer circumference of the
lighting prism plate or the outer circumference of the rotary ring
and rotating together with the rotation of the lighting prism plate
or the rotary ring while tracking the locus of rotation of the
lighting prism plate or the rotary ring and for supporting the
micro switch so as to track the positional relation between the
contact of the micro switch and the origin roller.
18. In a solar lighting apparatus in which: one lighting prism
plate is rotatably arranged in a 1ighting portion or a plurality of
lighting prism plates are rotatably arranged in the lighting
portibh at intervais of a predetermined distance; and a prism angle
of each the lighting prism plate is controlled correspondingly to
the height and azimuth of the sun so that the sunlight refracted by

each the lighting prism plate goes out in a predetermined
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said central processing unit to thereby issue a necessa
instruction fromsaid central processing unit to there;Ty~fﬁ%aLt§E%ﬁ?ﬁTTKr
control to locate said |ighting apparatus in an opt i rrumﬁ,"l[”% am,,”
correspondingly to the position of the sun. In a sol ar ”ﬂ

appar atgss.ddy ng.ch one lighting prismpl ate | s rotatably arranged °n
i ghting portlon or a plurality of lighting prlsnlplates are rotatably

arranged in the ortion at_jntervals, of redet erm ned di stance;
and agprlsm i?éygiéﬁ&i) ??Eﬁﬁ*# rp??%ﬂ?b?a?% sCeBhf 24| PEGCEsSSing

correspondlngly to the helght and azimuth of the sun so that the sunlight

r ef r actit yi nluding aigptangoes i tiopl detegbes for detecpindetbenhaéght
direction; a solar lighting controller conprising a setter including an
ari t hmetricc azpiametth Gf cirhnd reoin s4 br égeh npanst SOE ht fifie aini 8T pl&ospwhere 8aida
ti me measurenent function capable of neasuring at 153 east date and

ti e, WA Qlﬁﬁitﬁrengto%ﬁé%‘t@é‘tfs YLy 404 R &r | e,[ﬁékﬁtfsmer in

I
connectlon W t I Me measur enent unction to t y S e prirsm

angl e ¢ r L&l vEP as descr bed .20, A

sol ar I | é’ht H%g con rH %qée¢1%a%céoﬁ{n(§%gto '@9%‘% 18 Yol R TU??ﬂ%F B%ﬁ‘bgf‘g?ng a
sunl i ght, hti ng condition detector arranged so as to be opposite to each
t he |I6Hﬂqﬁi ﬁﬂ%ﬁﬁatq@uﬁ%ﬁghtt?ﬂ@cﬂﬁkmﬂt%|%ﬁa$h%f5?%ea i ghehngoint
condi tion detector is given to the central processing unit or the

ari t hmefi & ioeegdiviesn fitam sgpei dhesolsar position detector is given to said

central processing unit and subjected to arithmetic processing in
said central processing unit to thereby issue a necessary rotating
instruction from said central processing unit to thereby perform
rotating control to locate said lighting apparatus in an optimum
position correspondingly to the position of the sun.
19. 1In a solar lighting apparatus in which: one lighting prism
plate is rotatably arranged in a lighting portion or a plurality of
lighting prism plates are rotatably arranged in the lighting
portion at intervals of a predetermined distance; and a prism angle
of each the lighting prism plate is controlled correspondingly to
the height and azimuth of the sun so that the sunlight refracted by
each the lighting prism plate goes out in'a predetermined
direction; .

a solar lighting controller comprising.a setter including an
arithmetic operation control storage means such as a micro

computer, and a time measurement function capable of measuring at
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arithmetic processing is performed in the central processim uni t t he
Il

or )

arithnetic operation storage nmeans; and a corrected rotaﬂ “ 1’ Hu m i s

i ssued fromthe central processing unit or the arithneti ge
to obtain

means to. thereby control the rotation of the lighting prismplate

an opt i Deaserasteanaletene’, cwRerdiAoky1h? pBeiRISH BaROkviery HWUr ke A
solar lighting controller according to Clarm18 or 19, wherein a |ighting

prismp L\ pQ; l.S;carll ut._so.that.the.lighting prismplates
are'drié%%goﬁétﬁyggﬁgeépgg?%a%ﬁvéﬁbggﬁgI%Htgﬁ#ﬁt%@ﬁt%ﬁmfnmgaﬁgéﬁﬂF%&%ined
sequengﬁ SO, [ hat, optj nu rismangles are obtained correspondingly to the
posi ti on*RFtifR Eﬁntéeégb h86E. tb® PARism arglegRrEi #§chokbeolightiago pailsy
to Caim18 or 19, wherein when one cycle of driving operation in the steps
of int Phate cdriyedragi dgschébedspbovieve |ighting prismplates is 154
conpleted, a predetermned wait tine is provided before the driving ,
oper at i 200 t e gpokaedl hghBirgscoAttopiatedccdddiAgsebaclbiahtiigngrcantrol | er
according to Claim18 or 19, wherein driving elenments such as notors

provi deshPeh&PNebmp+ESing! §MBRLEL Ght f?gh%ghbi 84 &Eiahg}gaftsc@&%ggagg%@;

are provided as common driving eléenents”™of a“smaller nunber than t

fo be cShmih 78 B 00pdrEE 45 e rgR the FPERT BoabEL=Prplal-oubeting che
eans. output signal of the lighting condition detector ié given to the
central processing unit or the arithmetic operation storage means;
arithmetic processing is perf&rmed in the central processing unit
or the arithmetic operation storage means; and a corrected rotating
instruction is issued from the central processing unit or the
arithmetic operation storage means to thereby control the rotation
of the lighting prism plate to obtain an optimum prism angle
correspondingly to the position of the sun.

21. A'solar lighting controller according to Claim 18 or 19,
wherein a lighting prism plate driving method is carried out so
that the lighting prism plates are driven one by one alternatively
and intermittently in a predetermined sequence so that optimum
prism angles are obtained correspondingly to the position of the
sun every hour.

22, A solar lighting controller according to Claim 18 or 19,

wherein when one cycle of driving operation in the steps of

intermittently driving the respective lighting prism plates is
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completed, a predetefmined wait time is provided before the driving
operation the preceding steps is repeated.
23. A solar lighting confroller according to Claim 18 or 19,
wherein driving elements such as motors provided as constituent
elements of the lighting prism plate driving means are provided as
common driving elements of a sma;ler number than the number of the
lighting prism plates so that the common driving elements are used
to be common to a plurality of lighting prism plates through

switching means.
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