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\ S QITLE 6§'THE INVENTION
SOLA%'LIGHriﬂG APPARATUS AND CONTROLLER FOR
¢ i S
CONTR&LLING/&HE SOLAR:LIGHTING APPARATUS
\‘ BAE:KGROUND OF THE INVENTION
1. Field of the I%venjion
The present #%ve&gion relates to an improvemént in a solar
lighting apparatus havigé flat lighting prism plates in a lighting
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 whéreas 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 aﬁd 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 collectgd by the

solar lighting apparatus 305 is led indoors; and 320, a lighting

prism plate which is a chief constituent member of a lighting



portion of the solar lighting apparatus 305.

In the aforementioned configuration, the sunlight is collected
by the solar lighting apparatus 305 and led indoors through the
duct 306. |

As a specific structure of the lighting prism plate 320
provided in a lighting portion, for example, there is known a
structure described in Japaﬁese'Patent Unexamined Publication (JP-
'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



how to hold the lighting prism plates in this occasion are however
unclear. In other wordé, the structure of a lighting prism plate
driver/holder is uncleér. Accordingly, it is difficult to produce
a practical apparatus of the prior art.

(2) For example, from the description of the prior art
publication, there may be thought of a structure in which as means
for rotating and holding the lighting prism plates P. and P= of
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



of the lighting prism pléte. The drive shaft Y serves to rotate
the lighting prism plate 351 correspondingly to the movement of the
sun by means of a motor not shown on the basis of an instruction
giveq from a micro computer, of the like.

In the éforementioned configuration, transmitted light goes
out of the'lighting prism plate 351 at an outgoing angle of f»n as
represented by the broken line when the sun is at a relatively high
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
Ta.

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



plates 351 are used in this system, for example, outgoing light
from the first lighting prism plate is réquired to be effectively
incident oﬁ the optical face of the second lighting prism plate and
incident on the optical.faces of lighting prism plates after the
second lighting prism plate. Though not shown, displacement
between the respective lighting prism plates 351 must be designed
to be an optimum value.

Further, 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 diffﬁsion 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 porfion 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



also in this case the way of spreading light and the intensity of
light 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 replaced by a new
one. There arises therefor a further problem that a risk due to
work in a high place and a cost for spare 1ight distribution plates
are required.

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



gear 503 and the motor 502; and 507 and 508, lead wires,
respectively.

In the aforemenfioned configuration, data'concerning every
date and every time and initial data concerning the height,
azimuth,.etc. of the sun on the date and time are supplied to the
CPU 504 through the input device 505.

"Here, the CPU 504 calculates a 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



longitude of the place where the solar lighting controller is set.
Accordingly, there arises a problem that optimum light collection
at each point of time in the set place cannot be obtained.
Furthermoré,.there arises a problem that a long timé is taken when
control due to the CPU is performed on the basis of the data whichl
are unsuitable to the set place.

There arises a further problem that lighting accuracy cannot
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



driving instructions for-determining prism angleé of the lighting
prism plates 611 and 612 every hour to the controllers 615 and 616.

Therefor, for example, the setter 617 is constituted by a CPU.

Data concerning prism angles of the lighting prism plates 611
and 612 for optimizing the prism aﬁgles of the lighting prism
“plates 611 and 612 correspondingly to the height and azimuth of the
sun (hefeinafter mainly referred to as "the position of the sun")
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 lightiﬁg prism plates 611 and 612 are driven

simultaneously by the respective drivers 613 and 614 to form



required prism angles set by the setter 617.

Hence, the solar lighting apparatus always collects light rays
of the sun in a predetefmined direction regardless of the change of
the position of the sun.

In the solar lighting controller for driving the conventional
solar lighting appafatus, there arise the following problems in a
practical case. |
(1) 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
should 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
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shown), or the like, while held horizontally by a rotation holding
mechanism not shown.

The reference numeral 702 designates a light ray shutter which
is provided on the outer circumferential portion of the lighting
prism plate 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 701.

The reference numeral 703 designates a light sensor. As the
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 sénsor 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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thereto). In the following deséription and in Figs. 84A,l84B, 85A
and 85B, these input and output terminals are expressed as single
lines 705a and 706a, respectively.

In the aforementioned configuration, when electric powér is
supplied to the light sensor 703 through the input terminal 705a so
tﬁat, fof example, infrared rays are radiated from the photodiode
705 to the phototransistor 706 on one hand and the lighting prism
plate 701 is rotated While held by the rotation holding mechanism
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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lighting prism plate. On the other Eand, the iighting prism plate
expands or contracts thermally correspondingly to the change of the
ambient temperature in use, so that the outer diameter of the
lighting prism plate changes.

When, for example, the lighting prism plate 701 expands
thermally as shown in Fig. 85A, there is a risk that the light ray
shutter 702 touches the inner wall of the opening portion 704c to
thereby disorder the alignment 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



be thought.of'that a light sensor having an opening portion (sensor
slit) with a large verticai width is used or that the position of.
the light shutter.provided to the lighting prism plate is adjusted
correspondingly to the season. In the former case, the light;
emitting element side and the light-receiving element side are
required to be powered up. In the latter case, much labor and time
is required. 1In each of fhe cases, a large cost is required.
(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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solar lighting apparatus excellent in lighting efficiency, in which
apparatus a predetermined optical condition for a lighting prism
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 diffusion 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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driver/holder as a préétiqal device.

A further object of the present invention is to provide a
solar lighting apparatué'which has a holder for holding a lighting
prism plate stably ;egardless of the deformation of the lighting
prism plate.Caused by thermal expansion.

A further object of the present invention is to provide a
skylight type solar lighting apparatus in which sunlight is pursued
in the position of the sun so that not only optimum lighting 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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plate is rotatably arranged in a lighting portion or a plurality of
lighting prism plates are roEatably arranged in the lighting
portion at intervals of a predetermined distance, and prism angles
(angles of rotation) of the lighting prism plates are controlled
correspondingly to the height and azimuth of the sun so that the
sunlight refracted by the lighting prism plates goes out in a
predetermined direction, wherein when two, first and second,
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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Preferably, micro prism portions are formed on the lower face
portion of each of the lighting prism plates; a distance of
displacement S is provided between.an end portion of inoﬁerative
faces of the.micro prism portions of one lighting prism plate and
an.end portion of inoperative faces_of the micro prism portions of
the other lighting prism plate; and the distance of displacement S
is determined in a range 0 < S < P (P: prisﬁ 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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other lighting prism plate.

Preferably, a high—refractive material, such as polycarbonate;
excellent in machining property and weather'resistance is used as a
material for the lighting prism plateé.

Preferably, in order ﬁo prevent the sufface reflection of
light rays, each of the lighting prism plates is coated with at
least one coating layer of a fluorine type antireflection film
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 of the pressure roller.

Preferably, the drive means has a motor for giving rotation
force to the driving roller directly or indirectly, a sunlight.
condition detector for detecting the condition of movement of the
sun such as height, azimuth, etc. of the sun, and a settér such as
a micro computer, or the like, for receiving a signal from the
sunlight condition detector and giving a control instruction to the
motor.

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 circuﬁference 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 thé drive means.

In this case, prefefably, 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 6r stoppage fittings
provided separately so that differences in expansion/contfaction
due to thermal'expansiop coefficients of the holding plates and the

lighting prism plates can be absorbed.
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Prefefably, the solar lighting.apparatus for a skylight,
comprises a lighting meaﬁs for performing lightiﬁg correspondingly
to the height and azimuth of the sun tﬁe direction of light rays of
which changes every moment with respect to a skylight for taking
sky light indoor, wherein the lighting means is formed so that one
lighting prism plate is arranged or a plurality of lighting prism
plates are arranged up and down at intervals of a predetermined
distance and that the lighting prism plate(s) is rotated to thereby
obtéin 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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mechanical micro switch in which a contact is made to be operated
by the origin roller in the locus of rotation of the lighting prism
plate or the rotary ring is arranged in the locus; and a prism/ring
position dfiveﬁ means for supporting a prism/ring position
detection foller contacting the outer circumference of the lighting
prism plate or the outer circumference of the rotary ring and
fotating 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.

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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Further, tﬂe solar lighting controllef fmay comprise a setter
including an arithmetic operation control storage means such as a
micro computer, or the like, and a time measurement function
capable of measuring at least date and time, wherein solar position
data every hour are read into the setter in connection with the
time measurement function to thereby set ﬁhelprism angle of the
lighting prism plate driven as described above.

The solar lighting controller further comprises a sunlight
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

¥
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driving operation in the stepé of intermittently driving the
respective lighting prism plates is completed, a predetermined wait
time may be provided before the driving operation of the preceding
steps is repeated.

Further, in the solar lighting controller, driving elements
- such as motors, or the like, provided as constituent elements of
the lighting prism plate drivihg means may be provided as common
driQing elements of a smaller number than the number of the
lighting prism plates so that the cqmmon driving elements age 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

24



configuration of Fig. 3A;

Fig. 5 is a front view showing the basic configuration of a
lighting apparatus having a plurality of lighting prism plates
arranged, which view:is_used for explanation of Embodiments 2-1 to
.2~-4 of the present invention and a comparative exampie;

Figs. 6A and 6B are tables showing conditions for Embodiment
2-1 of the present invention, Fig. 6A shows the shape of lighting
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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height in the case of Fig. 10A;.

Fig. 11 is a front view of important part in Embodiment 3-1 of
the present invéntion;

Fig. 12 is a front view of important part in Embodiment 3-2 of
the present invention;

Fig. 13 is a front view of important part in Embodiment 3-3 of
the present invention; |

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 configuratioﬁ'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
constitﬁted 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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lighting prism plate is 6T1;

Fig. 20 is an explanatory view showing tﬁe 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
lighting prism plate is 07T2;

Fig. 21 is a characteristic view showing relations between
incident angle, déflection angle (intensity of refracting power),
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:

Pig. 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. 27 is a plan view showing a lighting prism plate
driver/holder in Embodiment 6-~1 of the present invention;

Fig. 28 is a plan view showing important part of the lighting
prism plate driver/holder in Embodiment 6-2 of the present
invention;

Fig. 29 is a plan view showing important part of the lighting
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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Fig. 38A is a front view showing an experimental equipment for

Embodiments 8-1 to 8-3, respectively;

performing a fundamental experiment on the configuration of
Embodiment 8-1 of the present invention, and Fig. 38B is a table
shoying results of the experiment;

Fig. 39 is a front view showing an experimental eduipment for
performing a fundamental experiment on the configuration of
Embodiment 8-2 of the present invention;

Fig. 40 is a characteristic graph showing results of the
experiment by the equipment of Fig. 39 in Embodiment 8-2 of the
present invention;

Fig.4l1 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 characteristic graph showing results of the
experiment by the equipment of Fig. 41 in Embodiment 8-2 of the
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 configuration of
Embodiment 8-2 of the present invention;

Fig. 45 is a front view showing the configuration of
Embodiment 8-3 of the present invention;

Figs. 46A to 46C show Embodiment 9-1 of the present invention,
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Fig. 46A is an overall perspective view, Fig. 46B is a vertical
sectional front view, and Fig. 46C is a horizontal sectional plan
view; ' : -

Fig. 47 is a vertical sectional front view showing important
part of the light sensor in Embodiment 9-~2 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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10-3 of the present invéntion;

Fig. 56 ié a perspective view showing the overall
configuration of Embodiment 11-1 of the present invention;

Fig. 57 is a perspective view showing the ove;all
configuration of Embodiment 11-1 of the present invention, and the
configuration of Fig. 57 is different from that of Fig. 56 in the
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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invention;

Figr 65 is a flow chart showing the control operation
according to Embodiment 11-2 of the present invention;

Fig. 66A is a schematic front view showing an example of
cohfiguration of a first solar lighting apparatus, inclusive of a
driving circuit, to which light prism plate driving methods in
Embodiments 12-1 tb 12-4 of the prgsent 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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of the present invention;

Fig. 72 is a perspective view shqwing the arrangement of a
ring position driven lever, a micro switch and parts relevant
thereto which constitutes the origin detector in Embodiment 13-1 of
the present invention;

FPig. 73A is a perspective view showing the condition of
arrangement of the origin roller in Embodiment 13-1 of the present
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-dgtector
in Embodiment 13-1 of the present invention is applied;

Fig. 76A is a plan view of important part shoWing Embodimgnt
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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view, Fig. 77B is a front view, and Fig. 77C is a sectional
perspective view of the lighting prism plate;

Fig. 78 is a view showing the configurations of the solar
lighting apparatuses according to a prior art and according to a
substitute technique of Embodiment 6 of the present invention;

Figs. 79A and 79B are views showing an example of
configuration of a conventional solar lighting apparatus;

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 sohematic'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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origin and after the detection of the position of the origin,
respectively( and Fig. 84C is a perspective view showing the
detailed configurat;on of the light sensor; and

Figs. 85A and 85B are views showing a conventional apparatus,
Fig. 85A shows the case where the outer diameter of the lighting
prism plate is increased because of thermal expansion, and Fig. 85B
shows the case where the lighting prism plate contracts.

DETAILED DESCRIfTION 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 and 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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Although prism pité are not shown in each of the lighting
prism plates 1 and 2 of Fig. 1A for the sake of simpiification,
prism pits as shown in Figs. 1B to 1D afe provided on the second
faceé of the respective lighting prism plates 1 and 2 in order to
form micro prism portions PAl and PA2.

In Figs. 1B to 1D, 0Tl and 6T2 are prism vertical angles of
the lighting prism plates 1 and 2, respectively.

That is, the setting requirement of the optical system
according to the present invention is givén by the expression:

(|6H| + |8L]|)/2 = (90° - 8a) | ceee (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.

[0H| = |OL| ceeea(2)
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In the solar lighting abparatus configured under the
aforementioned constitutional requirements, in each of the cases of
low and high heights of the sun as shown in Figs. 1B and 1C,
incident light is controlled to be arranged substantially
perpendiculatly to the prism pits by rotating the respective
lighting prism plates 1 and 2 correspondingly to the height of the
sun, so that the outgoiﬁg light from the first lighting prism plate
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
traﬁsmitted 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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aforementioned conditions, lighting pﬁism plate rotating contfol is
easier compared with the case where the céndition accofding to the
expression (1) is selected.

Fig. 2 is a table showing specifications and optical
characteristics of the lighting prism plates 1 and 2 constituting
the solar lighting apparatus of Embodiment 1-1.

It is apparent from Fig. 2 that the lighting prism plates 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 configuration characteristic of this embodiment is in that
the miéro prism portions PBl1 and PB2 are formed on the first faces
of the lighting prism plates 1 and 2, respectively.

‘Upon the consideration of the functions of the micfo prism
portions formed on the first faces of the lighting prism plates as
in this embodiment, it has been confirmed experimentally that when,
for example, micro prism portions of 5 are provided on the first
face of the first lighting prism plate 1, the transmittance
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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provided as a plane having no micro prism portidns PB2 formed
thereon.

Béing configured as described above, Embodiment 1. has
excellent effects as follows.

(1) Outgoing light from the first lighting prism plate entirelj
goes out from the second iighting prism plate so that the light can
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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Embodiment 2

Embodiment 2 of the present invention which concerns the
material for the lighting prism plates used in the solar lighting
apparatus will be described below as Embodiments 2-1 to 2-4.

Prior to the description about Embodiments 2-1 to 2-4, first,
the relation between the shape of the lighting prism plates (which
may be hereinafter only referred to as "prisms") and dispersion is
- defined 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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The condition of color dispersion created in the case of a
lighting apparatus formed by arrénging prisms of the same material
as a plurality of stageg will be described as a comparative
example.

Here, the shapes of prisms using polycarbonate (hereinéfter
abbreviated to "PC") as the prism material are shown in Fig. 10a,
and dispersion corresponding to the 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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ﬁigh.
(Embodiment 2-2)

Fig. 7B shows dispersion corresponding to the height of the
sun in the case of using a first prism of PC, a second prism of
PMMA and a tﬁird prism of PC, which have the shapes shown in Fig.
7A respectively.

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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(Embodiment 2-4)

Fig. 9B shows dispersion corresponding to the height of the
sun in the case of using a first prism of PC, a second prism of PC,
a third prism of PMMA and a fourth prism of PC, which have the
shapes shown in Fig. 9A respectively.

In this embodiment, the first prism and the prisms other than
the first prism are rotated correspondingly to the height of the
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
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Embodiment 3 of the present invention which'concerns-increase
of the total transmittance of lighting prism plates used in a solar
lighting apparatus will be described below specifically as
Embodiments 3-1 to 3-3.

(Embodiment 3-1)

Fig. 11 shows Embodiment 3-1 of the present invention in which
a lightiﬁg prism plate 32 having a plurality 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 arrénged 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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inoperative face of each micro prism portion satisfies the
following expressions.

90° < aA £ fa ceeel(3)

fn £ oA £ fe ceeesald)

Of two these expressions, the expression (3) is particularly
important so that at least fhis condition 90° < e¢A 2 be is required
to be satisfied. Here, fe represents the outgoin§ 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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That is, in Fig. 12, the reference numerals 33 and 34
designate first and second lighting prism plates arranged up and
down, respectively. Each of prism portions of the lighting prism
plates 33 and 34 is fofmed so that the angle of the inoperative
face thereof is 90° #ﬁich is as much as the case of Fhe prior art.
. The configuration characteristic of this embodiment is such that
the second lighting prism plate.is aﬁranged re1a£ively to the first
lighting prism plate so that a distance of displacement S is
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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portion having a length corresponding to the distance of
displacement S between the second and third lighting prism plates.

An experiment of the transmittance has been made under the
condition in which: the pitch P in each of the lighting prism
plates 33 and 34 is 1 mm; the distance of displacement S is 0.3 mm;
each of the apex angles Bi and B2 is 45 ; and each of ¢A and aoB is
90° in Fig. 12. As a result of the experiment, a characteristic
graph (b) expressed 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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This Sheet Has Been Reilaced

inoperative face of the third micro prism portion from the left end

of the same lighting prism 33 as indicated by the broken line in
Fig. 12. Thus, there is yet a problem to be solved in that .
sometimes the outgoing light cannot be transmitted.

(Embodiment 3-3) |

Fig. 13 shows Embodiment 3-3 of the present invention.

The configuration characteristic of this embodiment is iﬁ that
the uppermost (first) lighting prism plate 35 is designed in the
same manner as thé lighting prism plate 32 shown in Fig. 11 so that
the inoperative face angle aA thereof satisfies the following
conditional expressions in order to eliminate tﬁe problem in the
aforementioned Embodiment 2-2.

90° < oA = fe ceseoslS)
0n S oA £ fa csssslb)
~In this occasion, the expression (5) is an important
conditional expression but the expression (6) need not always be
-satisfied.

Alfhpugh this embodiment shows the case where the inoperative
face angle a¢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
‘preferably selected to satisfy the aforementioned expressions (5)
and (6).

As an experimental example for this embodiment, an experimént

of the transmission condition of the solar light has been made in
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AR

the case of pitch P'= 1 mm, displacement distance S = 0.3 mm, ¢A =

110° , aB 90° , and Bx = B2 = 45 ., A result of the experiment is
expressed by the solid line (c¢) in Fig. 14.

Also in this embodimenf, the transmittance is obtained in the
case where the respective lighting prism plates are rotated éo that
outgoing light entirely goes out perpendicularly (in the direction
of the optical axis).

As shown in the curve (c) of Fig. 14, it has been confirmed
that the characteristic is improved more-greatly than both the
prior art of the curve (a) and Embodiment 2-2 of the curve (b) and
that the total transmittance is improved remarkably particularly in
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
inoperative faces_is regarded aé 0 for the sake of simplification
under the consideration that the reflected light is not effective.

Because Embodiment 3 is configured as described above,
Embodiment 3 has excellent effects as follows.

(1) The respective inoperative faces c¢A and aB (hereunder
generally referred to "a") formed on the lower surfaces of the
lighting prism plates are formed sb as to satisfy at ;he least the
expression 90° < a = fe so that the rate of transmitted light
blocked by the inopetative-faces is lowered, the total

transmittance increases so that the lightiﬁg efficiency is improved.
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~(2) In the casé of a method in which a plurality of lighting prism
plates are piled one on another in the up/down direction, the
lighting prism plates are piled with the distance of displacement
relative to each other so that a function whiéh is similar to but -
smaller in the degree thereof than the function shown in the.
paragraph (1) can be performed.

(3) If the plurality of light;ng prism plates are formed to have
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 from Hl to H2 to thereby block the light rays' way
correspondingly in the case where the apex angle of the lighting
prism plate is 6T2 which is larger than 6T1.

That is, there is éhown the fact that the transmittance of the
solar light decreases as the apex angle of the prisms increaées.
This fact is caused by the fact that when the apex angle of the
prisms is large, the inoperative 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 make the apex
angle of the prism as smalllas possible and to make the refracting
power (deflection angie) as large as possible.

Next, Embodiment 4 using the aforémentioned principle will be
described below with reference to Figs. 15 through 18 which are
partly enlarged front views and a schematic configuration table.

In Figs. 15 to 18, a first lighting prism plate 51 arranged in
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 numerals 53 and 54
.designate motors, respectivély, driven on the basis of a signal
given from a CPU 55. The lighting prism plates 51 and 52 are
rotated by means of the motors 53 and 54, respectively, so that
optimum prism angles of the lighting prism plates 51 and 52 are
obtained correspondingly to ‘the height and azimuth of the sun.

Because each of the lighting prism plates 51 and 52 in Ehe
presént invention is formed of a high refractive material, the
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 cA of the first lighting prism plate is therefor
selected to be in a.relativély small value from the point of view"
of the lighting efficiency.throughout the year in spite of
sacrifice of refracting power. The refracting power sacrificed as
described above can be compensated for by increasing the apex angle
aB of the lighting prism plate.

Fig. 18 is a table showing the comparison in the values 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 configuration 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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throughout the year.

(2) Because two or more liéhting priém plates of high refractive
material are arranged'in the lighting portion to thereby pursue the
solar light, botﬁ the solar lighting time and the transmittance
increase to thereby increase the lighting efficiency more greatly
compared with the case of no pursuit. |

(3) Because not only the mass production of lighting prism plates
can be made easier but also the prism pitch can belmade 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 portioﬁ can be reduCéd 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 calculated by
surface reflection simulatién.

Fig. 26 is a graph of measured transmittances of the lighting
prism plates.

In Figqg. ﬁ3, a lighting portion 61 includes a first lighting
prism plate 62, and a second lighting prism plate 63. The lighting
prism plates 62 and 63 are both made of polycarbonate (abbreviated
to "PC"). The lighting 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 predetermined £hickness.

Here, light reflection which forms the foundation of the
present invention will be described. 1In Fig. 24, when generally
light of wavelength 1 advances in air A (refracting index no = 1)
in the direction of the arrow and strikes on a substrate C
(refracting indeg nz2) coated with thin film B (refracting 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 ......(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 prism plate has angles 0" /51.48 . The reflection
preventing film (see Fig.'Zé) B is fluorine-contained reflection
preventing £ilm “CYTOP" (made by Asahi Glass Co., Ltd.) and has a
refracting index of 1.34. Because d rays (1 = 588 nm) are used

instead of the solar light, the film thickness t is calculated as t

"

= A/4na = 588/4X1.34 5 110 nm in accordance with the expression
(7). The.reason why d rays of 2 = 588 nm are used in the
calculation of the film thickness t = 1/4nma is in that iight of
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 measured results of output energy relative to
incident energy in the lighfing apparatus of Fig. 23 in the case
where the first or second lighting prism plate or both the firsﬁ
and second lighting prism plates are rotated to change the incident
angle correspondingly to the change of the height of the sun so
that light rays are controlled to turn déwnward in the direction of
the arrow 66.

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).

1.583 - 1.34 0.243

Case of PC nz - nNa

0.152

Case of PMMA nz - nNa 1.492 - 1.34

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
(amorphous polymer) can be épplied easily in a short time by means
of spin coating or dip coating different from the conventional_
vapor deposition methoa, the aforementioned prevention of
reflection, that is, the increase of the transmittance is obtained
at a relatively low cost.

Embodiment 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 ghe outer circumference portion 6f the driving
roller 71, respectively. Thé lighting brism plate 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 lighting prism plate 70.

The reference numeral 73 designates a controller for the motor
72. When, for example, the motor 72 is a stepping motor, the
controller gives 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 numeral 77 designates a pressure roller which
gives pressing force to the'lighting prism plate 70 from one side
(from the upper side in Fig. 27). Therefor, the pressure rollgr 77
is arranged in a position opposite to tﬁe driving roller 71 so that
pressing force is given to the lighting prism plate 70 by means of
a spring 77a suspended from a fixed portion'K. The spring 77a
belonging to the pressure roller 77 may be constituted by a so-
called cantilever spring or may be constituted by a center impeiler
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
circquerences of the driven rollers 78a and 78b. Further, the

contact positions where the pressure roller 77 and the driven
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rollers 785 and 78b are in contact with the lightinglprism plate 70
are made to have sufficientlroom to spare so as to cope with the
distortion of the lighting prism plate 70 in the produétion thereof
and the deformation such as expansion, contraction, etc., due to
the peripheral temperature at the setting place, etc., so that the
lighting prism plate 70 can be held smoothly (besides this
embodiment, this appliés to the following embodiments).

Although in the aforementioned configuration the pressure
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 alignment of the lighting prism plate 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
diréction of force applied to the center of the lighting prism
plate, wheﬁ backlash occurs in the lighting prism plate 70.
Therefor, the following embodiments improved in this point are
thought of.

(Embodiment 6-2)

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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prism plate 70 so that the pressing force of the former and the
bearing force of the 1atterlare canceled by each other as
repfesented by the arrows. Accordingly, even in the case where
backlash oc¢curs in the lighting prism plate 70, the alignment of
the lighting pfism plate 70 and the dtiving roller 71 is kept more
optimum éompared with Embodiment 6-1.

Incidentally, in this embodiment, it is necessary that the
pressing 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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from laterally symmetrical positions. The auxiliary pressure'
rollers 81 and 82 are arranéed in positions shown in Fig. 29 so
that the auxiliary pressing force is given to the lighting prism
plate 70 through springs 8la and 82a supported to fixed porions
(not shown).

Although Fig. 29 shows the casé where the diameter of each of
the auxiliary pressure rollers 81 and 82 and the spring pressure
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 more stably by the main and auxiliary pressure rollers 77B,
81 and 52 and the driven rollers 78a and 78b compared with
Embodiments 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
iighting prism plate 70.

Accordingly, even in the case where backlash occurs in the
lighting prism plate 70, the alignment of the lighting prism plate
70 and the driving roller 71 is kept better so 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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positiéns of the first and second auxiliary pressure rollers 81 and
82 in Embodiment 6-3.

In Fig. 30, the reference numefals 83a and 84a designate
spriﬁgs, respectively. These springs 83a and 84a belong to the
third and fourth pressure rollers 83 and 84, respectively, and
supported to fixed portions (not shown) for giving pressing force
" to the lighting prism plate 70.

In this embodiment, because £he 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 préssure rollers as
described above in Embodiment 6-3 and, to this end, a main pressure
roller 77B may be added as described above in Embodiment 6-3.

Further, as described above in Embodiments 6-1 and 6-3, the
driving roller 71 is preferably arranged.in a position being
opposite té the pressure roller 77 against the lighting prism platé
70 or in a position being opposite to the main pressure roller 77B
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 a lighting prism plate
(not shown) so as to be unitedly connected to the lighting prism
plate. The rotary ring 90 is provided with é gear 90G formed on
the outer circumference of the rotary 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 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 circ;mference 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 transmiﬁ the driving force of the one device.

The aforementioned embodiment has shown the case where the
lighting prism plate is arrangéd and held horizontally so as to be
rotatable. In accordance with the 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 aforementioned embodiments is prepared for
each of the lighting prism élates.

The solar lighting apparatus having the lighting prism pla;e
driver/holder as-described above in Embodiment 6 has excellent
effects as follows.

(1) Because not only pressing force 'is given from one side of the
lighting prism plate by at least one pressure roller supported by
elastic means but also 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 prism plate in the case of the configuration that the
lighting prism plate is hélé/driven by a rotary shaft can be
generated so that there is no influence on the lighting prism plate
for lighting.

(3) Because the degree of freedom in the arrangement of rollers
can be increased by increasing the number of pressure rollers, the
respective rollers can be arranged so that the shadow is reduced 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 circumference thereof; a
plurality of holding plates'104a to 104d which have end portions
inserted into the inner éircumference portion of the metal rota;y
ring 103 and which are arranged so as to interseét each other in
order to hold the lighting prism plate 101; a plurality of stoppage
fittings 102a to 102d mounted in the positions of intersection
between the holding plates 104c to 1044 and the outer edge portion
of the lighting prism plate 101 and having hood éortions 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 Embodiment 7-1 (see Figs. 32 and 33)

(1) Because the pluraliéy of holding plates 1l04a to 104d are
connected so as to intersect each other in ordef to hold the
lighting prism plate 101 with respect to the rotary ring 103, the
connection of the holding plafes is stable.

(2) The reason why the transparent holding plates are used is
that influence on lighting can be avoided. The material for the
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 prism plafe 101 is held.by the holding plates
104a to 104d and inserted iﬁto gaps of the stoppage fittings 102a
to 102d so that appropriate gaps are provided between the end
surface of the lighting prism plate 101 and the stoppage fittings
102a to 102d to thereby absorb the difference between the
coefficients of thermal expansion. The stoppage fittings 102a to
102d are fixed to the holding plates 104c and 1044 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

77



micro prism portions haQe functions of controlling light
refraction; Fig. 36 shows a low height of the sun whereas Fig. 37
shows a high height of the sun. 'In the case of the lowest height
of the sun, it is necessary to refract light rays greatly, so that
the two lighting prism plates Pl and P2 are used in positions where
pits (hereinafter referred to as "prism pits") between micro prism
portions thereof are arranged in the same direction. In this
océasion, the path'of light rays transmitted through the iwo
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
kaleidoscopic change of the'height and azimuth of the sun, and a
motor not shown is driyen on the basis of the data to control the
quantity of rotation of each prism Pl and P2 so that the sunlight
is controlled so as to always give lighting directly underward.
‘The dispersion plate K is used for disperéing rainbow light to
white light because outgoing light from the lighting prism plates
Pl 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 [1x] (normal line face)

Accordingly, the follo&ing analysis is made from the table of
Fig. 38B.

It is apparent from comparison between the measurement
conditions (1) and (2) in the table that higher intensity of
illumination than ten times as much as that in the case of a
conventibnal skylight having no 1;ghting prism plate is obtained 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 theoty and an example of configuration in the case
where a special material islused for the light distribution plate
in order to improve light distribution characteristic in the
present invention will be described below.-

As a first experimental equipment for improvement in light
diétribution characteristic, there is shown an example in which
instantaneous lighting glass (tradename: UMU, hereinafter referred
to as "first light distribution plate"”) 120 made 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 transmissién characteristic of glaés by using the
property in which liquid crystal molecules are oriented in a
predetermined direétion by application of AC voltage. 1In this
occasion, it has been confirmed experimentally that the first light
distribution plate 120 becomes opaqué 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 measurement face which is arranged at a distance of 70
[cm] from the first light distribution plate 120. Further, the
reference symbol A designates a point of measurement; and 6, an
~angle from the direction directly under the light source. Fig. 40
shows the change of light distribution characteristic corrcsponding
to the wvoltage applied to the first light distribution plate 120 in
the case where an experiment is made by the first experimental
equipment.

In Fig. 40, the ordinate expresseé a value (relative
illumination ratio) obtained by dividing intensity of illumination
at each measurement point by intenéity of illumination 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 distribction 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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that the gquantity of light and light distribution characteristic
can be changed by changing the voltage applied to the first light
distribution plate 120 constituted by instantaneous lighting glass.

A second experimental equipment is configured-as shown in Fig.
41. In the second experimental equipment, intensity of
illumination is measured in the condition in which a second light
distribution plate (for example, tradename 12M made by Asahi
Chemical Industry Co., Ltd.) 123 is further arranged just above the
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 plate 120. In this case, there is given specific
light distribution characteristic which is such that the 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
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only the second light distriﬁutioh plate 123, because of loss
caused by transmission 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 portibn just under the light source becomes
dark is shown directly. |

Next, wﬁen the voltage applied to the first light distribution
plate 120 is changed to 0 [V], the light distribution
characteristic is changed as shown in the curve (g). 1In 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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45..
(Embodiment 8-1)

fig. 43 shows Embodiment 8~1 of the pfesent invention.  In
Fig. 43, the referénce numeral 131 designates a skylight frame;
132, a transparent cover; 133a, a first lighting prism plate; and
133b, a second lighting prism plate. The lighting prism plateé'
133a and 133b are arranged within the'transparent cover 132.
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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lighting prism plates 133a and 133b optimized correspondingly to
the orbit such as height, a;imuth, etc. of the sun are given to the
motors 135al and 135bl through the driving circuit 138 by the CPU
139. The reference numeral 146 designates a dispersion plate
-arranged in the outgoing portion. |

In the above cbnfiguration, the sunlight can give lighting
indoor because each of the lighting prism plates 133a and 133b is
rotated at a proper speed on the basis of a signal 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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the change of the position (height, azimuth) of the sun are given
to the motors 135al and 13561 through the driving circuit 138 by
the CPU 139 in the same manner as in Embodiment 8-1, so that the
prism anglés of the lighting prism plates 133a and 133b are
controlled to be optimized through the gears 135a2 and 135b2 to

~ thereby make the sunlight taken indoor effectively.

In this embodiment, the first light distribution plate 140 is
arfanged in the outgoing.side of the ligﬁting appératus. 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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sunlight is taken indoor efficiently correspondingly to tﬁe
position of the sun in the éame manner as in Embodiment 8-2 but
also room light distribution characteristic is controlled so that
expressioﬁ'of lighting is changed by the combination of light
distribution characteristics of the two light distribution plates.

Accordingly, in the case of lighting expression control in
this embodiment, light t;ansmission characteristic is changed when
the voltage to be applied to the first light distribution 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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ray control method which can be put into the conventional shape of
the skylight. That is, becéuse the method is a simple method in
which each lighting prism plate is rotatéd én one plane, the
present invention is adapted to the purposes of the present
invention of reduction in size, weight, cost, etc. Electric power
to be controlled can be reduced because the lighting prism plate'
can be rotated at a very low rotational speed.

(2) When the outgoing direction control means is provided 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 accordiné
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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Accordingly, the conventional work for interchanging the light
distribution plate into neﬁ one in order to change the light
distribution characteristic is not required, that is, the
preparation of light distribution plates different in light
digtribution characteristic as spare parts is not required.

Further, by combination arrangement which is such that not
only the first light distribution plate in which light transmission
can be controlled is arranged 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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Fig. 47 is a vertical sectional front view showing important

part of Embodiment 9-2 of the optical axis sensor.
| Fig. 48 is a vertical sectional front view showing important
part of Embodiment 9-3 of the optical axis sensor.

Fig. 49 is a vertical sectional fronﬁ.view showing important
part of Embodiment 9-4 of the optical axis sensor.

In each of Embodiments 9-1 to 9-4 of the optical axis sensor
according to the present invention, there is shown an opticél 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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réspective regions of the optical sensor 154.

The iight—conductive fesin 155 serves to conduct light with
little reflection (with small reflectance). The respective regions
of the Iight-conductive resin 155 serve to conduct incident light
splits downward-respéctively and independently.

That is, in the configuration as shown in Figs. 46A to 46C,
light can be made to enter the cylinder 151 only through the hole
152 so that 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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diameter or thickness of the hole is changed or the shape of the
hole is changed to a conical shape.

That is, in order to widen the incident angle range, the _
diameter of thé hole 162 in the blocked 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 widened downward like a
cone as shown in Fig. 47.

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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blocked top face of the metal cylinder 181 and that a region 183
having an optical sensor pfovided therein is iﬁserted into the
cylinder 181 so as.td be able to be adjusted vertically.

That is, the portion onto which light is radiated in Fig. 49
is moved up and down. Accordingly, the angle allowing light to
enter the cylinder can be controlled on.the basis of the distance
between the hole and the_region'onto which light is radiated.

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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The basic characteristic of the present invention is in that a
solar position detector is'provided for detecting the position of
the sun at each point of time in the position where the solar
lighting apparatus is set.

(Embodiment 10-1)

Fig. 50 shows Embodiment 10-1 of the present invention.

In Fig. 50, the reference numeral 191 designates a lighting
prism plate which serves as a lighting portion. A plurality of
triangular miqro 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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rotate horizontally and independently are arranged in the lighting
portion as shown in Fig. Si, and the solar position detector 199
has a lighting condition detector 199K such as an optical axis
sensor, a light qguantity sensor, or the liké,'arranged to faqe the
lighting prism plate 199P, and a central processing unit 199C. The
solar lighting detector 199 is configured so that incident light at
each point of time is received from the sun while the prism angle
of the lighting prism plate 199P is contfolled to be rotated
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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thefeof is optimized, so that the quantity of light taken indoor
can be optimized.
(Embodiment 10-2)

Fig. 52 shows Embodiment 10-2 of the present invention.
Embodiment 10-2 of Fig. 52 has the”aimost same structure as
Embodiment'lo—l of Fig. 50, so that the description of parts of the
same strucéure will be omitted because corresponding parts 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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Like numerals in each of Figs. 54 and 52 refer to like parts.
The description of parts of the same structure as in Embodiment 10-
2 will be omitted.

The cbnfigurétion characteristic of the present invention is
in that a light guantity sensor 203 instead of the optical axis
sensor 201 in Embodiment 10-2 is arranged to face the lighting
prism plate 191 and that conductive wire 204 is pfovided for
transmitting the output signal of 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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Embodiment 10-2 is in that the quantity of light is used as a
correcting control detectioﬁ quantity in this embodiment.

Although each of the aforementioned embodiments has been
described upon the case where one lighting prism plate is provided
in the lightihg portion for the sakelof simplification, it is to be
dndérstood that the present invention can be applied to the case
. where a plurality of lighting prism plates, for example, two
lighting prism plates, 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 iighting 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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described above has excellent effects as follows.

(1) Because the solar posftion detector is provided in addition to
the lighting apparatus and the CPU so that the position of the sun
at each point of time can be detected by the solar position
detector in the place where the solar lighting apparatus is set,
optimum indoor lighting can be performed in pursuit of the sun
correspondingly to each point of time in the set place by using the
result of the arithmetic operation of the CPU on the basis of the
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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to the optical axis or the gquantity of light at each point of time,
the indoor lighting conditien is improved more greatly.

(4) Further, in the cenfiguration in which the iighting condition
detector is provided as shown in the paragraph (3), the correction
of the rotating control is performed appropriately even in the case
where lowering of lighting accuracy is caused by the deterioration
of the physical property of the lighting prism plate due to long-
term use, because_the quantity of light or the optical axis at each
point of time is detected continuously.

Embodiment 11

Embodiment 11 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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reference numeral 212a designates a rotary shaft for the'stepping
motor.212. As shown in Fig: 56, the rotary shaft 212a is idly put
into a hole 211H provided in the nearly center portion of the base
211 so that the rotary shaft 212a is arranged at a predetermined
distance from the base 211.

The reference numeral 214 designates a first screen which is
integrally arranged along a predetermined range of the outer
circumference of the rotor-213. The screen 214 is formed tqla
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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mounted to the inner circumferential face of an L-shaped support
216 at the upper end of thelsupport 216 énd arranged so as to be
opposite to fhe outer circumferential face of the rotor 213 at a
predetermihed distance therefrom. Incidentally, the lower end
portipn of the sdpport 216 is fixed onto the base 211.

The reference numeral 217 designates a light sensor supported
by é support arm 218. The light sensor 217 is arranged in a
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 accurafe alignment of the light

sensor 217 and the screen 214 is made difficult. Accordingly, it
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is substantially necessary that the center of the light sensor and
the center of the screen aré aligned by circuit adjustment in the
light sensor substrate. |

Therefor, as showﬁ in Fig. 57, the light sensor 217A is
preferably providéd on the substrate 219 fixed onto the upper face
of the rotor 213 by means of screws 220a and 220b, or the like, so
that the light sensor 217A is integrally rotated with the rotor
213. 1In this case, the light sensor 217A is arranged 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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In this_case, as shown in Fig. 58A, the rotor 213 is made
matched with the direction N of the origin (for example, north
direction). 1In this occasion, for example, the front end 2l4a pf
the triangular screen 214 coincides with the origin O.

Then, the stepping motor 212 is driven in accordance with a
normal driving instruction given from the CPU on the basis of an
instruction (ST2) to start detectidn of the direction and angle
(elevation angle) of the optical axis, so that the rotor 213 begins
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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circuit calculates in ST8 the angle (elevation angle) ¢l of the
optical-éxis on the basis of APl as follows.

That is, when heights at the front end 214a and intermediate
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 following expression (9):

hp = h(§ - A81)/8 | ceee (9)
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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height of the sun can be obtained under the consideration of the
moﬁnt position of the solarblighting apparatus.

When the output of the light sensor 217 or 217A contrariwise
does.not begin to be reduced, the rotor 213 is controlled so as to
rotate in tbe whole range (ST9) and then cloudy weather is decided
in ST10, so that a detection output "cloudy” is sent out.

When the rotor 213 rotates in.fhe whole range (ST1ll) without
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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Embodiment 11-1 has a disadvantagé in that the judgment becomes
difficult about at noon at thch the height of the.sun becomes
high. This embodiment is provided to compensate for the
disadvantage of Embodiment 11-1.

Now, Figs. 62 and 63 are a plan view and a front view showing
the errall configuration of Embodiment 11-2 of the detector using
the detecting method of the present invention. In Figs. 62 and.63,
the reference numeral 221 designates a first support; 222, a
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 cése, 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
screvw Baz.

Also as the material for the screen 224, an opaque material is
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preferably used, if possible, to form the wall surface of the
screen 224 to obtain sharb éhadows.

-For example, the stepéing motor 222 is made to be supported by
a second. support 225.

The reference numeral 226 designates a limit switch for
detecting'the origin; and 227, a stopper for stopping the roﬁation
of the screen 224.

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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be deécribed later is carried out.

Assume that the fotatiﬁg control for the stepping motor 222 is
also driven on the basis of an instruction given from the CPU.

Next, the method of the present invention Qill be described
below with reference to not only Fig. 64 but also the flow chart of
Fig. 65 and furthermore Figs. 58A to 58C. The reéson why Figs. 58A
tq 58C are referred to ié in that Embodiments 11-2 and 1l1-1 are
different in the shape of the screen but quite equal in the
operation of the screen so that the description of éarts 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
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222 is driven counterclockwise in accordance with a normal driving
instructioﬁ given from the CPU on the basis of an instruction (ST2)
to start detection of the direction and angle (elevation angle} of
the optical axis, so that tﬁe rotor 223 begins to be rotated in the
direction of the arrow (counterclockwise) as shown in Fig. 64
(ST3). As a resﬁlt, if the output of the light or 228 begins to be
reduced at a.point of time that the front end 224a of the screen
224 rotates by angle 81 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
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between the screen 224 and the optical axis of the sun, the length
of the bottom side of the screen 224, and the gradient of the
optical axis are represented by (x, y), R and a=tan(90° - A8l),
respectively, as shown in Fig. 64, the following exéressions (12)
and (13) hold.

{x - (R/2)}% + y* = (R/2)2 ceerea(12)

y = ax = {tan(90° - ABl)}x. cesese (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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Accordingly, the angle w=z of the optical axis is calculated on
the basis of the expression (19) as long as signals corresponding
to 81 and APl are given to the CPU (ST8).

As long as £helangle w2z of the optical axis is obtained, the
héight of the sun can be obtained under the consideration of the
mount position of the solar lighting apparatus.

 When the output of the light sensor 228 contrariwise does not
_begin to be réduced (ST4), the rotor 223 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 wholé 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 detedted'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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exclusively used for driving the rotors 213 and 223 are set and
"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 aforementioned configuration however may be
replaced, for example, by a configuration in which a screen and a
light sensor are set on a rotor in a éolar lighting apparatus for
taking thg sunlight in while pursuing the sunlight every moment and
in which both the rotor and the light sénsor are designed to 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.
(;) 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 sénsors 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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the angle of the optical axis and other data such as date of
detection, etc.

(3) The screen configured as in Embodiment 11-1 (Fig. 56) has an
advantage in that the screen can be produced easily.

In the case of the screen 214 in Embodiment 11-1, a region in
which the direction and angle of the optical axis cannot be
detected exists in the vicinity of the height of the sun of about
90° though 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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(5) If the rotor and the screen are driven by the stepping motor
so that the required prism angle éf the screen is detected on the
basis of the step angle of the stepping motor, the prism angle of
the screen can be detected speedily and accurately.

(6) Because the detection of cloudy weather is based on a clear
criterion as to whether the light sensor is shaded or ndt, the
detection of cloudy weather can be performed automatically by a
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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These 1ighting prism plates (which may be hereinafter often
simply referred to as "prisms" in the descriétion of Embodiment 12)
231 and 232 are'provided with triangular micro prism portions 231a
and 232a fbrmed under the lower faces thereof as shown in Fig. 66B.
Though not shown, a gear is formed on the outer-circumference of
each of the prisms 231 and 232.

The referénce numerals 233 and 234 designate drivers for
driving 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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determined on the basis of the height and azimuth of the sun every
hour on every date and calcﬁlating the optimum priém angles of the
prisms 231 and 232 correspondingly to the current_position of the
sun and a program of instructions for driving the prisms 231 and
232 which.will be described later are stored in the setter 237 in
advance;

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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prisms 231 and 232 correspdndingly to the current position of the
suﬁ, a program (including a program for issuing an instruction to
turn over a changeover switch 238 which will be described later) of
instructions for driving the prisms 231 and 232 which will be also
described later, or the like, are stofed in the setter 237A in
advance.

The reference numeral 238 designates a changeover switch
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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to the configuration of Fig. 67, so that exclusive-use driving
gears for driving the lighting prism plétes 23l.and 232 are
provided in the drivers 233 and 234 and that a common driving
element such as-a motor, 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 over through
mechanical or electrical changeover mechanisms to transmit a
driving instruction from the setter 237A to either of the lighting
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
1§ghting 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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66A and 66B and to the solar lighting.apparatus shown in Fig. 67
(the same shall apply hereinafter).

First, when the apparatus is powered 6n so that the operation
thereof starts (ST1ll), data of the current position of the sun
every hour on the date are read in synchrqnism with a clock
included in the setter 237 or 237A-éo as to be selected from all
data which have been stored in the setter 237 or 237A (ST12).

: Accordingly, the éetter 237 or 237A first calculates a driving
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,

121



the instruction is transmitted to the driver 234 through the
changeover'switch 238. As a result, the second prism 232 is driven
by the driver 234 (STlS).I

After the setter 237 or 237A then confirms that the second
prism 232 driving instruction is canceled, that is, tﬁe second
prisﬁ 232 stops (ST16), the driving operation of steps ST12 to ST16
is repeated again.

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 éf 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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and then the displacement B of the optical axis center frﬁm the
reference center when the second prism 232 is driven first is
calculated (ST24). Then, the value of the displacement A and the
value of the displacement B are compared with each other (ST25).

In the case of ASB as a result, a driving instruction is
issued to drive the first prism 231 and then drive the second prism
232 (ST26). Though not shown in the flow chart of Fig. 69, the
-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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The driving method of Embodiment 12-2 has a feature in that
the driving sequence of the first and second prisms is controlled
to be decided by cémparison of respective driving sequences from
the point of view of the displacement of the optical axis center
from the-reference center at each point of time in order to
compensate for lowering of accuracy in lighting characteristic aé a
result of the alternate driving.

(Embodimeht 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, subsequently, 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



each other (ST35).

In the case of C2D 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 contrary, in the case of C>D, a driving instruction is
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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alternate driving.
(Embodiment 12-4)

A fourth_driving method for a solar lighting apparatus as
Embodiment 12-4 will 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 currént 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 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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232 (ST46). Though not shown also in the flow chart of Fig. 71,
the driving instruction in ST46 is executed in accordance with
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 prism
231 (ST47). The driving instruction in ST47 is executed in a
reverse sequence of steps ST15, ST16, ST13 and ST14 in Fig. 68.

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 sequénce 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 daused as a result of movement of the center of the optical
axis at each point of time in 6rder 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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to the present invention is not limited to the afo;ementioned
embodiments.

For example, although the embodiments of the present invention
have shown the case where the current position of the sun is
detected in synchronism between a clock and solar position data
every hour on every date stored in advance in the setter 237 or
2373, the invention can be applied.to the case where a sunlight
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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respect to the roof of the building instead of the aforementioned
lighting prism plates arranged horizontally or a solér lighting
apparatus having lighting prism plates arranged vertically on the
wall portion of the buildiﬁg instead of the-aforementioned lighting
prism plates arranged horizontally. The lighting prism plate
driving method of the present invention is also applied to the
solar.lighting apparatus having the lighting portion provided with
the lighting prism plates arranged as described above.

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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the sequence ST23—ST24 is replaced by the procedure of the sequence
ST24—-5T23 and then comparison between A and B is made in ST25.

Although Embodiments 12-2 to 12-4 have been described 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 timé can be set variously in accordance.with needs in the
setting place. For example, the wait time may be set to be 1
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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prism plates wiil be described upon Embodiment 12-1. That is, it
is possible to use é driving method which is applied to a
combination of a plurality of lighting prism plates such that the
first and second prismé are driven first in ST13, the stopping of
the first and second prisms is then confirmed in ST14, the third
prism is then driven in ST15 and the stopping of the third prism is
confirmed in ST16. |

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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apparatus is reduced by the reduction of the number of driver
elements or controller elements correspondingly, if the common
driQer elements or controller elements are used so as to be
selected by the changeover means when the lighting prism plates are
driven.

(3) Further, if #he aforementioned driving methods (1) and (2) are
c;rried out after the driving sequence of the lighting prism plates
to 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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basis df Embodiments 13-1 to 13-4 shown in Figs. 72 through 77C.
(Embodiment 13-1)

Embodiment i3-l of the present invention will be described
with reference to Figs. 72 through 75. Fig. 72 is a perspective
view showing the mount condition of a micro switch. 1In Fig. 72,
the reference numeral 240 designates a ring position driven lever.
A ring position detection roller 241 is rotatably provided at an
end of the lever 240.. A spring seat 240a for a spring 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 2584 fofmed of the same material (polycarbonate, or the

like) as the lighting prism plate 251 are arranged so as to cross
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each other as shown in Fig. 75 to thereby integrally rotate the
lighting prism plate 251 and a rotary ring 257 arranged outside the
1ightin§ prism plate 251 and provided so as to be concentric with
the lighting prism plate 251.

A gear not shown in Fig. 75 (designated by the reference
numeral 257G ip Figs. 73A énd 73B) is provided on the outer
circumference of the rotary ring 257 so that the rotary ring 257
supplied with torque from a driving gear 259a of a ;otation driver
259 rotates. 1In Fig. 75, the reference character S designates a
"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 roller.

In Figs. 73A and 73B, the reference numeral 245 designates an
origin roller which is rotatably provided in the lower end portion
of a support plaﬁe 246a of a mount fitting 246 which is described
és follows.

The mount fitting 246 is composed of a leéleés chair-shaped
pressure plate_246a,'and a sectionally C-shaped support plate 246b.
A vertical portion of the pressuré plate 246a is fixed to an inner
circumferentiél wall 257a of the rotary ring 257 by driving a screw
247a into a screwhole bi. A horizontal pértion of the pressure
plate 246a is put on the upper end of the support plate 246b and
fixed_to an edge portion 257b of the rotary ring 257.by driving a

'screw 247b into screwholes bz and bz so that the pressure plate
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246a and the support plate 246b are united into one body. The
.origin roller 245 is'brovided at the lower end of the support plate
246b so as to face fhe coptact 244c of the micro switch 244. 1In
this case, the mount position of the origin roller 245 is set so
that the origin roller 245 makes the contact 244s operate when the
rotary ring 257 is rotated to a position opposite to the contact
244s of the micro switch 244,

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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2445 via the guide plate 244a of the micro switch 244 as shown in
Fig._74B, the origin roller 245 pushes the contact 244s to make the
contact 244s operate so that an origin position detection signal is
sent ouf from the output terminal 244c (see Fig. 72).

Because in this 6ccasion the contact 244s is pushed up as
shown in Fig. 74B, the lever 240 rotates slightly counterclockwise
with use of the rotary shaft 240b as a fulcrum. Accordingly, the
spring 243 is strefched to thereby rotate the lever 240 further
counterélockwise. 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 prism plate 251 reaches thé
position of the origin is arranged in a predetermined position
togefher with a body of the micro switch. 1In this occasion, the
ring position detection roller 241 integrally attached to the micro
switch 244 is always pressed against the rotary ring 257 by the
spring 243 through thé lever 240 so that the roller 241 is driven
to rotate by the rotation'of the rotary ring 257 continuously. As
a result, even in the case where the locus 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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Embodiments 13-2 and 13-3 of the present invention shown in_.
Figs. 76A and 76B will be described below. 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 75 and the
description of the parts will be omitted.

(Embodiment 13-2)

As shown in Fig. 76A, the origin roller 245 mounted to the
rotary ring 257 side 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.
(Embodiment 13-3)

This embodiment is configured as shown in Fig. 76B.

This embodiment is different from Embodiments 13-1 and 13-2 in
that the origin roller 245 is rotatably attached to the mount
fitting 264A provided on the rotary ring 257 side and having a
length which is extended toward the center of the rotation of the
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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provided outside the lighting prism plate 251 so as to be
concentric with the lighting prism plate so that the position of
the origin of the lighting prism plate 251 is detected through the
rotary ring 257.

In this embodiment, there is shown an example of configuration
in which the position of the origin of the lighﬁing prism plate is
directly detected by using the aforementioned technical thought of
the present invention even in the case where the rotéry 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 prism position detection roller
266 is rotatably provided on the lighting prism platé 251 side of
the lower side 265b of the lever 265 and fixed to the fixed portion
242 through the rotary shaft 267. The reference numeral 268
designates a spring which is designed so that not only the pgism
position driven lever 265 is rotated with use of the rotary shaft
267 as a fulcrum by the spring pressure of the spring 268 but also
the prism position detection 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 limited to the
aforementioned embodiments.

For example, although'eéch of Embodiments 13-1 to 13-3 is
configured so that the origin roller 245 is arranged below the
inner diameter of the rotary ring 257 and that the contact 244s of
thé micro switch 244 is arranged below the inner diameter of the
rotary ring 257 correspondingly to the position of the origin
roller 245, the éresent 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 loﬁer face side of the outer
circumference of the lighting prism plate'251 through.the mount
fitting 264 and that the prism position detection roller 266
provided in the prism position driven lever 265 correspondingly to
the origin roller 245 is arranged in a position which.is below the
lower face of the lighting prism pléte 251 and opposite to the
origin roller 245.

Further, 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 arrangement of
the origin roller and further because the position of the origin
can be adjusted also by control means_such as a micro computer, or
the like, which is arranged separately to generate a drive control
instruction to control the drive of the lighting prism plate.

Being provided with the origin position detector in the solar
lighting apparatus, the solar lighting controller of Embodiment 13
has excellent 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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locus so as to rotateé around a predetermined shaft as a fulcrum
with the assistance of a spring so that the positional relation
between the origin roller and the contact of the micro switch is
compensated for.

Accordincly, the position of the origin of the lighting prism
plate can be detected élwaYS accurately regardless of the
fiuctuation of the locus of ;otation 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 arrcnged 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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What is claimed is:
1. A solar lighting apparatus in which: a plurality of lighting
prism plates are rotatably arranged in a lighting portion at
intervals of a predeterminéd distance; and prism angles (angles of
rotation) of said lighting prism plates are controlled
cérrespondingly to the height and azimuth of the sun so that the
sunlight refracted by said lighting prism plates goes out in a
predetermined direction; wherein

when tﬁo, first and second, lighting pgism plates are used as
said lighting prismfélates, the condition given by either one of
the following expressions (1) and (2) is satisfied:

(|jor| + |oL|)/2 2 (90° -~ fa) ceveefl)
|6H| = |6L| I 3 |

in which 0L represents the minimum height incident light outgoing
angle between outgoing light and the normal line when objective
light rays at the lowest height of the sun goes out from said first
lighting prism plate, 0H represents the maximum height incident
light outgding angle between outgoing light and'the normal line
when light rays at the.highest height of the sun goes out, and @«
represents a permissible incident angle range in which said second
lighting prism plate can 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
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incident face of the lighting prism plate in the direction of
incident light rays.
3. ‘A solar lighting apparatus according to Claim 1, wherein
micro prism portions are formed on the lower face portion of each
of said lighting prism plates, a distance of displacement S is
provided between en end portion of inoperative faces of the micro
prism portions of one lighting 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 expressions:

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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outgoing angle of the lighting prism plate at the highest height of
the sun.

5. A solar lighting apparatus according to Claim 1 or 4, wherein
when a plurality of lighting prism plates are used at léast one
lighting prism plate using a material different in Abbe number is
mixed in the pluralitylof lighting prism plates arranged in the
lighting portion.

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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a drive means having a driving roller for rotaﬁing said
lighting prism plate on the basis of a predetermined control
instruction corresponding to the height, azimuth, etc. of the sun;

a pressure means for elastically pressing said lighting prism
plate from one side; and

a support means for rotatably supporting said lighting prism
plate from a side opposite to said pressure means.

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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of the sun, and a setter such as a micro computer for receiving a
signal from said sunlight condition detector and giving a control
instruction to said motor.

12. A solar lighting apparatus provided with said lighting prism
plate driver/holder according to Claim 9, wherein said drive means
has a first torque transmission means such as a gear provided on an
outer circumference of said driving roller, and a second torque
transﬁission_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 san be absorbed.

15. A solar lighting apparatus for a skylight, comprising a
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lighting means for performing lighting correspondingiy to the
height and azimuth of the sun the direction of ;ight rays of which
chaﬁges every moment with respect to a skylight for taking sky
light indoor, wherein said lighting means is formed so that one
lighting prism plate is arranged or a plﬁrality of lighting prism
plates are arranged one on another in the up/down direction at
‘intervals of a predetermined distance and that each tﬁe lighting
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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of the lighting prism plate or an origin roller provided in a
reference position of an 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 concentric with the lighting prism plate;

a mechanical micro switch in which a contact is made to be
operated by said origin roller in a locus of rotation of the
lighting prism plate or the 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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direction;

a solar lighting controller comprising a central processing
unit'including a solar position detectqr for detecting the height
and azimuth of the sun at each point of time in.a place where said
sblar lighting apparatus is set, and an arithmetic operation
storage means such as a micro computer, wherein a solar position
signal containing the height and azimuth of the sun at-each point
of time given from said solar position detector is given to said
central processing unit and subjected to arithmetic processing in
said central proéessing 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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| léast date and time, wherein éolar position data every hour are
read into said setter in connection with the time méasurement.
function to thereby set the prism angle of each the lighting prism
plate driven as described above.

20. A solar lighting controller according to Claim 18 or 19,
further comprising a sunlight lighting éondition detector arranged
so as to bé opposite to each the lighting prism pléte, wherein: the
output signal of the lighting condition detector is 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 oberation 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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