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The present xhvehi:ion relates to an improvement in a solar 
...... 

lighting apparatus hav1ng 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 whereas a 

portion indicated by the two-dot-and-dash line shows the 

configuration of Embodiments 6-1 to 6-4 according to the present 

invention. In Fig. 78, the reference numeral 301 designates a roof 

of a building; 302a to 302d, walls of the building; 303a and 303b, 

windows; and 304, an electric lamp provided in a room of the 

building. 

The reference numeral 305 designates a solar lighting 

apparatus; 306, a duct through which the sunlight collected by the 

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

prism plate which is a chief constituent member of a lighting 

l 

\ 



\ 

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 Japanese Patent Unexamined Publication CJP­

A> No. 61-180217. 

In the structure described in Japanese Patent Unexamined 

Publication CJP-A> No. 61-180217, as shown in Figs. 79A and 79B, in 

a condition in which two· transparent plates having finely roughened 

surfaces for performing a prism function, that is, so-called 

lighting prism pl~tes CFlesnel prisms> Pi and P2 are laid to 

overlap each other, at least one lighting prism plate Pi Car P2) 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/holder in the 

conventional solar lighting apparatus, there arise problems as 

·follows. 

Cl> 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 
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how to hold the lighting prism plates in this occasion are however 

unclear. In other words, the structure of a lighting prism plate 

driver/holder is unclear. Accordingly, it is difficult to produce 

a practical apparatus of the prior art. 

c2·> 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 Pi and P2 of 

Figs. 79A and 79B, a shaft is provided in the center axis C of the 

lightin_g prism plates Pi and P2 so that not only this shaft is 

rotatably held but also torque 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 shaft are projected onto 

the lighting prism plates, so that the sunlight collecting effect 

is lowered greatly. 

As a conventional example of the lighting prism plate, there 

is a lighting prism plate, for example, shown in Fig. 80. In Fig. 

80, the reference numeral 351 de~ignates a lighting prism plate in 

which a plurality of saw-toothed micro prism portions 35lai, 35la2, 

35la3, ••• having vertical inoperative faces Cwhich are not used as 

optical faces> K are formed on the lower face of the lighting prism 

plate 351. Accordingly, in this occasion, the inoperative face 

angle a: 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 
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of the lighting prism plate. 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 

given from ·a micro computer, or the like. 

In the aforementioned configuration, transmitted light goes 

out of the lighting prism plate 351 at an outgoing angle of eh as 

~epresented by the broken line when the sun is at a relatively high 

height Cor altitude, but hereinafter wholly referred to as 

"height"> of Ti whereas transmitted light goes out of the lighting 

prism plate 351 at an outgoing angle of a. as represented by the 

two-dot-and-dash line when the sun is at a relatively low height of 

Further, when the sun is at a lower height of T3, transmitted 

light is, however, blocked by the inoperative face K of the 

lighting prism plate 351 so as to be reflected to an ineffective 

region. 

As describ~d above, analysis of the property of the prior art 

type lighting prism plate 351 shows the following results. 

Cl> 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 one micro prism portion strikes on the inoperative face 

of. the next micro pr ism portion. 

C2> Further, in the case where a plurality of lighting prism 
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plates 351 are used in this system, for example, outgoing light 

from the first lighting prism plate is required to be effectively 

incident on 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 diffusion plate which 

is provided as occasion demands and which serves to diffuse sky 

light to take the diffused sky light indoors. 

That is, the basic object of the conventional skylight 

apparatus is to take mainly sky light indoors as room lighting but 

not to positively control the direction of light taken indoors. 

Because the convention skylight apparatus has the configuration in 

which sky light is taken indoors simply as described above, there 

arises a problem that a sufficient quantity of light cannot be 

obtained as room lighting. Further, also in the case where a 

diffusion plate is arranged in the outgoing portion of the indoor 

side, there is nothing but diffusing sky light to lead the diffused 

s~y light indoors. Therefor, a skylight apparatus having a light 

distribution plate set instead of the diffusion plate is seen but 
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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 i·s 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 light distribution plates 

are required. 

Further, a conventional solar lighting controller is 

configured, for example, as shown in Fig. 82. In Fig. 82, the 

reference numeral 501 designates a flat lighting prism plate 

constituting a lighting portion. The lighting prism plate 501 has 

a plurality of triangular micro prism portions SOla which are 

formed on the lower face portion thereof( and teeth Cnot shown> 

which are formed on the outer circumferential portion thereof so as 

to engage with teeth 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 the driving force of the 

motor. The reference numeral 504 designates a central processing 

unit (hereinafter referred to as "CPU"> constituted by an 

arithmetic operation storage means such as a micro computer, or the 

like. The CPU 504 has a storage 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 
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gear 503 and the motor 502; and 507 and 508, lead wires, 

respectively. 

In the aforementioned 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 SOS. 

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 S02 to rotate the lighting prism 

plate SOl through the gear 503 to thereby pursue 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 device in advance 

so that a control signal is computed by the CPU while the sunlight 

is pursued only on the basis of the data given 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 
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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. 

Furthermore, there arises a problem that a long time is taken when 

control due to the CPU is performed on the basis of the data which 

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 612a, 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 designates a setter which gives 
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driving instructions for determining prism angles 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 cioncerning prism angles of the lighting prism plates 611 

and 612 for optimizing the prism angles of the lighting prism 

plates 611 and 612 correspondingly to the height and azimuth of the 

sun <hereinafter 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 driving the conventional 

solar lighting apparatus will be described below with reference to 

Fig. 83C which is a flow chart. 

When the apparatus is powered on to start its operation (STl>, 

data concerning the current position of the sun every hour on the 

date are read from data having been already stored in the setter 

617 in connection with a clock included in the setter 617 (ST2>. 

Driving instructions for the lighting prism plates 611 and 612 

are issued to the controllers 615 and 616, respectively, on the 

basis of the data read as described above <ST3>. 

Accordingly, the lighting prism plates 611 and 612 are driven 

simultaneously by the respective drivers 613 and 614 to form 
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required prism angles set by the setter 617. 

Hence, the solar lighting apparatus always collects light rays 

of the sun in a predetermined direction regardless of the change of 

the position of the sun. 

In the solar lighting controller for driving the conventional 

solar lighting apparatus, there arise the following problems in a 

practical case. 

<l> Because the lighting prism plates are often driven 

simultaneously, the controller has a merit that the driving can be 

controlled continuously, that is, lighting characteristic can be 

improved in accuracy. On the contrary, because the capacity of the 

power supply becomes large, not only the cost of the controller 

increases but also electric power consumed by the controller 

increases. 

<2> Accordingly, the driving method in the conventional solar . 

lighting controller cannot 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 conventional solar 

lighting controller is configured, for example, as shown in Figs. 

84A, 84B, 84C, BSA 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 705 as a light-emitting element is put into a lower leg 

portion 704a of a C-shaped resin package 704, and a phototransistor 

706 as a light-receiving element and an electric source therefor 

and elements relevant thereto are put into an upper leg portion 

704b of the package 704. After the optical sensor 703 is arranged 

in a position where the light ray shutter 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 705ai and 705a2 designate input 

terminals of the optical sensor 703 <that is, input terminals of 

the photodiode 705)~ and 706ai and 706a2, output terminals of the 

o~tical sensor 703 Cthat is, output terminals of the 

phototransistor 706 or output terminals via other elements relevant 
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thereto>. In the following description and in Figs. 84A, 84B, BSA 

and 85B, these input and output terminals are expressed as single 

lines 70Sa and 706a, respectively. 

In the aforementioned configuration, when electric power is 

supplied to the light sensor 703 through the input terminal 705a so 

that, for 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 shutter 702 in a condition shown in Fig. 

84A. As a result, the voltage between the output terminals 

changes, so that the light 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. 

As a result,_the voltage between the output terminals of the light 

sensor 703 returns to its original value, so that the light sensor 

703 generates an OFF signal. 

In the origin position detector of 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 lighting prism plate 

holding mechanism, backlash may occur in the holding of the 
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lighting prism plate. On the other hand, the lighting prism plate 

expands or contracts thermally correspondingly to the change of the 

ambient temperature in use, so that the outer diameter of the 

lighting piism plate changes. 

When, for example, the lighting prism plate 701 expands 

thermally as shown in Fig. BSA, 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 light ray shutter 702 

passes through the opening portion 704c of the light sensor 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 wnere backlash occurs in the holding of the lighting prism 

plate. 

<2> As a measure counter to the aforementioned situation, it may 
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be thought of that a light sensor having an opening portion (sensor 

slit> with a large vertical 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. In each of the cases, a large cost is required. 

<3> Further, the tolerable temperature of the existing light 

sensor is structurally in a range of from about UC to about 6U 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 temperature of the portion 

in which the light sensor is arranged is estimated to be as high as 

about IOU C in the summer which is the hottest season. In the 

solar lighting apparatus, there is a risk that the light sensor 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 further object of the present invention is to provide a 

solar lighting apparatus in which the probability that the blocking 

of transmitted light by an inoperative face of a flat lighting 

prism plate 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 inven.tion is to provide a 

solar lighting 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 provide a 

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 pr~btical device. 

A further object of the present invention is to provide a 

solar lighting apparatus which has a holder for holding a lighting 

prism plate stably regardless of the ~eformation 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 present 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 characteristic 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 rotatably arranged in the lighting 

portion at intervals of a predetermined distance, and prism ang~es 

<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 <l> and 

<2> is satisfied: 

< 1ea1 + lllLj>/2 ~ <90" - eo:> 

I OH I !; IOLI 

••••• ( 1) 

••••• ( 2) 

in which BL 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 the first 

lighting prism plate, 8H represents the m~ximum 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 Bo: 

represents a permissible incident angle range in which the second 

lighting prism plate can be controlled. 

Preferably, micro prism portions are formed on either one of 

or each of the first and second lighting prism plates so as to be 

opposite to an incident face of the lighting prism plate in the 

direction of incident light rays. 

17 



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 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: and the distance of displacement S 

is determined in a range 0 < S < P CP: prism pitch> so that the 

transmittance is maximized~ 

Preferably, the inoperative face angle a of each micro prism 

portions of at least one of the lighting prism plates satisfies the 

following expressions: 

90° < a. ~ a. • •••• ( 3) 

••••• ( 4) 

in which a. represents the outgoing angle of the lighting prism 

plate at the lowest height of the sun, and ah represents the 

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

the sun. 

Preferably, at least 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 combination of the lighting prism plates, one 

member s~lected from the group of polymethyl methacrylate, 

p~lymethylpentene, 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 plates. 

Preferably, in order to prevent the surface 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 provided: a drive means having a driving 

roller for rotating the lighting prism plate on the basis of a 

predetermined control instruction corresponding to the height, 

azimuth, etc. of the sun; a pressure mearis 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 which are 

ar.ranged 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 setter 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 outer 

circumference of the driving roller, and a second torque 

transmission means such as a gear, or the like, provided on the 

-
outer circumference of the lighting prism plate or on the outer 

circumference of a concentric ring united with the lighting prism 

plate for receiving torque transmitted by the first torque 

transmission means, so that the lighting prism plate is driven on 

the basis of the control instruction given to the drive means. 

In this case, preferably, the li~hting prism plate is held by 

using a plu~ality of holding plates made of transparent resin. 

In this case, preferably, the holding plates are idly mounted 

on a metal rotary ring through insertion or stoppage fittings 

provided separateiy so that differences in expansion/contraction 

due to thermal ~xpansion coefficients of the holding plates and the 

lighting prism plates can be absorbed. 
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Preferably, the solar lighting apparatus for a skylight, 

comprises a lighting means for performing lighting correspondingly 

to the height and azimuth of the sun the 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 plateCs> is rotated to thereby 

obtain optimum incident light corresponding to the height and 

azimuth of the sun. 

In this case, if room light distribution 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 of 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 

i~ integrally provided on the outer circumference of the lighting 

pris• plate so as to be concentric 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 driven means for supporting a prism/ring position 

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. 

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 

each point of time given from the 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, the solar lighting controller may 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 the prism 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 prism plate, wherein: the output signal of the lighting 

condition detector is given to the central processing unit or the 

arithmetic operation storage means; ~rithmetic processing is 

performed 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. 

Further, in the solar lighting controller, .a lighting prism 

plate driving method may be carried out so that the lighting prism 

plates are driven one.buy one alternatively and intermittently in a 

predetermined sequence so that optimum prism angles are obtained 

correspondingly 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 steps of intermittently driving the 

respective lighting prism plat~s is completed, a predetermined wait 

time may be provided before the driving operation of the preceding 

steps is repeated. 

Further, in the solar lightin~ controller, driving elements 

such as motors, or the like, provided as constituent elements of 

the lighting prism plate driving means may be provided as common 

driving elements of a smaller number than the number of the 

lighting prism plates so that the common driving elements are used 

to be common to a plurality of lighting prism plates through 

switching means. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figs. lA to lD show Embodiment 1-1 of the present invention, 

Fig. lA is a schematic front view showing the basic configuration 

thereof, Figs. lB and lC are explanatory views showing the minimum 

height incident light ray outgoing angle BL and the maximum height 

incident light ray outgoing angle OH, respectively, and Fig. lD is 

an explanatory view showing a permissible incident angle range Bai 

Fig. 2 is a table showing experimental results Coptical 

characteristic> in the ~pecifications of lighting prism plates in 

Embodiment 1-1 of the present invention; 

Figs. 3A and 3B are front views of important part in 

Embodiment 1-2 of the present invention; 

Fig. 4 is a table showing optical characteristic in the 
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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 example; 

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 present invention, Fig. BA shows the shape of lighting 

prism plates, and Fig. 8B shows. dispersion corresponding to the 

solar height in the case of Fig. SA; 

Figs. 9A and 9B are tables showing conditions for Embodiment 

2-4 of the present invention, Fig. 9A shows the shape of lighting 

prism plates, and Fig. 9B shows dispersion corresponding to the 

solar height in the case of F{g. 9A; 

Figs. lOA and lOB are tables showing conditions for a 

comparative example, Fig. lOA shows the shape of lighting prism 

plates, and Fig. lOB shows dispersion corresponding to the solar 
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height in the case of Fig. lOA; 

Fig. 11 is a front view of important part in Embodiment 3-1 of 

the present invention; . 

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 characteristic between the prior art and 

Embodiments 3-2 and 3-3 of the present invention; 

Fig. 15 is a front view showing the schematic configuration 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 CPMMA> and the case where the lighting portion is 

constituted by a lighting prism plate material (PC> in Embodiment 4 

of the present invention; 

Fig. 19 is an explanatory view showing the condition of 

s~nlight 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 9Tl; 

Fig. 20 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 

lighting prism plate is 6T2; 

Fig. 21 is a characteristic view showing relations between 

incident angle, deflection angle (intensity of refracting power>, 

etc. at entrance/exit of sunlight to/from a lighting prism plate in 

Embodiment 4 of the present invention; 

Fig. 22 is a characteristic graph showing relations between 

incident angle range and d·eflection 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 invention; 

Fig. 23 is a schematic explanatory view of a solar lighting 

apparatus showing Embodiment 5 of the present invention; 

Fig. 24 is an explanatory view concerning reflection of light 

in Embodiment 5 of the present invention; 

Fig. 25 is a graph of results of calculation of surface 

reflectance due to 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; 

27 



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 driv~r/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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Embodiments 8-1 to 8-3, respectively; 

Fig. 38A is a front view showing an experimental equipment for 

performing a fundamental experiment on the configuration of 

Embodiment ·8-1 of the present invention, and Fig. 38B is a table 

showing results of th·e experiment; 

Fig. 39 is a front view showing an experimental equipment 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.41 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. 4·7 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; 

Fig. 51 is a schematic configuration view 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 invention; 

Fig. 56 is a perspective view showing the overall 

conf igur~tion of Embodiment 11-1 of the present invention; 

Fig. 57 is a perspective view showing the overall 

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. SBA· to SBC are plan views of important part for 

explaining the operating theory of Embodiment 11-1 of the present 

invention; 

Fig. 59 is a view for explaining the theory of calculation of 

height ~ 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 ~1 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 the present invention; 

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; 

Fig. 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 

configuration of a first 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, and 

Fig. 66B is an enlarged front view of important part of the 

lighting prism plate; 

Fig. 67 is a schematic front view showing an example of 

configuration of a 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 showing 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; 

Fig. 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 tpe 

position of the origin is detected; 

Fig. 75 is a plan view showing the overall configuration of 

the solar lighting apparatus to which the origin position detector 

in Embodiment 13-1 of the present invention is applied; 

Fig. 76A is a plan view of important part showing Embodiment 

13-2 of the present invention,_ and Fig. 76B is a plan view of 

important part in Embodiment 13-3 of the present invention; 

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 explaining 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 schematic 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 a~e 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 

34 



origin and after the detection of the position of the origin, 

respectively, and Fig. 84C is a perspective view showing the 

detailed configuration of the light sensor; and 

Figs. ·asA and 85B are views showing a conventional apparatus, 

Fig. BSA 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 DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Embodiment 1 

Embodiment 1 of the present invention which concerns the 

conditions of an·improvement in the lighting efficiency of lighting 

prism plates used in a solar lighting apparatus will be described 

below as Embodiments 1-1 and 1-2 with reference to Figs. lA to 10, 

Fig. 2, Figs. 3A and 3B, and Fig. 4. 

<Embodiment 1-1> 

Figs. lA to 10 show Embodiment 1-1 having a basic 

configuration in which two flat lighting prism plates l and 2 as 

shown in Fig. lA are arranged up and down at a predetermined 

distance so as to be able to be rotated by means of motors Ml 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 

constituted by these lighting prism plates 1 and 2 is prov1ded as 

follows. 
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Although prism pits are not shown in each of the lighting 

prism plates 1 and 2 of Fig. lA for the·sake of simplification, 

prism pits as shown in Figs. lB to lD are provided on the second 

faces of the respective lighting prism plates 1 and 2 in order to 

form micro prism portions PAl and PA2. 

In Figs. lB to lD, 9Tl and OT2 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 given by the expression: 

< !OHi + IOLl>/2 ~ <90° - Ba> ••••• ( 1) 

where OL represents an angle between outgoing light and the normal 

line of the first lighting prism plate 1 in the case of a low 

height of the sun <which is a target> as shown in Fig. lB <an 

outgoing angle of lowest position incident light>, OH 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. lC Can outgoing angle of 

highest position incident light>, and Ba represents a permissible 

incident angle range permitting the second lighting prism plate 2 

to be controlled as shown in Fig. 10. 

Specifically, an ideal condition is given when the requirement 

is set so that the values of 9H and 9L satisfy the following 

e~pression. 

• •••• ( 2) 
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In the solar lighting apparatus configured under the 

aforementioned constitutional requirements, in each of the cases of 

low and high heights of the sun as shown in Figs. lB and lC, 

incident light is controlled to be arranged substantially 

perpendicularly to the prism pits by rotating the respective 

lighting prism plates 1 and 2 correspondingly to the height of the 

sunr so that the outgoing light from the first lighting prism plate 

1 can be controlled to be entirely used as outgoing light from the 

second lighting prism plate 2 in order to obtain optimum room 

lighting. 

In this occasion, lighting control may be made sufficiently 

even in the setting condition according to the expression Cl> but 

lighting control can be made substantially 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 fully reflected so as not to be 

transmitted by the lighting prism plates. 

Further, prism rotating control can be made with good balance 

in refracting power between the lighting prism plates 1 and 2 and 

with no problem in practical use, so that the transmittance thereof 

is improved. 

In the case where the condition according to the expression 

C2> is selected, as a condition to be satisfied, from the 
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aforementioned conditions, lighting prism plate rotating control is 

easier compared with the case where the condition according to the 

expression Cl> 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 la to 8~ , 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; PA!, a plurality of micro prism portions 

formed on the second face, as the outgoing side, of the first 

lighting prism plate l; PBl, a plurality of micro prism portions 

formed on the first face, as the incident side, of the lighting 

prism plate l; 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 of 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 micro prism portions PB! 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 micro 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 S 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 plate 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 1 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 formed 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 portions PB2 formed 

thereon. 

Being configured as described above, Embodiment I.has 

excellent effects as follows. 

Cl> Outgoing light from the fir·st lighting prism plate entirely 

goes out from the second lighting 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 condition according to the 

expression Cl>, the control is more improved in the setting 

condition according to the expression <2> so that the control c~n 

be made substantially perfect. 

<2> Because there is good balance in refracting power between the 

respective lighting prism plates, the lighting prism plates are 

adapted to the height change 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 more 

g~eatly, 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 

mate~ial 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 Cwhich 

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 ~ prism 2lai to 2lan is represented by y; the prism angle 

on the outgoing side is represented by 6; the pitch between prism 

edges is represented by 2; the thickness of each of the prisms is 

represented by the distant t. Specifically, the incident angles, 

outgoing angles, pitches and plate thicknesses of the prisms 

arranged in the first, second, ••• and n-th stages are expressed by 

affixing numerals corresponding to the numbers of the prisms to the 

aforementioned symbols respectively. 

The magnitude of dispersion is expressed by an angle of a gap 

between outgoing light rays F and C as 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 

h?ving 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 arranging prisms of the same material 

as a plurality of stages will be described as a· comparative 

example. 

Here, the shapes of prisms using polycarbonate (hereinafter 

abbreviated to "PC"> as the prism material are shown in Fig. lOA, 

and dispersion corresponding to the height of the sun in the case 

of use of the prisms is shown in Fig. lOB. 

In this system, the prism angles of the first and second 

prisms are controlled correspondingly to the change of the height 

of the sun, so that dispersion of 2.3° is created at maximum as 

shown in Fig. lOB. 

<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 which 

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.~ as shown in Fig. 

6B, so 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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high. 

<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 third prism of. PC, which have the shapes shown in Fig. 

7A respectively. 

In this embodiment, the first, second and third prisms are 

rotated correspondingly to the height of the sun to thereby perform 

lighting control. 

As a result, maximum dispersion is l.S 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. BB shows dispersion corresponding to the height of the 

sun in 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 third 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 result, maximum dispersion is 1.T as shown 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.S as shown in 

Fig. 9B, so that this apparatus has such a characteristic that 

dispersion is very small particularly in the case of a low height 

of the sun. 

Being configured as described above, Embodiment 2 has 

excellent effects as follows. 

Cl> As is clear from the aforementioned experimental result, it 

has been confirmed 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 di-spersion 

between outgoing light rays can be decreased greatly. 

C2> Accordingly, light after lighting can·be carried efficiently 

through optical duct or optical fib_er 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. 

CEmbodiment 3-l> 

Fig. 11 shows Embodiment 3-1 of the present invention in which 

a lighting prism plate 32 having a plurality of micro prism 

portions 32ai, 32a2, 32a3, ••• 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 32 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 example, a torque transmission means for 

transmitting the driving force of the motor to the outer 

circumference portion of the lighting prism plate 32. 

This motor is designed to rotate at an appropriate speed 

correspondingly to the movement of the sun in .accordance with an 

instruction given from a CPU not shown. 

A lighting portion equipped with lighting prism plates 32 

configured as described above is arranged on the roof of a house 

shown in Fig. 78, which will 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 nA of the 

45 



inoperative face of each micro prism portion satisfies the 

following expressions. 

90° < aA ~ O. 

fih .S: o:A ~ 9. 

• •••• ( 3 ) 

• •••• ( 4) 

Of two these expressions, the expression <3> is particularly 

important so that at least this condition 90" < aA ~ B. is required 

to be satisfied. Here, o. rep~esents the outgoing angle at the 

lowest height of the sun, Oh represents the outgoing angle at the 

highest height of the sun, and P shown in Fig. 11 represents the 

pitch of the micro prism portions. 

The configuration characteristic of the present invention is 

in that the angle aA of the inoperative face in each of the micro 

prism portions 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 suri is located in a position T2 

of relatively low height. 

<Embodiment 3-2> 

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

The lighting apparatus of this type is generally formed by 

piling 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 formed so that the angle of the inoperative 

face thereof is 90° which is as much as ·the case of the prior art. 

The configuration characteristic of this embodiment is such that 

the second lighting prism plate is arranged relatively 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 Cin which P represents the pitch 

of the respective prism portions> to thereby make the transmittance 

largest. In this occasion, the increase of the transmittance in 

this means can be made largest as long as the distance of 

displacement S in this embodiment 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 prism plate is 

ought to be arranged so as to be equipped with a displacement 

47 



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. Pi and 82 is 4~ ~ and each of aA and aB is 

9U in Fig. 12. As a result of the experiment, a characteristic 

graph (b) expressed by the dot-and-dash line in Fig. 14 is 

obtained. 

In this occasion, the transmittance is obtained in the case 

where the respective lighting prism plates are rotated so that 

outgoing light entirely 9oes out perpendicularly (in the direction 

of the optical axis). 

Compared with a characteristic graph Ca> of the prior art in 

the case of the displacement distance S = O, 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 T4 of the sun, the incident light 

passes through the respective lighting prisms 33 and 34 as 

indicated with the solid line in Fig. 12. 

When the sun comes in the position T4 lower.in height than the 

above case, the incident light passes through the lighting prism 33 

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

of the same lighting ~rism 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 in that 

the uppermost (first> l~ghting prism plate 35 is designed in the 

same manner as the lighting prism plate 32 shown in Fig. 11 so that 

the inoperative face angle aA thereof satisfies the following 

conditional expressions in order to eliminate the problem in the 

aforementioned Embodiment 2-2. 

9Q° < aA ~ Be 

9h ~ aA ~ 9. 

• • • • • ( 5 ) 

• •••• ( 6) 

In this occasion, the expression CS> is an important 

conditional expression but the expression <6> need not always be 

satisfied. 

Although this embodiment shows the case where the inoperative 

face angle aB of the second lighting prism plate 34 is selected to 

be 9Q° in the same manner as in Embodiment 3-2, the angle aB is 

·preferably selected to satisfy the aforementioned expressions <S> 

and < 6 >. 

As an experimental example for this embodiment, an experiment 

of the transmission condition of the solar light has been made in 
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the case of pitch P·= 1 mm, displacement distance S = 0.3 mm, aA = 

lla , aB = 9a , and Bi = 82 = 4S • A result of the experiment is 

expressed by the solid line <c> in Fig. 14. 

Also in this embodiment, 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>. 

As shown in the curve Cc> 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 

Cc> of Fig. 14, data are arranged while the light reflected by the 

inoperative faces is regarded as 0 for the sake of simplification 

unde.r the consideration that the reflected light is not effective. 

Because Embodiment 3 is configured as described above, 

Embodiment 3 has excellent effects as follows. 

<l> The respective inoperative faces aA and aB <hereunder 

generally referred to "a") formed on the lower surfaces of the 

lighting prism plates are formed so as to satisfy at the least the 

expression 9a < a ~ e. so that the rate of transmitted light 

blocked by the inoperative faces is lowered, the total 

transmittance increases so that the lighting efficiency is improved. 

50 



(2) In the case 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 which is similar to but 

smaller in the degree thereof than the function shown in the 

paragraph Cl> can be performed. 

<3> If the plurality of lighting prism plates are formed to have 

the shape of the lighting prism plate shown in the paragraph Cl> 

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 Cl> and <2>. Accordingly, the present invention has a 

very wide range of application to a lighting apparatus for a solar 

system house. 

Embodiment 4 

Embodiment 4 of the present 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 first and second lighting 

prism plates having apex angles 9Tl and 9T2 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 6Tl. 

That is, there is shown the fact that. the transmittance of the 

solar light decreases as the apex angle of the prisms increases. 

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 transmitted and cannot be controlled. 

Fig. 21 shows relations between incident angle 6i, deflection 

angle 82 <intensity of ref~acting power>, etc. in the case where 

the solar light enters a prism and goes out from the prism. In 

Fig. 21, 9T presents the apex angle of the prismj and BN represents 

a range of the incident angle. 

Fig. 22 shows the mean value <degrees> o·f deflection angles 

corresponding to the incident angle range (degrees) of the prism 

with the apex angle of the prism as a parameter. 

As is obvious from Fig. 22, the refracting power of the prism 

having a small apex angle, for example, of l~ decreases to about 

lT 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 

f~om a wide height range of the sun of about 13~ . 

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 small as possible and to make the refracting 

power <deflection angle) as large as possible. 

Next, ·Embodiment 4 using the aforeme·ntioned 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 lo~er 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 aB of 

the second lighting prism plate 52, as shown in Figs. 16 and 17, on 

the basis of the result of the aforementioned consideration using 

Figs. 19 to 22. 

For example, a combination of aA of 4T and aB of 51.4~ 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, respectively, 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 the 

present 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 correspondingly 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 

present 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 as described above, the blocking of 

the light rays' way by the inoperative faces of 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 aA of the first lig_hting prism plate is therefor 

selected to be in a relatively small value from the point o_f 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 angles of the respective lighting prism plates between the 

case of conventional prisms of acrylic material CPMMA> having a 

relatively 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 C PMMA>. 

The configuration using a high refractive material in the 

lighting portion as in Embodiment 4 has excellent effects as 

follows. 

Cl> 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 eff ici·ent lighting can be made 
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throughout the year. 

<2> Because two. or more lighting prism plates of high refractive 

material are arranged in the lighting portion to thereby pursue the 

solar light, both 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 be made smaller 

when a high refractive material excellent in machining property and 

weather-proofness, such as polycarbonate, or the like, is used as 

the material for the lighting prism plates, the size and weight of 

the lighting portion can be reduced and the life of the lighting 

portion in outdoor use can be increased. 

<4> Because polycarbonate is resistant against impact, the 

strength of the lighting portion can be increased when 

polycarbonate is used. 

Embodiment 5 

Embodiment 5 of the present invention which concerns 

prevention of reflection on surfaces of lighting prism plates used 

in a solar lighting apparatus will be described with reference to 

Figs. 23 through 26. 

Fig. 23 is a schematic .explanatory view of the lighting 

apparatus. Fig. 24 is an explanatory view which concerns 

reflection of light. 

56 



Fig. 25 is a graph of surface reflectances calculated by 
. 

surface reflection simulation. 

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

prism plates. 

In Fig. 23, 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 light 65 from 

the sun is turned downward in the direction of the arrow 66 by the 

respective rotations of th~ 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 collecting light rays from 

the sun to use the light rays for lighting, heating, etc. The 

lighting apparatus has, in the 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 thickness. 

Here, light reflection which forms the foundation of the 

present invention will be described. In Fig. 24, when generally 

light of wavelength l advances in air A (refracting index no = l> 

in the direction of the arrow and strikes on a substrate C 

<refracting index n2·> coated with thin film B <refracting index 

nil, the thickness! of th~ thin film B to make the reflection 

preventing effect largest is given by the expression 

t = l/4ni •••••• (7) 

and it is known that reflection is made smallest as the following 

expression <8> is satisfied more perfectly. 

• • • • • • ( 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 o· /42° I that is, the 

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

pr ism angle of the lower face thereof is 42° <see Fig. 23). The 
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second lighting prism plate has angles ~ /51.4~ . The reflection 

preventing film <see Fig. 24> B is fluorine-contained reflection 

preventing film "CYTOP" <made by Asahi Glass Co., Ltd.> and has a 

refracting index of 1.34. Because d rays Cl = 588 nm> are used 

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

= l/4ni = 588/4Xl.34 ~ 110 nm in accordance with the expression 

(7). The reason why drays of l = 588 nm are used in the 

calculation of the film thickness t = l/4ni is in that light 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. 

Cb)· Simulation of Surface Reflection 

Fig. 25 shows calculated reflectances of PC surfaces. Fig. 25 

shows a condition in which the reflectance of the surface coated 

with the reflection preventing film B as shown in the graph Ca> of 

Fig. 25 is decreased by about 5% per one interface regardless of 

the incident angle compared with the reflectance of the surface 

having ·no reflection preventing film B as shown in the graph <b> of 

Fig. 25. 

Cc> Measured Transmittances of Lighting Prism Plates 

59 



Fig. 26 shows measured results of output energy relative to 

. 
incident energy in the lighting apparatus of Fig. 23 in the case 

where the first or second lighting prism plate or both the first 

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 downward in the direction of 

the arrow 66. 

The transmittance of the plate coated with the reflection 

preventing film as shown in the graph Ca> of Fig. 25 is improved by 

about 6% compared with the transmittance of the plate coated with 

no reflect1on preventing film as shown in the graph Cb> of Fig. 25. 

Light rays used in this occasion are He-Ne laser light C633 

nm). 

<d> In comparison between the case where PC <n2 = 1.583> is used 

as the lighting prism plate and the case where polymethyl 

methacrylate <abbreviated to PMMA, n2 = 1.492> is used as the 

lighting prism plate, the following results are given by the 

expression (8). 

Case of PC n2 - ni = 1.583 - 1.34 = 0.243 

Case of PMMA n2 - ni = 1.492 - 1.34 = 0.152 

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 

Cb> is decreased only by 3.5%. 
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Because the fluorine-contained reflection preventing film 
. 

<amorphous polymer> can be applied easily in a short time by means 

of spin coating or dip coating different from the conventional 

vapor deposition method, 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/holding 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 lighting 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 

prism 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, directly or indirectly through a worm 

gear Cnot shown) so as to be driven. Though not shown, gears are 

formed on the outer circumference portion of the lighting prism 

61 



plate 70 and on the outer circumference portion of the driving 

roller 71, respectively. The lighting prism 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 sensor or/and light quantity sensor, etc. 

for detecting the conditions such as height, azimuth, etc. of the 

sun. The solar position detector 75 is designed so that the 

detection output thereof is given 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 roller 77 

is arranged in a position opposite to the 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 impeller 

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 being opposite to the 

pressure roller 77 so as 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 being driven \dragged> by the rotation of the lighting 

prism i;>late 70. 

Incidentally, there is no gear formed also on the outer 

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

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

are made to have sufficient room to spare so as to cope with the 

distortion of the lighting prism plate 70 in the production th~reof 

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 applies 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 partial forces Fia or Fib of the driven rollers 78a 

and 78b and the other-side partial forces Faa and F2b of the driven 

rollers 78a and 78b are canceled by each other to thereby 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 that torque 

can be transmitted to the lightirig 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. In this embodiment, 
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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 

direction of force applied to the center of the lighting prism 

plate, when 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 a lighting prism plate driver/holder 

showing Embodiment 6~2 of the present invention. In 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, means 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 of 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 Cnot 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 latter are canceled by each other as 

represented by the arrows. 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 more 

optimum compared 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 plate 

driver/holder showing Embodiment 6-3 of the present invention. In 

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 

auxiliary 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 arranged 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 

Cnot shown>. 

Although Fig. 29 shows the case 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 of 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, 81 and 82 bear the 

share of the pressing forces given by the main and auxiliary 

pressure rollers 77B, 81 .and 82 as represented 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 82 and the driven rollers 78a ~nd 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 

lighting 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 plate driver/holder 

showing Embodiment 6-4 of the present invention. In 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 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. 

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 the 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 pressure rollers 83 and 

84 may be preferably arranged in positions equivalent to the 
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positions of the first and second auxiliary pressure rollers 81 and 

82 in Embodiment 6-3. 

In Fig. 30, the reference numerals 83a and 84a designate 

springs, 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 the alignment of the lighting 

prism plate 70 and the driving roller 71 is kept better by the 

increase of the number of the pressure rollers even in the case 

where backlash occurs in the lighting prism plate 70, the lighting 

prism plate 70 can be held and driven more stably. 

The present invention is not limited to the aforementioned 

configurations of Embodiments 6-1 through 6-4, and various 

deformation. thereof may be made as follows. 

Although the respective embodiments have been described, for 

example, upon the case where the driven rollers are constituted by 

a pair of driven rollers 78a and 78b, the_ present invention can be 

applied to the case where two pairs_ driven rollers are provided by 

adding a new pair of driven rollers to the pair of driven rollers 

78a and 78b. 

Although Embodiments 6-2 and 6-4 have been described upon the 

case where the pressure rollers of the same structure are provided, 

the present invention can be also applied to the case where in 
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order to apply pressing force the pressure rollers are classified 
. 

into main pressure rollers and auxiliary pressure rollers as 

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 to the pressure roller 77 against the lighting prism plate 

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 pressure 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 symmetric with respect to the 

driving roller 71. 

Although each of Embodiments 6-1 to 6-4 has shown the 

configuration that a gear 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 p~a~e 

<not shown) so as to be unitedly connected to the lighting prism 

plate. The rotary ring 90 is provided with a 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 roller 71~ and a motor 

93 forgiving rotational force to the worm 92 <which corresponds to 

the motor 72 of Fig. 27). Further, driven rollers 78a and 78b are 

arranged in opposite 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 

supported through 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 torque 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 circumfe·rence 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 transmit the driving force of the one device. 

The aforementioned embodiment has shown the case where the 

lighting prism plate is arranged 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 lighting prism plate 320B arranged 

vertically on the portion of a wall 302a as represented by the two­

dot-and-dash line of Fig. 78. In 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. 

Although 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 plates· are used, the configuration 
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shown in each of the aforementioned embodiments is prepared for 
. 

each of the lighting prism plates. 

The solar lighting apparatus having the lighting prism plate 

driver/holder as described above in Embodiment 6 has excellent 

effects as follows. 

<l> 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 re~eive the pressing force so that 

the lighting prism plate is rotated by a driving roller ~hile held 

in good balance, the predetermined rotation of the lighting prism 

plate can be made while the lighting prism plate is held smoothly 

correspondingly to the distortion of the lighting prism plate 

caused by the production thereof, the deformation of the lighting 

prism plate caused by the expansion or contraction 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 of the lighting 

prism plate corresponding to 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 held/driven by a rotary shaft can be 

generated so that there is no influence on the lighting prism p~ate 

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 apparatus will be described below 

specifically with reference 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 plateR 104a to io4d which have end portions 

inserted into the.inner circumference portion of the metal rotary 

ring 103 and which are arranged so as to intersect 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 104d and the outer edge portion 

of the lighting prism plate 101 and having hood portions 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 104d into the metal rotary ring 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. In Fig. 35, the reference numeral 116 designates a transparent 

cover; 117, a light distribution plate; and 118, a draining frame. 

Incidentally, the reference numerals lOla and lOlb 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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<l> Apparatus of Embodiment 7-1 Csee Figs. 32 and 33) 

Cl> Because the plurality of ho~ding plates 104a to 104d are 

connected so as to intersect each other in order to hold the 

lighting prlsm plate 101 with respect to the rotary ring 103, the 

connection of the holding plates 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 group of acryl and 

polycarbonate. 

C3) The reason why the holding plates of resin are used is 

that the lighting prism plate is made of re~in and, therefor, the 

coefficient of thermal expansion of the holding plates can be made 

equal to the coefficient of thermal expansion of the light~ng 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 in 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 104d are 

idly inserted into th.e metal rotary ring 103 through the insertion 

fittings 105 so that the difference 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. 

C3> Apparatus of Embodiment 7-3 Csee Fig. 34B> 
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The lighting prism plate 101 is held by the holding plates 

104a to 104d and inserted into gaps of the stoppage fittings 102a 

to 102d so ·that appropriate gaps are 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 104d 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 pursue the sun by using a total 

of four times of refraction so 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 correspondingly 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 on the lower face portion of each of the 

lighting prism plates Pl and P2 so that the plurality of triangular 
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micro prism portions have 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 

p6rtions thereof are arranged in the same direction. In this 

occasion, the path of light rays transmitted through the two 

lighting prism plates Pl and P2 can be changed greatly because 

refracting power is added up by the respective lighting prism 

plates Pl and P2. 

It has been confirmed in the following experimental equipment 

that the direction of direct rays of the sun can be controlled in a 

solar height range of from l~ to 8~ by rotating the thus 

configured two lighting prism plates Pl and P2 correspondingly to 

the height and azimuth of the sun. 

Fig. 38A shows an experimental equipment for confirming the 

theory of Figs. 36 and 37. ·In Fig. 38A, the reference symbols Pl 

and P2 designate first and second lighting prism plates, 

respectively; K, a dispersion plate arranged on the outgoing side; 

and T, a transparent cover. 

As for the lighting prism plates Pl and P2, data of optimum 

prism angles at which prism pits 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 driven 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 dispersing 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 spotlight lighting, 

a matted dispersion plate or 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 Cl) 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 Kare 

as shown in a table of Fig. 38B. 

<l> Weather: fine 

<2> Time: about noon 

<3> Measurement of Illumination: 
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(4) Direct Sunlight: about 90,000 [lx] <normal line face> 

Accordingly, the following analysis is made from the table of 

Fig. 38B. 

It is· apparent from comparison between the measurement 

conditions <l> and C2> in the table that higher intensity of 

illumination than ten times as much as that in the case of a 

conventional skylight having no lighting 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 skylight having no lighting prism plate 

and the case of a skylight tno direct sunlight) according to the 

present invention, in the table that the skylight type solar 

lighting apparatus according to the present invention can secure 

intensity of illumination as high as that of the conventional 

skylight even in the case of no direct sunlight caused by cloudy 

weather. 

Because each of 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 resin transmits near infrared rays but cuts 

off infrared rays larger than about 2 [µm]. 
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Next, a theory and an example of configuration in the case 

' where a special material is used 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 

distribution characteristic, there is shown an example in which 

instantaneous lighting glass Ctradename: 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 transmission characteristic of glass by using the 

property in which liquid crystal molecules are oriented in a 

predetermined direction by application of AC voltage. In this 

occasion, it has been confirmed experimentally that the first light 

distribution plate 120 becomes opaque at voltage 0 [V] and becomes 

transparent 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 sou~ce 

ClOO [WJ halogen pin spotlight: Uchida SR-Jl> 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 corresponding 

to the voltage 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 expresses a value <relative 

illumination ratio> obtained by dividing intensity of illumination 

at each measurement point by intensity of illumination just under 

the light source in the case where the first light distribution 

plate 120 is supplied with a voltage of 100 [VJ 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 Ca> expresses the change of light 

distribution characteristic in the case where the first light 

distribution plate 120 is Dupplied with an applied voltage of 100 

[V]. 

Similarly, the curves Cb>, Cc> and Cd> express the change of 

light distribution characteristic in the case where the voltage 

applied to the first light distribution plate 120 is changed to 30 

[VJ, 20 [VJ and 0 [VJ, respectively. It is apparent from Fig. 40 
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that the quantity 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 gl~ss. 

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 light distribution plate 123 is provided 

with a patterned plastic plate formed thereon. 

Fig. 42 shows experimental results in the second experimental 

equipment. In Fig. 42, the curve Ce> 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 second light 

distribution plate 123 is supplied with a voltage of 100 [VJ and is 

made transparent. In this case, intensity of illumination is 

lowered almost parallelly compared with the case of provision of 

83 



only the second light distribution 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 portion just under the light source becomes 

dark is shown directly. 

Next, when the voltage applied to the first light distribution 

plate 120 is changed to 0 [VJ, the light distribution 

characteristic is changed as shown in the curve <g>. In this case, 

the light distribution characteristic of the second light 

distribution plate 123 disappears, 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 therefrom 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 present invention. In 

Fig. 43, the reference 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 plates 

133a and 133b a~e arranged within the transparent cover 132. 

Incidentally, though not shown, assume that a plurality of 

triangular micro prism portions as shown in Figs. 36 and 37 are 

formed in the lower face portion of each of the lighting prism 

plates 133a and 133b. 

The reference numerals 134a, 134b, 134c an·d 134d designate 

shaft bearings for slidably supporting the lighting prism plates 

133a and 133b. 

The reference numerals 135al and 135bl designate motors for 

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 supply; 137a to 

137c, 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, azimuth, 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 configuration, 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 present 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 

distribtition 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 142a and 142b, 

conductive wire.for connecting the first light distribution plate 

140 and the voltage regulator 141 to the power supply 136, 

respectively. Here, the voltage app~ied 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 135bl through the driving circuit 138 by 

the CPU 139 in the same manner as in Embodiment 8-1, so that the 

prism angles 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 

arranged in the outgoing side of the lighting apparatus. Because 

the first light distribu~ion plate 140 is designed so that light 

distribution chara~teristic can be changed as shown in Fig. 40 when 

the voltage applied to the first distribution plate 140 is 

regulated by the voltage regulator 141, this·embodiment is 

characterized in that expression of room lighting can be changed. 

<Embodiment 8-3> 

Fig. 45 shows Embodiment 8-3 of the present invention. In 

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 light 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 the 

position of the sun in the same manner as in Embodiment 8-2 but 

also room light distribution characteristic is controlled so that 

expression.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 transmission 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. 

<l> 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, because the method is a simple method in 

which each lighting prism plate is rotated on 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. 

C2> 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 according 

to the present invention is used can be widened greatly. 

If a first light distribution plate such as instantaneous 

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 new one in order to change the light 

distribution characteristic is not required, that is, the 

preparation of light distribution plates different in light 

distribution 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 light distribution plates are multiplied 

by each other so that expression of lighting can be made richer. 

Further, if several kinds of light distribution plates having 

specific light distribution characteristics are used in 

combination, a larger number of lighting patterns can be generated. 

Embodiment 9 

Embodiment 9 of the present invention which concerns an 

optical axis sensor used in a solar lighting controller <which will 

be described later in and after Embodiment 10) will be described 

below with reference 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. 

90 



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 import~nt 

part of Embodiment 9-3 of the optical axis sensor. 

Fig. 49 is a vertical sectional front 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 optical axis 

sensor in which a· cylinder 151 of a metal such as aluminum used as 

a light shielder is provided with a hole 152 formed in the blocked 

top face of the cylinder 151 as shown in Figs. 46A and ·46B so that 

light is led from the hole 152 into the cylinder 151 and radiated 

to the bottom region 153 of the cylinder 151 to thereby determine 

the optical axis. 

<Embodiment 9-1> 

Embodiment 9-1 shown in Figs. 46A to 46C is configured so that 

the region 153 is partitioned into a plurality of regions and 

enclosed with ligbt-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 surrounded by the resin 155 

and that light is transmitted to the re~pective regions of the 

optical sensor 154 through the light-conductive resin 155 so that 

the optica~ axis is determined on the basis of output values of the 
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respective regions of the optical sensor 154. 

The light-conductive resin 155 serves to conduct light with 

little reflection <with small reflectance). The respective regions 

of the light-conductive resin 155 serve to conduct incident light 

splits downward respectively 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 litjht 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 the 

four split regions 153a to 153d. If the output values obtained 

from the four split regions 153a to 153d in this occasion are all 

equal, it is found that the direction of incident light is the 

perpendicular direction. If the output values from the optical 

sensor 154 are different in this occasion, 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 quantities of light 

radiated to the regions 153a to 153d. 

(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 the 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 171 and that light is led into the 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 moving 

the outer cylinder 171 of Fig. 48 up and down. The angle allowing 

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 optical 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 provided therein is inserted into the 

cylinder 181 so as to be able to be adjusted vertically. 

That is, the portion onto which light is radiated in Fig. 49 

is 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 optical axis sensor of Embodiment 9 configured as 

described above has effects as follows. 

<l> 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. 

C3> Accordingly, the optical axis sensor is greatly useful as an 

optical axis sensor adaptea to a solar lighting controller. 

Embodiment 10 

Embodiment 10 of th~ present invention which concerns a solar 

lighting controller for improving the 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. SO to SS. 
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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 micro prism portions 19la are formed in the lower face 

portion of the lighting prism plate 191. Though not shown, teeth 

which engage with a gear 193 <which will be described later> are 

formed on the outer circumference portion of the lighting prism 

plate 191. The reference numeral 192 designates a motor; and 193, 

a gear using the driving force of the motor to rotate the lighting 

prism plate 191. The reference numeral 194 designates a CPU; 196, 

a connection shaft for connecting the gear 193 and the motor 192; 

and 197 and 200, conductive wires, respectively. The 

aforementioned parts 191 to 200 are of the same structure as in the 

conventional apparatus of Fig. 82. 

The reference numeral 199 designates a solar position detector 

which is set for detecting the position of the sun at each point of 

time in the position where the solar lighting apparatus 199 is set. 

For example, in the solar position detector 199, one lighting prism 

plate 199P or a plurality of lighting prism plates 199P which can 
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rotate horizontally and independently are arranged in the lighting 
. 

portion a·s shown in Fig. 51, and the solar position detector 199 

has a lighting condition detector 199K such as an optical axis 
. 

sensor, a light quantity sensor, or the like, arranged to face 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 controlled 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. Incidentally, the reference numeral 199N designates an input 

device for the CPU 199C. 

Returning to Fig. SO, the reference numeral 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 

detecting 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 gives a rotating instruction to 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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thereof 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 almost same structure as 

Embodiment 10-1 of Fig. 50, so that the description of parts of the 

same structure will be omitted because corresponding parts are 

referenced correspondingly. 

The config~ration 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 conductive 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 STl to STlO of 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 with Embodiment 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 configuration characteristic of the present invention is 

in that a light quantity sensor 203 instead of the optical axis 

sensor 201 in Embodiment 10-2 is arranged to face the iighting 

prism plate 191 and that conductive wire 204 is provided 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 intended to be corrected through the CPU 194 on the 

basis of the light quantity signal given to the CPU 194 from the 

light quantity sensor 203 at each point of time. That is, the 

operation of this embodiment is carried out as shown in steps STl 

to STlO in the flow chart of Fig. ·ss. 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 STS as to whether t.he 

quantity 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 STlO>. 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 detection 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 lighting portion for the sake of simplification, it is to be 

understood 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 plurality of.lighting prism plates. 

Although the configuration 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 199C 

and the lighting 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. 

<l> Because the solar position 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 indoor in pursuit of the sun can be made 

optimum continuously because the solar position detector gives the 

central processing unit the 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 rotating 

control for the lighting prism plate is corrected correspondingly 
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to the optical axis or the quantity of light at each point of time, 

the indoor lighting condition is improved more greatly. 

<4> Further, in the configuration in which the lighting condition 

detector is provided·as shown in the paragraph <3>, the correction 

of the rotating control is 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 which concerns means 

for detectintj 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 detecting 

method of the present invention. In Fig. 56, the reference numeral 

211 designates 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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ref ere~ce 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 to a 

shape which is such that the height changes continuously in the 

direction of the rotation of the rotor 213 as shown in Fig. 56. 

For example, the screen 214 is shaped like a triangle. 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 s.hown in Fig. 56. 

Further, as the material for the screen 214, an opaque 

material is preferably used, if possible,· to form the wall surface 

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 numeral 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 the support 216 and arranged so as to be 

opposite to the outer circumferential face of the rotor 213 at a 

predetermined distance therefrom. Incidentally, the lower end 

portion of the support 216 is fixed onto the base 211. 

The reference numeral 217 designates a light sensor supported 

by a 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 like. 

The outpµt signal of the light sensor 217 is supplied to the 

CPU Cnot shown> through a substrate Cnot 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 the rotor 213 by the support arm 218. In the 

case of such configuration, the accurate alignment of the light 

sensor 217 and the screen 214 is made difficult. Accordingly, it 
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is substantially necessary that the center of the light sensor and 
. 

the center of the screen are aligned by circuit adjustment in the 

light sensor substrat~. 

Therefor, as shown in Fig. 57, the light sensor 217A is 

preferably provided on the substrate 219 fixed onto the upper face 

of the rotor 213 by means of screws 220a and 220b, or the like, so 

that the light sensor 217A is integrally rotated with the rotor 

213. In this case, the light sensor 217A is arranged and mounted 

onto the substrate 219 so that the center of the light sensor 217A 

is located in a position of the rotation center of the rotor 213 in 

advance. Though not shown, electronic elements belonging to the 

light sensor 217A and lead wire connected to the CPU via the 

electronic elements are included in the substrate 219. 

Next, the method will be described below with reference to the 

flow chart of Fig. 61 other than Figs. SSA to 60. 

In the following description, the operation of the detecting 

method will be described by using step symbols ST! to ST12 

described in the flow chart shown in Fig. 61. 

When the detector of Fig. 56 or 57 is set in 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 <STl> by the origin 

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>. In this occasion, for example, the front end 214a of 

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 CST2> to start detection 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 

shown in Fig. SBA CST3>. As a result, if the output of the light 

sensor 217 or 217A begins 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 CST4), 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 and the reduced output signal 

from the light sensor 217 or 217A to thereby detect the direction 

<azimuth> of the optical axis as 61 CSTS>. 

Then, if the output of the light sensor 217 or 217A increases 

again to return to a high output CST7> when the rotation of the 

rotor 213 is continued, that is, when the rotation of the screen 

214 is continued, that is, when the scree·n 214 is rotated further 

by angle A61 from STS CST6), that is,· when the screen 214 is 

rotated by 61 + ~61 in total as shown in Fig. sac, the control 
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circuit calculates in ST8 the angle <elevation angle> al of the 

optical axis on the basis of A61 as follows. 

That is, when heights at the front end 214a and intermediate 

position P·of the screen 214 are represented by~ and!!£_, 

respectively, as shown in Fig. 59, the height fil2 is calculated by 

the CPU on the basis of the following expression <9>: 

hp= h<6 - A61)/6 ••••• ( 9) 

in which a represents an angle <Fig. 58C> between opposite ends 

214a and 214b of the triangular screen 214. From the point 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 A01 is converted into the length between 214a and P in the 

bottom side of the screen 214 <Figs. sac and 59>. 

Next, the angle (elevation angle) ~i of the optical axis is 

given by the expression ClO> from Fig. 60. 

• •••• ( 10) 

Accordingly, the angle <elevation angle> roi of the optical 

axis is obtained as shown in the expression <11> by substituting 

the expression (9) into the expression -<10). 

roi = tan- 1 {Ch/r>·<O - AOl>/9} •• ,; •• ( 11) 

Accordingly, the angle roi of the optical axis is calculated on 

the basis of the expression Cll> when signals corresponding to ~, 

~, 6 and AOl are supplied to the CPU CST8). 

As long as the angle roi of the optical axis is obtained, the 

106 



height 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 217 or 217A contrariwise 

does not begin to be reduced, the rotor 213 is controlled so as to 

rotate in the whole range CST9) and then cloudy weather is decided 

in STlO, so that a detection output "cloudy" is sent out. 

When the rotor 213 rotates in the whole range CSTll> without 

increase of the output of the light sensor 217 or 217A (ST7) though 

the rotation of the screen 214 is continued CST6) after the output 

of the light sensor 217 or 217A is reduced CST4>, 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 9~ 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 disadvantage in that the judgment becomes 

difficult about at noon at which 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 showlng 

the overall 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 which 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 case, 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 Bi whereas the member 

224L and the rotor 223 are connected to each other by means of a 

screw B2. 

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

screen 224 to obtain sharp shadows. 

For example, the stepping motor 222 is made to be supporte~ by 

a second.support 225. 

The reference numeral 226 designates a limit switch for 

detecting the origin; and 227, a stopper for stopping the rotation 

of the screen 224. 

The reference numeral 228 designates a light sensor which is 

supported by a first support 221 through a substrate 221a 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 from 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 11-1, the output of the 

light sensor 228 is supplied to the not-shown CPU through 

electronic elements <not shown> arranged on the substrate 22ld of 

the light sensor 228 and lead wires <not shown> of the electronic 

elements so that necessary calculation, detection, etc. which will 
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be described later is carried out • 
. 

Assume that the rotating 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 will be described 

below with reference to not only Fig. 64 but also the flow chart of 

Fig. 6S and furthermore Figs. SBA to sac. The reason why Figs. saA 

to sac are referred to is in that Embodiments 11-2 and 11-1 are 

different in the shape of the screen but quite equal in the 

operation of the screen so that the description of parts equivalent 

to those in Figs. sas and sac can be omitted. 

In the following description, the operation of the detecting 

method of the present invention will be described by using step 

symbols STl 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 example, clockwise on the basis of a 

driving instruction from the CPU Cnot 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 CST!) 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 direction>. 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 

instruction given from the CPU on the basis of an instruction <ST2) 

to start detection of the direction and angle <elevation angle) of 

the opticai axis, so that the rotor 223 begins to be rotated in the 

direction of the arrow <counterclockwise> as shown in Fig. 64 

<ST3). As a result, 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 01 from the direction N of the origin as shown 

in ST4 <equivalent to Fig. 58B>, a signal corresponding to the 

angle 01 is supplied into the CPU so that the CPU calculates the 

angle 01 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> of the optical 

axis as 01 <STS>. 

Then, if the output of the light sensor 228 increases again to 

return to a high output CST7> when the rotation of the rotor 223 is 

continued, that is, when the rotation of the screen 224 is 

continued, that is, when the screen 224 is rotated further by angle 

AOl from STS <ST6), that is,· when the screen 214 is rotated by 82 = 

81 + ~81 in total from the origin as shown in Fig. sac, the control 

circuit calculates in ST8 the angle <elevation angle> ru2 of the 

optical axis on the basis of the following theory taking into 

account 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>, Rand a=tan<9~ - ABl>, 

respectively, as shown in Fig. 64, the following expressions Cl2> 

and <13) hold. 

{x - <R/2)} 2 + y 2 = <R/2) 2 

y = ax = { tan C 9 0° - A e 1 > } x 

•••••• ( 12) 

•••.•• ( 13) 

The coordinates <x, y> of the point of intersection are given 

from the expressions <12> and Cl3>. 

x = R/Cl + a 2
) .••••• ( 14) 

y = Ra/Cl + a 2 ) ••.•.. ( 15) 

On the other hand, ~ at the point <x, y> of intersection on 

the surface of the sphere satisfies the following expression <16>. 

x2 + y2 + z2 = R2 •••••• ( 16) 

From the expressions <14> to (16>, z is given as follows • 

• • • • • • ( 1 7) 

Accordingly, from the expressions <14>, ClS> and <17), the 

angle (elevation angle> co2 of the optical axis is given as follows. 

tanco2 = z/<x2 + y 2 >i/a 

= a •.•••• ( 18) 

Accordingly, when the relation of the expression Cl3> is 

substituted into the expression Cl8), the angle co2 of the optical 

axis is obtained in the same manner as the expression Cll>. 

co2 = < 90° - A61 > .••••.• ( 19 ) 
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Accordingly, the angle ~2 of the optical axis is calculated on 

the basis of the expression <19> as long as signals corresponding 

to 81 and ABl are given to the CPU CST8>. 

As long as the angle ~2 of the optical axis is obtained, the 

height 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 reduced CST4>, the rotor 223 is controlled so as to 

rotate over the whole range unless the rotor 223 is stopped by the 

stopper 227 CST9> and then cloudy weather is decided in STlO in the 

case where the rotor rotates over the whole range, so that a 

detection output "cloudt" is sent out. 

When the rotor 223 rotates over the whole range CSTll> without 

increase of the output of the light sensor 228 (ST7> though the 

rotation of the screen 224 is continued <ST6> after the output of 

the light sensor 228 is reduced CST4>, the CPU makes a decision in 

ST12 that the angle of the optical axis is out of detection range. 

In the case of this embodiment, the range not allowing the angle of 

the optical axis to be detected is very small, so that the 

unallowable range is excluded as a range which is not used 

practically. Thereafter,. the aforementioned detecting operation 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 

respectiveiy. 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 solar lighting apparatus for 

taking the sunlight in while pursuing the sunlight every moment and 

in which both the rotor and the light sensor 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 excellent effects as follows. 

(1) Because the direction and angle of the optical axis are 

detected by a~ arithmetic operation on the basis of the detection 

output of the light sensor arranged in a predetermined position on 

the rotation center axis of the rotor and on the basis of the prism 

angle of the rotor, the.number of light sensors required to be set 

is one. 

C2> 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 performed speedily and accurately. In 

the solar lighting apparatus, when the angle of the optical axis is 

found, 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 CFig. 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 

9U 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 9U -can 

be reduced greatly compared with Embodiment 11-1 even in the case 

where 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 Embodiments 11-1 and 11-2 the light sensor is mounted 

through a substrate so that the center of the light sensor is 

arranged in the rotation 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 

light sensor and the center of the screen can be aligned 

accurately. 
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CS> If the rotor and the screen are driven by the stepping motor 

so that the required prism angle of 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 not, 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 

lighting 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 1-ighting 

apparatus. In Fig. 66A, the reference numerals 231 and 232 

designate first and second flat lighting prism plates, 

respectively, which are held so as to be rotatable, for example, 

horizontally. 
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These lighting prism plates <which may be hereinafter often 

simply referred to as "prisms" in the description of Embodiment 12> 

231 and 232 ar~ provided with triangular micro prism portions 23la 

and 232a formed 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 reference 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 controllers, 

respectively. In the case where the motors included in the drivers 

233 and 234 are .. , for example, stepping motors, the controllers 235 

and 236 generate in-phase control pulse signals to thereby perform 

control the rotation of the stepping motors. 

The reference 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 setter 237 is constituted by a CPU, or the like. 

A program for calcula~ing 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 calculating the optimum prism angles of the 

prisms 231 and 232 correspondingly to the current position of the 

sun and a program of instructions for driving the prisms 2~1 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. 

Also 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 lig.hting apparatus 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 reference 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 correspondingly to the current position of the 

sun, a program <including a program for issuing an instruction to 

turn over a changeover swltch 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 stored in the setter 237A in 

advance. 

The reference numeral 238 designates a changeover switch 

including a switch termina~ 238a, and changeover terminals 238b and 

238c. When the setter 237A issues an instruction to drive the 

first or second prism 231 or 232, an instruction to turn the switch 

terminal 238a 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 designates 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 plates 231 and 232 are 

provided in the drivers 233 and 234 and that a common driving 

element subh 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 239 and the changeover 

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 first, second, third and fourth 

driving methods for a solar lighting apparatus which is a solar 

lighting controller of the present 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 on so that the operation 

thereof starts (STll>, 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 setter 237 or 237A <ST12>. 

Accordingly, the setter 237 or 237A first calculates a driving 

instruction for determining the prism 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. In the 

case of the apparatus shown in Figs. 66A and 66B, the signal of the 

driving instruction is directly transmitted to the driver 233. In 

the case of the apparatus 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 

CST13). 

After the setter 237 or 237A then confirms that the first 

prism 231 driving instruction is canceled, that is, the first prism 

231 stops <ST14>, 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. In the apparatus shown in Fig. 67, 
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the instruction is transmitted to the driver 234 through the 

changeover switch 238. As a res~lt, the second prism 232 is driven 

by the driver 234 CST15>. 

After.the setter 237 or 237A then confirms that the second 

prism 232 driving instruction is canceled, that is, the second 

prism 232 stops <ST16), the driving operation of steps ST12 to ST16 

is repeated 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 optimized on the basis of the solar 

position data at each point of time. 

<Embodiment 12-2> 

A second driving 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 

thereof starts CST21>, 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 setter 237 or 237A CST22>. 

Here, in this driving method, in the setter 237 or 237A, the 

displacement A of the optical axis 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 CST23>, 
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and then the displacement B of the optical axis center from 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 Bare compared with each other CST25>. 

In the case of ~B 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 Cin this case, the lighting prism 

plates 231 and 232 are driven alternately in the same manner as in 

Embodiment 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 dr i vin·g instruction in ST27 is executed in a 

reverse sequence of steps STlS, 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 th~ prism 

~ngles 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 comparison 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 as a 

result of the alternate driving. 

<Embodiment 12-3> 

A third driving method for a solar lighting apparatus as 

Embodiment 12-3 will be described below with reference to Figs. 66A 

and 66B or Fig. 67 and the flow charts of Figs •. 70 and 68. 

First, when the apparatus is powered on so that the operation 

thereof starts (ST31), data of the current position of the sun 

every hour on the date are read in synchronism with·a clock 

included in the setter 237 or 237A so as to be selected from all 

data which have been stored in the setter 237 or 237A <ST32>. 

In this driving method, in the setter 237 or 237A, the moved 

distance C of the optical axis when the first prism 231 is driven 

first and then the second prism 232 is driven is calculated on the 

basis of the current solar position data stored as described above 

(ST33>, and, subsequently, the moved distance D of the optical axis 

when the second prism 232 is driven first and then th~ 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 CST35). 

In the case of C~D as a result, a driving instruction is 

issued to drive the first prism 231 and then drive the second prism 

232 CST36>~ 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 CST37>. The driving instruction in ST37 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 CST38>, the previous operation is repeated in a normal 

sequence of steps ST32 to ST38 again CST38>. 

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. 

In addition, the driving method of Embodiment 12-3 has an 

advantage in that the driving sequence of the first and second 

prisms 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 CST41), 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 setter 237 or 237A CST42>. 

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 CST43>. 

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 the first prism 231 is· driven is qalculated CST44>. 

The values of the areas E and F thus calculated are compared 

with each other CST45>. 

In the case of E~F 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 -th~ contrary, in the case of E>F, a driving instruction is 

issued to drive the second prism 2j2 and then drive the first prism 

231 CST47>. 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 CST48), the previous operation is repeated in a normal 

sequence of steps ST42 to ST48 again CST48>. 

Accordingly, also in the case of the driving method of 

Embodiment 12-4~ 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. 

In addition, the driving method of Embodiment 12-4 has an 

advantage in that the driving sequence of the first and second 

prisms is controlled to be decided by comparison of respective 

driving sequences from the point of view of the area defined by 

loci caused as a result of movement of the center of the optical 

axis ~t each point of time in order 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 aforementioned 

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 

237A, 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 ~ike, 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· arrangement of the 

lighting prism plates constituting the solar lighting apparatus may 

be changed correspondingly to the setting 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, obliquely with 
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respect to the ioof of the building instead of the aforementioned 

lighting prism plates arranged horizontally or a solar lighting 

apparatus having lighting prism plates arranged vertically on the 

wall portion of the building 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 fiist 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-ST23 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 time 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 described upon the case 

where two lighting prism 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 prism 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 lighting prism plates in the aforementioned 

embodiments are simply replaced by the first, second and third 

lighting prism plates or 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 will be described upon Embodiment 12-1. That is, it 

is possible to use a driving method which is applied to a 

combination of a plurality of lighting prism plates such that the 

first and second prisms 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. 

Cl> Even in the case where exclusive-use drivers and controllers 

thereof are provided for a plurality of lighting prism plates as 

shown in Fig. 66A, the lighting 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 can 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 l> than 

the number of the lighting prism plates and the provision of 

changeover means of a smaller number <inclusive of l> than the 

number of the lighting prism plates as shown in Fig. 67, there 

arises, in addition to the effect of reduction in the capacity of 

the power supply and pqwer 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 

driver 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 the aforementioned driving methods Cl> and C2> are 

carried out after the driving sequ~nce of the lightin~ prism plates 

to be driven intermittently as shown in Embodiments 12-2 to 12-4 is 

discussed 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) If a wait time is provided in a practically reasonable time 

range as shown in 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 consumed 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 of Embodiments 13-1 to 13-4 shown in Figs. 72 through 77C. 

<Embodiment 13-1> 

Embodiment 13-1 of the present invention will be described 

with reference t-0 Figs. 72 through 75. Fig. 72 is a perspective 

view showing the mount condition of a micro switch. In 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 a 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 micro switch 244; and 244a and 244b, 

guide plates arranged on both sides of the contact 244s, 

respectively. In order to guide the operation of the contact 244s 

by an origin roller 245 which will be described later, for example, 

the guide plates 244a and 244b have curved surfaces. Th~ reference 

numeral 244c designates an output terminal of the micro switch 244. 

As shown in Fig. 75, a lighting prism plate 251 in this 

embodiment is configured so that, for example, four holding plates 

258a to 258d formed of the same material <polycarbonate, or the 

like> as the lighting prism plate 251 are arranged so as to cross 
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each other as shown in Fig. 75 to thereby integrally rotate the 

lighting prism plate 251 and a rotary ring 257 arranged outside the 

lighting 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 in Figs. 73A and 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 rotation driver 

259 rotates. In 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 plate 246a of a mount fitting 246 which is described 

as follows. 

The mount fitting 246 is composed of a legless chair-shaped 

pressure plate 246a, and a sectionally C-shaped support plate 246b. 

A vertical portion of the pressure plate 246a is fixed to an inner 

circumferential wall 257a of the rotary ring 257 by driving a screw 

247a into a screwhole bi. A horizontal portion 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 b2 and b3 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 provided at the lower end of the support plate 

246b so as to face the contact 244c of the micro switch 244. In 

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 reference to Figs. 74A through 74C. 

First, the rotary ring 257 is rotated together wi~h the 

lighting 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 with use of the rotary shaft 240b as a fulcrum. 

Accordingly, pressing force due to the spring 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 ~he rotation of the rotary ring 257 makes 

the origin roller 245 come to the position opposite to the contact 
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244s 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 out fr·om the output terminal 244c <see Fig. 72 >. 

Because in this occasion 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 stretched to thereby rotate the lever 240 further 

counterclockwise. As a result, the roller 241 is instantaneously 

separated from the outer circumference of the rotary ring 257 as 

shown in Fig. 74B. 

When the rotary ring 257 further rotates so that the origin 

roller 245 passes through 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 dr~ven to rotate by 

the rotation of the rotary ring 257. 

As described above, in this embodiment, the origin roller 245 

is attached to the 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 the 

position of the origin is arranged in a predetermined position 

together with a body of the micro switch. In 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 the 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 is 

rotated clockwise or counterclockwise around the rotary shaft 240b 

as a fulcrum in response to the actual change of the locus of 

rotation of the rotary ring 257 so that the contact 244s of the 

micro switch 244 does not come off from the operating position 

where the contact 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 prism plate or the rotary ring is deformed because of 

thermal expansion, or the like, the origin roller makes the contact 

of the micro switch operate 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. 76A, the reference characters e 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 rotation 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 rotary 

ring 257, the positional relation between 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 exam~le, by two lo~g 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 positio~ 

detection roller 241 provided in the slider mechanism 263 tracks 

the change of the locus of rotation of the rotary ring 257, 

compensation is made so that the positional relation between the 

contact 244s of the micro switch 244 and the origin roller 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 lighting prism plate is 

directly detected by using the aforementioned technical thought of 

the present invention even in the case where the rotary ring 257 is 

not attached to the lighting pri~m 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 pri.sm plate 251 as shown in the 

drawings and so as to be projected from the outer circumferential 

face of the lighting prism 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 plate 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 prism 

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 plate 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 formed to be thicker than 

other portions as shown in Fig. 77C in order to increase the 

strength of the lighting prism plate 251. 

Also in this embodiment configured 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 driven lever 265 is rotated clockwise or 

counterclockwise -around the rotary shaft 267 as a fulcrum so as to 

track the fluctuation of the locus. As a result, compensation is 

made so that the positional relation 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 each 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 

the micro switch 244 is arranged below the inner diameter of the 

rotary ring 257 correspondingly to.the position of the origin 

roller 245, the present invention can be applied to the case where 

the origin roller 245 is arranged above the outer diameter of the 

rotary ring 257 and where the contact 244s of the micro switch 244 

is arranged above the outer diameter of the rotary ring 257 

correspondingly to the position of the origin roller 245 as shown 

in Embodiment 13-4 shown in Fig. 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 lower 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 iri the prlsm 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 plate 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 replaced 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 naving two or more 

lighting prism plates provided therein. In this occasion, one 

origin position detector as described above in the embodiments may 

be provided correspondingly to each of the lighting prism plates. 

The relation between the direction of the prism notches in the 

lighting prism plate and the position of the origin as shown in the 

drawings for the respective 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 tbe origin position detector in the solar 

lighting apparatus, the solar lighting controller of Embodiment 13 

has excellent effects as follows. 

ClJ 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 is no risk of damaging the function of the 

micro switch caused by the temperature 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 

driven 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 iighting 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

oase 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 rotate 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. 

Accordingly, the position of the origin of the lighting prism 

plate can be detected always accurately regardless of the 

fluctuation of the locus of rotation thereof caused by the 

temperature condition, or the like, both in the case where the 

lighting prism plate is arranged alone and in the case where a 

rotary ring is arranged so as to be concentrically and integrally 

with the lighting prism plate. 

<3> Accordingly, the lighting characteristic of the solar lighting. 

apparatus can always hold stable characteristics. 
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What is claimed is: 

1. A solar lighting apparatus in which: a plurality ~f lighting 

prism plat.es are rotatably arranged in a lighting portion at 

intervals of a predet~rmined distance; and prism angles (angles of 

rotation> of said lighting prism plates are controlled 

correspondingly 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 two, first and second, lighting prism plates are used as 

said lighting prism.plates, the condition given by either one of 

the following expressions Cl> and C2> is satisfied: 

( I OH I + I BL I) /2 ~ ( 90° - Ba) ••••• ( 1) 

••••• ( 2) 

in which 6L 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, 9H 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 9a 

repr.esents 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 an 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 

p~ism plate so that said distance of displacement S is determined 

in a range of 0 < S < P CP: 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 lighting 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 a of each micro prism in said micro 

prism portions of said lighting prism plates satisfies the 

following expressions: 

90" < a ~ a. • • • • • ( 3 ) 

••••• ( 4) 

in which Oe represents the outgoing angle of the lighting prism 

plate at the lowest height of the sun, and eh 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 pluiality of lighting prism plates are used at least 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. 

6. A solar lighting apparatus according to Claim 5, wherein 

when two lighting prism plates are used, as a combination of said 

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 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 plate. 

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 rotating said 

lighting prism plate on the basis of a predetermined control 

instruction corresponding to the height, azimuth, etc. of the sun1 

a pressure means for elastically pressing said lighting prism 

plate from one side1 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: 

said pressure means is constituted by at least one pressure 

roller for giving pressing force to said· lighting prism plate from 

one side through elastic force of a spring supported to a fixed 

portion: 

said support means is constituted by at least one pair of 

driven rollers which ar.e 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 indirectly, a sunlight 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 

transmission 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 

idly 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 can be absorbed. 

15. A solar lighting apparatus for a skylight, comprising a 

150 



' \11\11\ \\\I\\ Ill\\ \\1\1 \\ \II\ 
* c L M S * 

lighting means for performing lighting correspondingly to the 

he.i_ght and azimuth of the sun the direction of light rays of which 

changes 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 plurality of lighting prism 

plates are arranged one on another in the up/down direction at 

intervals of a predetermined distance and that each the 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 arranged in said 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; 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 plate1 

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.locus1 

and 

a prism/ring position driven means for supporting a prism/ring 

position 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 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 

152 



· 11p1j U/I~ IHH Hiii HI 
"' s * direction1 

a solar lighting controller comprising 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 said 

solar lighting apparatus is set, and an arithmetic o~eration 

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 processing unit to thereby issue a necessary rotating 

instruction from said central processing unit to thereby perform 

rotating control to locate said lighting apparatus in an optimum 

position correspondingly to the position of the sun. 

19. In 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 distance1 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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least date and time, wherein solar position data every hour are 

read into said setter in connection with the time measurement 

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 condition detector arranged 

so as to be opposite to each the lighting prism plate, 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 performed in the central processing unit 

or the arithmetic operation storage means; and a corrected rotating 

instruction is issued from the central processing unit or the 

arithmetic operation storage means to thereby control the rotation 

of the lighting prism plate to obtain an optimum prism· angle 

correspondingly to the position of the sun. 

21. A solar lighting controller according to Claim 18 or 19, 

wherein a lighting prism plate driving method is carried out so 

that the lighting prism plates are driven one by one alternatively 

and intermittently in a predetermined sequence so that optimum 

prism angles are obtained correspondingly to the position of the 

sun every hour. 

22. A solar lighting controller according to Claim 18 or 19, 

wherein when one cycle of driving operation in the steps of 

intermittently driving the respective lighting prism plates is 
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completed, a predetermined wait time is provided before the driving 

operation the preceding steps is repeated. 

23. A solar lighting controller 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 smaller number than the number of the 

lighting prism plates so that the common driving elements are used 

to be common to a plurality of lighting prism plates through 

switching means. 
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