
1 IMPROVEMENTS RELATING TO SIGN ILLUMINATION BACKGROUND OF THE INVENTION
Field of the Invention The present invention relates to an optical leakage
preventing apparatus for connection  etween an optical fiber and a light
emitting diode, and to a self light- 



emitting indicating apparatus using the same. More specifically, the
present  invention provides an apparatus for preventing leakage of light
for connection between the optical fiber and the light emitting diode which
is suitable when a light emitting diode is used as a light source, one end
of an optical fiber is placed near the light emitting diode, and the light
of the light emitting 



diode is transmitted to the lighting point at the other end of the optical
fiber.  More specifically, it provides a technique for reducing optical
loss at the connection between the optical fiber and the light emitting
diode. The self-light-emitting indicating apparatus relates to an apparatus
using a light emitting diode as a light source, and using an optical fiber
for transmitting light from the 



light emitting diode to the lighting point on an indication portion.  The
present invention also provides a technique for making thinner the
structure of the self-    light-emitting indicating apparatus by making
smaller the 



curvature of bending the optical fiber to narrow the distance between
holding plates such as panels or support members holding the optical fiber.
Though a commercial AC power source can be used as a power supply for the
light emitting diode, the present invention provides a self- light-emitting
indicating apparatus to which a solar cell is suitably used as a power
source for the light emitting 



diode. .Generally, in fire preventing operation, whether `the initial
operation can be started quickly or not is of critical importance for
successful fire fighting. Therefore, it is very important to guide fire
fighters quickly and accurately to a fire hydrant under poor visibility at
night.  Recently, as the number of 



automobiles has been increased while the parking lot is not sufficient, it
is often the case that even when a fire hydrant could be found quickly,
there is a car parked on the hydrant. Therefore, it is also important to
attract attention of the drivers so that the drivers park their cars away
from the fire hydrant or outside the path to the fire hydrant. 



Description of the Background Art Conventionally, in most cases, sign of a
fire hydrant is not provided with any illumination at all, and    3 



therefore it is difficult for the fire fighters to find a fire hydrant
under poor visibility at night. Conventionally, for illumination of road
signs (such as STOP, NO ENTRY, NO LEFT-TURN, NO-RIGHT TURN, NO PARKING and
so on) and common advertizing sign boards, indications are given by
incandescent lamps, fluorescent lamps, neon lamps or a number of light
emitting diodes (LEDs). 



However, these indications require much power. If a commercial AC power
source is readily available, power may be supplied to the incandescent
lamps, fluorescent lamps, neon lamps or LEDs from that power supply.
However, in a solitary island or in developing countries where commercial
AC power supply is not available, it is necessary to install a compact
power generating equipment 



if a road sign or an advertizing sign board is to be provided at a location
where such sign is necessary, which leads to considerable cost. In order to
solve such a problem, Japanese Patent Laying-Open No. 63-205689 proposes a
technique for a sign indication employing a light emitting diode and
optical fibers. In such a prior art technique, at a connection 



between the light emitting diode and the optical fiber, the light from the
light emitting diode leaks to portions other than the edges of a plurality
of optical fiber bundles opposing to the diode, resulting in optical loss.



4 When the edges of the plurality of optical fiber bundles are directly
brought into contact with an end surface of the light emitting diode so as
to suppress optical loss as much as possible, the edges of the optical
fiber bundles abut the end surface of the light emitting diode only at the
central portion, as the end surface of the light 



emitting diode has convex curved shape.  Accordingly, though the luminance
at the central portion of the optical fiber bundle is high, the luminance
at the peripheral portion is low. Therefore, according to this prior art
technique, the displayed characters or figures have uneven luminance.
Further, road signs, advertizing sign boards and so 



on placed outdoors are exposed to severe conditions such as high wind,
snow, heavy rain, high temperature, high humidity or extremely low
temperature. However, these signs have not been provided with any
countermeasures against the severe conditions. Further, facilities for
exchanging parts or antitheft measures have not been considered at all. 



In order to improve visibility of the fire hydrant sign, conventionally, a
self-light-emitting guide sign having light emitting diodes attached
directly or indirectly along the periphery of the fire hydrant sign board,
for example, has been used. However, since one   



light emitting diode is used directly as one lighting point in any of the
conventional examples, the same number of light emitting diodes as the
number of lighting points are necessary. More specifically, when 16 light
emitting diodes are attached around the periphery of a sign board having
the diameter of 646mm at a pitch of about 118mm, 



power consumption of the light emitting diodes would be about 0.6w. When
the ratio of time when the light is on and off is set to on:off=1:2, a
solar cell having the output of about 3w would be necessary.  If this is
implemented by solar cell modules commercially available at present, the
size would be about 220x200mm, which is too large for a guide sign having
the diameter of about 



650mm. Further, it is not economical when the cost of the solar cell
(1500-2000 yen per 1W) is taken into account. Thus, if the number of light
emitting diodes used is increased, not only the number of solar cells but
power consumption of the cell is increased, the cost as a whole is
increased, and thus this approach is not practical. When holding plates
such as panels or support members 



holding the optical fiber are placed opposing to each other and the optical
fiber is held on the inner surfaces of the two holding plates, the space
between these two holding plates cannot be narrowed to be smaller than a
prescribed distance in view of the relation with respect   



6 to the curvature of bending the optical fiber, since the optical fiber
encounters internal stress and the efficiency in transmitting light through
the fiber is decreased when the optical fiber is bent to a certain
curvature or more. Therefore, the structure of the self- 



light-emitting indicating apparatus has been considerably large and unable
to be made compact. Further, it suffers from the disadvantage that when the
self-light-emitting indicating apparatus for attracting attention to the
sign of a fire hydrant or the like happens to fall down, tip ends of the
optical fibers inserted to the through holes of the holding plate such as 



the support member or the panel are damaged. Further, there is a
disadvantage that water is gathered in the enclosure of the
self-light-emitting indicating apparatus, causing possible malfunction.
When illumination is to be provided for already existing fire hydrant sign
or road sign which does not have illumination light source with it, a
self-light- 



emitting indicating apparatus having illuminating apparatus must be newly
provided.    SUMMARY OF THE INVENTION It  is desired to reduce  leakage
loss  at  a 



connection between a light emitting diode and an optical fibre, which has
been experienced in the prior art, so as to reduce power consumption loss.
According to one aspect of the present invention, there is provided an
optical leakage preventing apparatus used for connection between a bundle
of optical fibres and a light emitting diode, said 



apparatus comprising: a holder comprising a through hole of circular
cross-section and a metallic light reflecting surface provided at an inner
periphery of the through hole; a bundle of optical fibres fixed in said
through hole of said holder; and a light emitting diode inserted and fixed
in said through hole at a position opposing to, and spaced apart by a small



distance for light diffusion from, edges of the optical fibre bundle
inserted and fixed in said through hole, wherein the diameter of the
through hole, the outer diameter of the bundle of optical fibres and the
outer diameter of the light emitting diode are approximately equal. The
light reflecting surface may comprise a 



metallic film formed by electroless plating or a metallic reflective sheet
or a metal thin film of    aluminium or the like. The light reflecting
surface may be provided on a side surface of the light 



emitting diode or directly onto the inner periphery of the through hole.
According to another aspect of the present invention, there is provided an
optical leakage preventing apparatus used for connection between a bundle
of optical fibres and a light emitting diode, the apparatus comprising: an
optical fibre holder 



comprising a first through hole of circular cross section; a bundle of
optical fibres inserted and fixed in said first through hole; a light
emitting diode holder comprising a second through hole of circular cross
section at a position opposed to an edge of the optical fibre bundle
inserted and fixed in said first through hole of the optical fibre holder,
and 



including a metallic light reflecting surface at an inner periphery of the
second through hole of the light emitting diode holder; a light emitting
diode inserted and fixed in the second through hole of the light emitting
diode holder;  and fixing means for clamping the optical fibre holder and
the light emitting diode holder together, wherein the diameters 



of the first and second through holes, the outer diameter of the bundle of
optical fibres and the outer diameter of the light emitting diode are
approximately    9 



equal. The fibre holder and the diode holder may each comprise a plurality
of through holes; and a plurality of optical fibre bundles inserted and
fixed in the through holes of the optical fibre holder; and a plurality of
light emitting diodes inserted and fixed in the through holes of the diode
holder. 



In  an  embodiment  of  the  optical  leakage preventing apparatus of the
present invention, the apparatus described above preferably further
comprises a   light   intercepting/light   reflecting   packing interposed
between the optical fibre holder and the light emitting diode holder. Since
the optical leakage preventing apparatus 



used for connection between the light emitting diode and the bundle of
optical fibres of the present invention described above is provided with
light reflecting surface such as a metal film formed by electroless
plating, a metallic reflective sheet, or a metal thin film of aluminium, on
the inner periphery of the through hole of the diode holder or has a light 



reflecting metallic film formed by electroless plating adhered on the side
surface of the light emitting diode, light emitted from the light emitting
diode is entirely reflected in the through hole of the diode holder, or
reflected to the direction of the optical   



10 fibres by the electroless plating on the side surface of the light
emitting diode, and is transmitted through the optical fibre. Therefore,
the light does not leak to the outside at the connection between the light
emitting diode and the optical fibres but is all 



transmitted to the optical fibres. In British Patent Application No. which
is divided out from the present application, it is desired to provide a
self-light-emitting indicating apparatus for explicitly indicating a sign
such as fire hydrant sign, which allows use of existing fire hydrant sign
or road sign even if the existing sign is 



not provided with light source for illumination, and which provides
illumination with a simple system. It is also desired to provide an
indicating apparatus with smaller power consumption, in view of the
disadvantage    of    the    conventional self-light-emitting indicating
apparatus that as increased number of light emitting diodes are used, 



current consumption is increased, solar cells and storage batteries having
large capacity become necessary, the overall cost is increased and as a
result, it is not economical or practical. It is also desired to protect
outdoor sign boards, road signs, fire hydrant signs and so on which are
exposed to severe conditions such as high wind, 



snow, heavy rain, high temperature, high moisture or extremely low
temperature. In addition, it is desired to facilitate exchange of a battery
and to prevent theft of parts such as a 



storage battery, in view of the fact that a nickel cadmium storage battery
or the like has its charging performance rapidly degraded after repetitive
charging/discharging of 400 to 500 times, and therefore exchange of the
storage battery is necessary once in every one and a half or every two
years. Also, it is desired to provide a technique which 



can solve the problem that tip ends of the optical fibres inserted into
through holes of the holding plate such as the support member or the panel
are damaged  when  the  self-light-emitting  indicating apparatus for
attracting attention to the sign of a fire hydrant  or  the  like happens
to  fall down. Furthermore, it would be useful to provide a technique 



for solving the problem of water gathering in the enclosure of the
self-light-emitting indicating apparatus, causing malfunction. The
self-light-emitting indicating apparatus which is the subject of the
divisional application (GB                ) includes (a) an enclosure
formed by combining a pair of semi-tubular bodies opposing to 



each other having first and second waterproof support    12 members,
arranged opposing to each other at both ends on the inner side; (b) a first
panel fixed on the 



first support member of the enclosure and having a plurality of through
holes and having a sign indicating portion; (c) a second panel fixed on the
second support member of the enclosure; (d) a container portion defined by
the enclosure and the first and second panels; (e) a plurality of optical
fibres contained in the container portion, each having 



one end inserted and fixed in each of a plurality of through holes provided
at least in the first or the second panel; (f) a light emitting diode
contained in the container portion, arranged adjacent to the other ends of
the plurality of optical fibres which are bundled and cut, and including an
optical leakage preventing means;  (g) power supply for the light 



emitting diode; and (h) a metal fitting attached to the enclosure or to the
second panel and fixed on the enclosure or the second panel. The
self-light-emitting apparatus of the above divisional application can also
be said to include (a) an enclosure provided with mutually opposing first
an second support members arranged at both ends of a 



tubular body and having a plurality of through holes; (b) a container
portion defined by the enclosure and the first and second support members;
(c) a plurality    13 



of optical fibres contained in the container portion each having one end
inserted and fixed in each of a plurality of through holes of at least one
of the first and second support members; (d) a light emitting diode
contained in the container portion, arranged adjacent to the other end of
the optical fibres and having an optical leakage preventing means; (e) a 



power source for the light emitting diode; (f) a lid covering the container
portion; and (g) a metal fitting attached to the lid or the enclosure for
fixing the lid or the enclosure. Self-light-emitting indicating apparatus
of the above divisional application, by the combination of a small number
of light emitting diodes and optical 



fibres arranged adjacent thereto, light points of light having nearly
monochromatic wavelength can be provided in wider space with large
intervals along the periphery of the sign board. Therefore, the position of
the fire hydrant sign, for example, can be clearly indicated especially
when the light points are flickered, and the effect of guiding can be much 



improved. In an embodiment of the self-light-emitting indicating
apparatus   of  the   above   divisional application, the optical leakage
preventing means of the light emitting diode is implemented by the above   



14 described optical leakage preventing apparatus with a reflective surface
provided on the inner periphery of the diode holder, or by an electroless
plating effected on a coated side surface of the light emitting diode. 



In another embodiment of the self-light-emitting indicating   apparatus
of   the  above   divisional application, the power supply is a solar cell
attached on a solar cell holder provided on the enclosure or on the second
panel. Alternatively, the power supply can be a solar cell attached on a
solar cell holder provided on the lid or the support member. 



In the self-light-emitting indicating apparatus in accordance with another
embodiment of the above divisional application, at least one of an extended
portion of the tubular body and the lid is set to be little protruded from
one edge of the optical fibres protruding from the through holes of the
support member. By virtue of this structure, the tip ends of 



the optical fibres will not be damaged even when the self-light-emitting
apparatus happens to fall down. In addition, preferably a draining hole is
provided at a   lower   portion   of   the   enclosure   of   the
self-light-emitting   indicating   apparatus,    and therefore water, such
as rain drops, does not gather. In British Patent Application No. 



15 which has also been divided out of the present application, it is
desired to provide a technique which allows increase in curvature of the
optical 



fibre  without   decreasing   efficiency   in   light transmission. In
addition, it is also desired when holding plates such as panels or support
members holding the optical fibres are placed opposing to each other to
hold the optical fibres with their inner surfaces, to make narrower the
space between these two holding 



plates to be less than a prescribed distance while not generating internal
stress in the optical fibres and not degrading efficiency in transmitting
light, even when the optical fibres are bent to a certain curvature or
more, so as to make compact the structure of the self-light-emitting
indicating apparatus. The self-light-emitting indicating apparatus 



which is the subject of the last mentioned divisional application includes
(a) first and second holding plates having a plurality of through holes and
arranged opposing to each other with a prescribed distance;   (b)   first
optical   fibres   arranged approximately parallel to and near an inner
surface of the first holding plate, bent with a prescribed 



curvature and having one end inserted to respective through holes of the
second holding plate; (c) second    16 optical fibres arranged
approximately parallel to and 



near an inner surface of the second holding plate and crossing the first
optical fibres, bent with a prescribed curvature and each having one end
inserted to respective through holes of the first holding plate; (d) a
light emitting diode arranged adjacent to the other end of each of the
first and second optical fibres; and (e) a power supply for the light
emitting 



diode. In addition, when holding plates such as panels or support members
holding the optical fibres are placed opposing to each other and the
optical fibre is held by both holding plates at the inner surfaces of the
holding plates, optical fibres are bent at a certain curvature and optical
fibres held by the 



holding plates are crossed, in a range not damaging mechanical
characteristics and not degrading optical characteristics of the optical
fibres (acryl) such as the light transmittance or the refractive index, so
as to make narrower the space between the holding plates. Further, in order
to increase curvature of bending the optical fibre, heat treatment can be
effected to 



prevent degradation of the light transmittance and the refractive index and
to prevent damage to the mechanical characteristics, of the optical fibre.
The self-light-emitting indicating apparatus of    



17 the last mentioned divisional application could be said to include (a) a
holding plate having a plurality of through holes; (b) optical fibres each
having one end inserted to the through hole of the holding plate; (c) an
adhesive applied around the through hole to which the optical fibre is
inserted at the inner 



surface of the holding plate and applied at the periphery of the optical
fibre, so as to adhere and fix the optical fibre on the holding plate; a
light emitting diode arranged adjacent to the other end of the optical
fibre; and (e) a power supply for the light emitting diode; in which the
optical fibre is bent with a prescribed curvature by external pressure 



at a prescribed position from one end of the optical fibre fixed on the
holding plate, and the portion bent by the external pressure of the optical
fibre is heated for a prescribed time period so as to reduce stress caused
by bending strain at the bent portion by the external pressure. The
self-light-emitting indicating apparatus of 



an embodiment of the last mentioned divisional application includes (a) a
holding plate having a plurality of through holes; (b) optical fibres each
having one end inserted to the through hole of the holding plate and bent
with a prescribed curvature at a prescribed position from one end by
heating and  



18 keeping at the heated temperature for a prescribed time period; (c) a
light emitting diode arranged adjacent to the other end of the optical
fibre; and (d) a power supply for the light emitting diode. 



In an embodiment of the self-light-emitting indicating apparatus of the
last mentioned divisional application the optical fibre is preferably bent
with the curvature of 70[err]<lOOd by means of heat treatment, where d
represents the diameter of the optical fibre and r represents the radius of
curvature of the, optical fibre. In addition, the apparatus, includes 



(a) a holding plate having an auxiliary plate arranged spaced by a
prescribed distance from or arranged directly in contact with the holding
plate, and a plurality of through holes which are also provided in the
auxiliary plate; (b) optical fibres each having one end inserted to the
through hole of the holding plate; (c) a light emitting diode arranged
adjacent to 



the other end of the optical fibre; and (d) a power supply for the light
emitting diode; in which the relation D[err]4d holds, where d represents
distance from outer surface of the holding plate to outer surface of the
auxiliary plate, and d represents the diameter of the optical fibre.
Preferably the auxiliary plate has approximately  the  same  coefficient
of  thermal 



expansion as that of the holding plate.    19 The above and further
features of the present invention are set forth in the appended claims and,



together with the advantages thereof, should become clear from
consideration of the following detailed description of several exemplary
embodiments of the invention which are given with reference to the
accompanying drawings. BRIEF DESCRIPTION OF THE DRAWINGS Fig.  1  is  a
perspective  view  showing  a 



self-light-emitting indicating apparatus for a guide sign incorporating an
optical leakage prevention apparatus embodying the present invention; Fig.
2 is a perspective view showing internal structure  of  the
self-light-emitting  indicating apparatus shown in Fig. 1; Fig. 3 shows an
existing fire hydrant sign to 



which the self-light-emitting indicating apparatus of Fig. 1 is attached;
Fig.  4  is  a  perspective  view  of  another self-light-emitting
indicating apparatus incorporating an optical leakage prevention device
embodying the present invention; Fig.   5   is   a  perspective   view   of
the 



self-light-emitting indicating apparatus shown in Fig. 4, cut along the
line X-X; Fig. 6 is a cross section taken along the line X-    20 



X of the self-light-emitting indicating apparatus shown in Fig. 4; Fig. 7
is an exploded perspective view at the time of assembly of the
self-light-emitting indicating apparatus shown in Fig. 4; Fig. 8 is an
exploded perspective view of the metal fitting shown in Fig. 7; 



Fig. 9 is a partially exploded perspective view of an optical leakage
preventing apparatus for connection for a light emitting diode embodying
the present invention; Fig. 10 is a partially exploded perspective view of
one modification of the optical leakage preventing apparatus embodying the
present invention; 



Fig.  11 is a graph showing how the light is diffused  using  the  optical
leakage  prevention apparatus of Figs. 9 and 10; Fig. 12 shows another
modification of the optical leakage preventing apparatus embodying the
present invention; Figs. 13A, 13B and 13C are a plan view, a front 



view and a perspective view, respectively, of another optical leakage
preventing apparatus embodying the present invention; Figs. 14A and 14B are
a front view and a perspective view of a further optical leakage   



21 preventing apparatus embodying the present invention; Fig. 15 shows one
modification of the optical leakage preventing apparatus of Figs. 14A and
14B; Fig. 16 shows another modification of the optical leakage preventing
apparatus of Figs. 14A and 14B; 



Fig. 17A shows a concept of another modification of the optical leakage
preventing apparatus of Figs. 14A and 14B, and Fig. 17B shows said
modification of the apparatus; Fig. 18 shows a power source circuit of the
self-light-emitting indicating apparatus of Figs. 1 and 4; 



Fig. 19 is a partial cross section of another self-light-emitting
indicating apparatus ; Fig. 20 is a partial perspective view of a further
self-light-emitting indicating apparatus; and Fig. 21 is an exploded
perspective view of the self-light-emitting indicating apparatus shown in
Fig. 4. 



DETAILED DESCRIPTION OF THE EMBODIMENTS Embodiments of the present
invention will be described hereinafter with reference to the figures, and
with reference to several self-light-emitting indicating apparatus. (First
Embodiment) Referring now to Figures 1 and 2, a solar cell 



22 holder 2 on which a solar cell module 1 is fixed is attached above first
and second support members 41a and 41b having outer diameter of 674mm by
means of a support 



body 3. Through holes 5 through which optical fibers formed of acryl
protrude are provided at the first and second support members 41a and 41b.
In the through holes 5, a total of 102 optical fibers 7 having the diameter
of 0.75mm are arranged, protruding by 2mm from the outer wall of the
support members 41a and 41b and fixed by an epoxy resin at the support
members 41a and 41b with the interval 



of about 40mm. In the solar cell holder 2, a storage battery and a circuit
for driving the apparatus for flickering are contained. In a recessed
container portion 9 defined by an inner tubular body 42 formed of an ABS
resin and by the first and second support members 41a and 41b, two light
emitting diodes (having the diameter of 10mm) 8a, 8b, 102 optical fibers 7,
wires and so on are 



contained. At a peripheral portion of support members 41a and 41b, arm
attachment fittings 6 are fixed, by which arm attachment fittings 6, the
apparatus can be attached on attachment arms 11a, l1b and 11c of an
existing fire hydrant sign board 10.   



23 Fig. 2 is a perspective view illustrating the inside of the apparatus
showing the support members 41a and 41b covered by a band shaped lid 43.
Here, trailing edge of optical fiber 7 may be protruded to the side of the
outer wall from the side of 



the inner wall of the internal tubular body 42 for flickering. Further, the
arrangement of the tubular body 42 and the lid 43 may be reversed so that
the tubular body 42 faces outward and the lid 43 faces inward. Fig. 3 is a
perspective view of a commonly used existing fire hydrant sign board which
includes, a pole 12, a ring shaped portion of the pole 12a, attachment arms



11a, 11b and 11c fixed by welding on the ring shaped portion 12a, and a
sign board 10 of iron having the thickness of about 1mm, fixed on the
attachment arms 11a, 11b and 11c by means of bolts and nuts 13. The ring
shaped light emitting body for indication is attached to the sign board 10
in the following manner. Namely, referring to Fig. 1, by attachment
fittings 6 of 



the ring shaped light emitting body, the ring shaped light emitting body is
pressed against the attachment arms 11a, 11b and 11c of the existing fire
hydrant sign board 10, and the body is rotated in one direction (in the
direction of the arrow A), and by this simple operation, the attachment
fittings 6 can be attached and fixed on the  



24 attachment arms 11a, 11b and 11c. More specifically, in the recessed
portion 6a of the attachment fittings 6, attachment arms 11a, 11b and 11c
are fitted, bolts are inserted to attachment holes 6b, and the attachment 



fittings 6 are fixed on attachment arms 11a, 11b and 11c by fastening, by
means of nuts. Accordingly, installment of the light emitting body on the
sign body 10 is very easy. Since attachment/detachment is so easy, the
apparatus can be attached not only to general signs in town but also to
signs at construction sites or the like where commercial power supply is
not available, 



temporarily or permanently. According to the present embodiment, visibility
of the sign board 10 can be improved by using very small number of light
emitting diodes and by arranging a number of lighting points in an enlarged
area at arbitrary three dimensional positions by means of optical fibers.
In order to verify visibility at night, the inventor 



performed an experiment in which the diameter of the optical fiber, the
interval for arrangement of the optical fibers, current consumption of the
light emitting diodes were changed variously, and luminance from the
distance of l00m was compared at night. As a result, it was proved that by
using two light emitting diodes having the diameter 10mm and 5000mcd and
flickering the lighting 



25 points arranged in the manner as described above, the luminance was
sufficient and the indication was visible enough. According to the
conditions for arrangement 



specified above, the power consumption of the light emitting diode can be
reduced to about 0.07w, which can be afforded by a solar cell having the
output of about 0.4W, so that the economical effect is remarkable. Since
the power consumption can thus be reduced, a guide sign which operates
sufficiently only by providing a solar cell having the size of about
220x50mm, can be . 



implemented. Since the solar cell module, the storage battery, flickering
circuit and a ring shaped light emitting body can be coupled integrally,
the guiding sign can be made compact and portable, and hence it can be
freely attached, by means of the body attachment fittings 6, directly on
the existing fire hydrant sign board 10. Since attenuation of light
intensity can be neglected 



because of the combination of the light emitting diode and the optical
fiber, and light having nearly monochromatic wavelength flickers, it has
superior guiding effect, and therefore a guiding sign having simple
structure and superior performance can be obtained by virtue of the
characteristics of the light emitting diodes and optical fibers as well as
that of the solar cell. 



Further, the guide sign described above is suitable    26 for various and
wide applications such as various road signs, number indicating boards,
advertising sign 



boards, various guide signs and so on and therefore it contributes much to
fire fighting operation, traffic control, advertisement, and so on. (Second
Embodiment) Referring now to Figs. 4 to 8, the same or corresponding
portions of the self-illuminating indicating apparatus as in the first
embodiment shown 



in Figs. 1 to 3 are denoted by the same reference characters. On both ends
of semi-tubular bodies 42a and 42b formed of a synthetic resin such as
acryl or of aluminium first and second support members 41a and 41b as well
as an engaging recessed portion are formed integrally, and on the tubular
body, solar cell holder 



2 is arranged. A disc shaped first panel 15a formed of aluminium or a
synthetic resin such as acryl for indicating fire hydrant sign, characters
and symbols are provided, and along the characters and symbols, through
holes 5 are provided, to which optical fibres 7 of acryl are inserted and
fixed. On a disc shaped second panel 15b formed of aluminium or a synthetic



resin such as acryl,a nickel cadmium battery 16 or the like for charging is
attached. However,it may be also provided with through holes 5 to which
optical fibres    27 



7 of acryl are inserted and fixed for indicating characters or signs as
needed. At engaging recessed portions 141a and 141b provided at both ends
of one semi- tubular body 42a, halves of the first and second panels 15a
and 15b are engaged and fixed. Thereafter, at engaging recessed portions
141a and 141b provided at both ends of the other semi-tubular body 42b,
remaining halves 



of the first and second panels 15a and 15b are engaged and fixed,
respectively. On the inner side of the first panel 15a, an optical leakage
preventing apparatus 17 for connecting the light emitting diode 8, which
will be described later, is attached. In a container portion 14 defined by
the semi-tubular bodies 42a and 42b, the first panel 15a and second panel
15b, a flickering circuit, a 



detecting circuit for detecting whether the outside is dark or not, a
switch circuit for turning on/off the power supply to the light emitting
diode in accordance with the detected output, and so on are contained. A
part detachment hole 19 is provided at the second panel 15b at a position
where the storage battery can be detached for exchange, and the part
attachment hole 19 is covered by a 



lid 20 for part exchange. Attachment fittings 21 for attaching the body on
the pole 12 are fixed by vises 22a and nuts 22b on the second panel 15b,
and the position is set such that the pole 12 is just placed on the lid 20
for    



28 part exchange. Base 23 of the attachment fitting 21 is fixed by welding
on the second panel 15b of aluminum. Since one end of the optical fiber is
provided along characters or symbols on the first panel 15a and protruded
by about 2mm from the surface of the panel, view angle from the outside is
wide. If the view angle is to be 



further widened, the end of the optical fiber may be adapted to have the
diversions of about 60 from the tip end thereof, in such a shape as a
pencil head. The container portion 14 defined by the engaging recessed
portions 141a and 141b of the semi-tubular bodies 42a and 42b and by the
first and second panels 15a and 15b is perfectly sealed, there is not a
possibility of water 



entering the container portion. Meanwhile, it is necessary to let external
air in or it is necessary to prevent mist drops from being gathered, a
small through hole 24 may be provided at a lower portion of the semi-
tubular bodies 42a and 42b. As shown in Fig. 21, connecting plates 50a and
50b formed of aluminum and having approximately the same 



curvature as the inner surface of semi-tubular bodies 42a and 42b, which
plates are provided in advance, are putted on the inside of the
semi-circular bodies 42a and 42b, and the connecting plates are fixed by
inserting eyelets 53a and 53b in fitting holes 51a and 51b of semi-tubular



29 bodies 42a and 42b and fitting holes 52a and 52b of connecting plates
50a and 50b for connecting the semi- tubular bodies 42a and 42b with each
other. Further, solar cell holder 2 is also fixed by stacking solar cell
holder 2, semi-tubular bodies 42a and 42b and connecting 



plates 50a and 50b with each other and then inserting eyelets (not shown
into fitting holes (not shown) bored through them, before solar cell module
1 is attached to solar cell holder 2. As shown in Fig. 8, the space P
between L-shaped. fittings 23a and 23b on the base 23 is narrower than the
head of vis 22a but little wider than the diameter of the 



threaded portion thereof. Therefore, fitting 21 is inserted to space P from
the direction of the arrow B with the vis 22a inserted to the threaded hole
21a, and it is fastened on the L-shaped fitting by means of nut 22b. With
regard to the self-light-emitting indicating apparatus shown in Figs. 6 and
7 as well, solar cell holder 2 and semi-tubular bodies 42a and 42b with
each 



other and then inserting eyelets 54a and 54b into fitting holes (not shown)
bored through them, before solar cell module 1 is attached to solar cell
holder 2. By flickering the indicating apparatus at night, (a) visibility
is improved, and (b) electric energy can be reduced. According to the
experiment by the inventor,  



30 when the indicating apparatus is kept on for about 0.4 to 0.6 seconds
and kept off for 0.8 to 1.2 seconds, the effects (a) and (b) can both be
obtained and the apparatus is very practical. 



Fig. 18 shows one example of a power source circuit that can be used with
the self-illuminating indicating apparatus. The electromotive voltage E of
a solar cell 1 is 4.8V,  and two solar cells are connected in series in
this example.  A diode 35 is provided for preventing reverse flow, and it
prevents flow of current from storage battery 16 to the solar 



cell 1 when irradiation of solar cell is stopped and electromotive voltage
E is not generated. A detecting circuit 36 detects whether the outside is
dark or not. In response to the detection output, a switching piece of
switch circuit 18 is switched to the side a or to the side b, which switch
turns ON/OFF the power supply to the light emitting diode 8. Specifically,
when the 



electromotive voltage of solar cell 1 is about 9V in day time, the switch
is switched to the side a, and if the electromotive voltage is near OV in
the dark at night, the switch is switched to the side b.   The reference
numeral 37 denotes a circuit for flickering. A protective resistance 38 is
provided for preventing flow of excessive current to the storage battery 16



when light emitting diode (LED) 8 is short-circuited,    31 (in this
embodiment, 18 to 20mA) to the LED (in this embodiment, l000[err]). 



Since a nickel cadmium storage battery degrades when charging/discharging
is repeated, it must be exchanged once in every or every other year. For
this purpose, the part detachment hole 19 is necessary. It is possible that
the storage battery in the hole is stolen by opening the lid 20 for part
exchange. However, since the pole is positioned just on the lid 



for part exchange, the lid for part exchange cannot be readily opened,
which is an effective theft deterrent. (Third Embodiment) An embodiment of
the present invention will be described with reference to Figs. 9 to 12.
Referring to Fig. 9, a sleeve shaped holder 25 formed of a synthetic resin
of the present embodiment 



has a light reflecting member 26 in the form of electroless plating, light
reflecting sheet or a metal thin plate such as aluminium on an inner
peripheral surface of the through hole thereof, in which through hole, a
plurality of optical fibre bundles 70 are adhered and fixed by means of an
adhesive.   At a position opposing to the edges of the optical fibre 



bundles 70 inserted and fixed in the through hole, a light emitting diode
is fixed by means of an adhesive, with a prescribed small space (0.5-2mm)
for light diffusion.    



32 The reflective sheet used here is a recurrent reflecting member obtained
by embedding transparent fine particles of glass in a transparent resin
layer and providing a deposition layer of metal on the rear side of the
fine particles with a prescribed distance. The effect of light diffusion
when a small space 



(0.5-2mm) is provided between the edges of the optical fibre bundles 7' and
the light emitting diode is as shown in Fig. 11. More specifically, the
luminance at the centre and at the peripheral portion of the optical fibre
change as shown in the right part of Fig. 11 when the edges of the optical
fibre bundles 7' is directly in contact with the light emitting diode 



8.   Meanwhile,  when  a  small  space  (0.5-2mm)  is provided between the
edges of the optical fibre bundles 7' and the light emitting diode, the
luminance changes as shown in the left part of Fig. 11, that is, difference
in luminance at the centre and the peripheral portion can be reduced. Fig.
10 shows one modification of the optical 



leakage preventing apparatus embodying the present invention. Referring to
Fig. 10, a rectangular holder 25 of synthetic resin is provided with a
light reflecting member 26 in the form of electroless plating, light
reflecting sheet or a metal   



33 thin plate such as aluminum on the inner peripheral surface of a through
thereof, and in the through hole, a plurality of optical fiber bundles are
adhered and fixed by means of an adhesive.  At this time, an epoxy resin is
applied over about 5cm from the tip end of the optical 



fiber bundle, the optical fiber bundle is inserted to the holder 25 of the
synthetic resin and protruded by about 3cm from the surface of the holder,
and the epoxy resin is hardened in this state. After the resin is hardened,
the protruded optical fibers are cut by a saw, edges of the optical fiber
bundles is polished by means of a file and a sandpaper, and then the edges
are subjected to buffing 



(using a grinder formed of cloths), so that the edges of the optical fibers
are mirror-finished. On the inner peripheral surface of the through hole of
the light emitting diode holder 27, light reflecting material 26 such as
electroless plating or light reflecting sheet is provided, and light
emitting diode 8 has its electrode soldered onto a copper foil of a printed
board 28. Light 



emitting diode 8 is inserted to the through hole of light emitting diode
holder 27, it abuts the fiber holder 25 with a light intercepting/light
reflecting packing 29 formed of a synthetic resin interposed, and together
with the light emitting diode holder, it is fastened and fixed by means of
bolts 30a and nuts 30b.  Since there is  



34 provided the light intercepting/light reflecting packing 29, the light
does not leak in directions other than the optical fibre, even when the
edge surfaces of light emitting diode holder 27 is not in 



tight contact with the optical fibre holder 25. Fig. 12 shows one
modification of the present embodiment.   Referring to Fig. 12, this
embodiment differs from that of Fig.  10 only in that three through holes
are provided in a rectangular holder 25 formed of a synthetic resin.  More
specifically, on the inner peripheral surface of the through holes, 



light reflecting member 26 of electroless plating, light reflecting sheet
or metal thin plate such as aluminium is provided, and a plurality of
optical fibre bundles are adhered and fixed in these through holes,
respectively by an adhesive. (Fourth Embodiment) Another embodiment of the
present invention will 



be described with reference to Figs. 13A, 13B and 13C. Referring to Figs.
13A to 13C, a side surface of the light emitting diode is provided with
electroless plating 31. In this case, optical reflecting member need not be
provided in the through holes of the optical fibre holder 25 and the light
emitting diode holder 27. 



35 (Fifth Embodiment) The  arrangement  of  the  optical  fibres  is
described with reference to Figs. 14A and 14B. 



Referring to Figs. 14A and 14B, when optical fibres 7 are to be provided in
the through holes 5 of the first and second support members 41a and 41b of
the tubular body 42 shown in Fig. 2, optical fibres 7a and 7b are provided
crossing each other, so as to make narrower the distance between the first
and second support members 41a and 41b. More specifically, optical fibre 



7a inserted to the through hole 5 of the first support member 41a is
arranged approximately parallel along the inner surface of the second
support member 41b, while optical fibre 7b inserted to through hole 5 of
the   second   support   member   41b   is   arranged approximately
parallel along the inner surface of the first support member 41a, while
both optical fibres 



are arranged crossing each other, and each bent at a prescribed curvature.
Accordingly, the space between the first and second support members 41a and
41b can be made narrow. The same applies to the first and second panels 15a
and 15b fixed on the first and second support members 41a and 41b shown in
Fig. 5.  Therefore, in 



the claims, the first and second support members 41a and 41b of Fig. 2 and
the first and second panels 15a    36 and 15b of Fig. 5 are generally
referred to as first 



and second holding plates. Fig.   15   shows   a   modification   of   the
self-light-emitting indicating apparatus.   Fig.  15 shows a partial cross
section of the first and second panels 15a and 15b fixed on the first and
second support members 41a and 41b of Fig. 5, in accordance with the
modification. An optical fibre 7 is inserted 



to a through hole 5 of the panel 15, epoxy resin adhesive 32 prepared by
mixing a main agent and a hardener is applied, and then by using a hair
dryer, a hot wind of about 80[err]C to 90[err]C is blown for about 1 minute
to the portion of the optical fibre inserted in the through hole 5 and bent
portion 33 of the optical fibre. 



When the optical fibre is formed of acryl, it is necessary to bend the
optical fibre with the curvature of 100d<r at a room temperature, where d
represents the diameter and r represents radius of curvature of the optical
fibre. However, by heat treatment performed in the present    invention,
degradation    of    optical 



characteristics of the optical fibre (acryl), that is, light transmittance,
refractive index and so on, caused by strain and stress generated at the
bent portion can be prevented, and at the same time,    



37 degradation of mechanical characteristics can also be prevented.
Therefore, the optical fibre can be bent with the curvature of
70d[err]<100d. Further, the time of hardening of the epoxy resin used for
adhesion can be reduced. Fig. 16 shows another modification. The example 



of Fig. 16 is approximately the same as that of Fig. 15, except that the
optical fibre 7 is heated and kept at the heated temperature 40[err]C to
50[err]C for about minute in advance so as to shape the fibre, and then the
optical fibre 7 is inserted to the through hole 5. A still further
modification is described hereinbelow with reference to Figs. 17A and 17B.
Fig. 



17A shows a state in which optical fibre 7 is inserted to the first panel
15a of Fig. 5.  Generally, the relation D[err]4d must be satisfied to fix
the optical fibre at a prescribed angle as shown in Fig. 17A, where D
represents the thickness of the panel (or holding plate) and d represents
the diameter of the optical fibre.   In this modification,  the relation 



D[err]4d only has to be satisfied, where D represents distance from an
outer surface Q of panel 15c to an outer surface S of auxiliary plate 34
and d represents the diameter of the optical fibre. (Sixth Embodiment) Fig.
19 is a partially exploded cross section of  



38 another self-light-emitting indicating apparatus. More specifically,
Figs. 19A, 19B, and 19C show the manner of assembly of tubular body 42,
optical fibre 7 and lid 43. The tubular body 42 of Fig. 2 and first 



and second support members 41a and 41b of Fig. 2 are formed integrally, and
the tubular body 42 is extended as it is to provide extended portions 38a
and 38b. The extended portions 38a and 38b are little protruded from the
protruded ends of optical fibre 7. Further, the lid 43 is also protruded,
with a little wider width, from the protruding end of optical fibre 7, as 



the extended portions 38a and 38b. By virtue of this structure, the
protruded ends of optical fibre 7 are not damaged, since they are protected
by the extended portions 38a and 38b of the tubular body 42 as well as by
the widened portion of the lid 43, even when the self-light-emitting
indicating apparatus falls down. (Seventh Embodiment) 



Fig. 20 is a partial perspective view of a further self-light-emitting
indicating apparatus. The solar cell holder 2 attached to the lid 43 of
Fig. 1 is attached on an upper end of a pole 12 which is separate from the
self-light-emitting indicating apparatus, by extending a lead 39, and metal
fitting 6 is provided inside the tubular body 42. 



As described above, an indicating apparatus is    39 fabricated by using a
small number of light emitting diodes, acryl optical fibres having tip ends
adjacent 



to the diodes and optical leakage preventing means, so that compared with
the conventional method of point light sources of light emitting diodes,
optical energy can be transmitted efficiently, and lighting points can be
provided in a wide range along characters, symbols or the periphery of the
sign board by means of the  optical  fibres.    Therefore,  the  effect  of



improving visibility is remarkable, and in addition, power consumption can
be significantly reduced. Since light reflecting member is provided around
the light emitting diode or electroless plating is performed on the light
emitting diode, optical loss can be suppressed. Further, as the optical
fibres are arranged 



crossing with each other and optical fibres are subjected to heat
treatment, the optical fibres can be bent at the curvature of 70[err]<100d,
which is far larger than usual, while not impeding mechanical
characteristics and physical characteristics such as light transmittance,
refractive index or the like. Therefore, the space between opposing panels
can be 



narrowed,  and the apparatus can be made compact. Further, by the heat
treatment, the time necessary for hardening the epoxy resin used for
adhesion can be    40 



reduced. Further, since an auxiliary plate is attached at a prescribed
distance on the holding plate for attaching the optical fibres, the
material can be saved and the weight can be reduced. Further, since at
least one of the lid and the extended portion of the tubular body is set to
be 



little protruded from one end of the optical fibre protruding from the
through hole of the support member, the tip end of the optical fibre may
not be damaged even when the self-light-emitting indicating apparatus falls
down. In the self-light-emitting indicating apparatus, a draining hole is
provided at a lower portion of the 



enclosure of the self-light-emitting indicating apparatus, and therefore,
rain drops or the like do not gather. Further, by making long the lead, the
solar cell can be placed at an arbitrary position, for example on a fixed
body provided close to the self-light-emitting indicating apparatus in
advance, so as to enable most 



efficient reception of the sun light.    41 Having thus described the
present invention by reference to several particular embodiments, it is to 



be appreciated that the described embodiments are exemplary only and are
susceptible to modification and variation without departure from the scope
of the invention as determined by the appended claims.    



42 CLAIMS: 1.  An optical leakage preventing apparatus used for connection
between a bundle of optical fibres and a light emitting diode, said
apparatus comprising: a holder comprising a through hole of circular
cross-section and a metallic light reflecting surface 



provided at an inner periphery of the through hole; a bundle of optical
fibres fixed in said through hole of said holder; and a light emitting
diode inserted and fixed in said through hole at a position opposing to,
and spaced apart by a small distance for light diffusion from, edges of the
optical fibre bundle inserted and fixed 



in said through hole, wherein the diameter of the through hole, the outer
diameter of the bundle of optical fibres and the outer diameter of the
light emitting diode are approximately equal. 2.   The   optical   leakage
preventing   apparatus according to claim 1, wherein said light reflecting
surface comprises a 



metallic film formed by electroless plating. 3.   The   optical   leakage
preventing   apparatus according to claim 1 or 2, wherein said metallic
light    43 



reflecting surface is provided on a side surface of the light emitting
diode. 4.   The   optical   leakage   preventing   apparatus according to
claim 1, wherein said light reflecting surface comprises a metallic
reflective sheet inserted onto the inner periphery of the through hole. 



5.   The   optical   leakage   preventing   apparatus according to claim 1,
wherein said light reflecting surface comprises a metal thin film of
aluminium or the like inserted onto the inner periphery of the through
hole. 6.   An optical leakage preventing apparatus used for connection
between a bundle of optical fibres and a 



light emitting diode, the apparatus comprising: an optical fibre holder
comprising a first through hole of circular cross section; a bundle of
optical fibres inserted and fixed in said first through hole; a light
emitting diode holder comprising a second through hole of circular cross
section at a position 



opposed to an edge of the optical fibre bundle inserted and fixed in said
first through hole of the    44 optical fibre holder, and including a
metallic light 



reflecting surface at an inner periphery of the second through hole of the
light emitting diode holder; a light emitting diode inserted and fixed in
the second through hole of the light emitting diode holder; and fixing
means for clamping the optical fibre holder and the light emitting diode
holder together, 



wherein the diameters of the first and second through holes, the outer
diameter of the bundle of optical fibres and the outer diameter of the
light emitting diode are approximately equal. 7.   The   optical   leakage
preventing   apparatus according to claim 6, further comprising: a metallic
light reflecting surface at an inner 



periphery of the first through hole of said optical fibre holder. 8.   The
optical   leakage   preventing   apparatus according to claim 6 or 7,
wherein said light reflecting surface of said first and/or said second
through holes each comprise a metallic film formed by electroless plating. 



9.   The   optical   leakage   preventing   apparatus    45 according to
claim 6, 7 or 8, wherein said second light reflecting surface is provided
on a side surface 



of the light emitting diode. 10.  The   optical   leakage   preventing
apparatus according to claim 6 or 7, wherein said light reflecting surfaces
of said first and/or said second through holes each comprise a metallic
reflective sheet inserted onto the inner periphery of said first and/or
said second through 



hole respectively. 11. The optical leakage preventing means according to
claim 6 or 7, wherein said light reflecting surfaces of said first and/or
said second through holes each comprise a metal thin plate of aluminium or
the like inserted onto the inner periphery of said first and/or said second



through hole respectively. 12.  The   optical   leakage   preventing
apparatus according to any of claims 6 to 11, wherein a light
intercepting/light refracting packing is interposed between said optical
fibre holder and said light emitting diode holder.  



46 13.  The   optical   leakage   preventing   apparatus according to any
of claims 6 to 12, wherein a prescribed small space is provided for light
diffusion between a front surface of said light 



emitting diode and opposing faces of the edges of said bundle of optical
fibres. 14.  The   optical   leakage   preventing   apparatus according to
any of claims 6 to 13, wherein said fixing means includes a bolt and a nut.
15.  The   optical   leakage   preventing   apparatus according to any of
claims 6 to 14, wherein said 



apparatus is arranged to optically connect a plurality of bundles of
optical fibres with a plurality of light emitting diodes. 16.  The
optical   leakage   preventing   apparatus according to claim 15, wherein
said optical fibre holder and said diode holder each have a plurality of
through holes provided therein, and said apparatus 



further comprises a plurality of bundles of optical fibres each
respectively inserted and fixed in said plurality of through holes of said
optical fibre holder, and a plurality of light emitting diodes each
respectively inserted and fixed in said plurality of   



47 through holes of said diode holder. 17.  The   optical   leakage
preventing   apparatus according to any preceding claim, wherein said light
emitting diode is fixed by solder on a copper foil of a printed board. 



18.  The   optical   leakage   preventing   apparatus according to any
preceding claim, wherein the optical fibre holder comprises a synthetic
resin. 19. An apparatus substantially as herein described with reference to
the accompanying drawings.   


























































