~

1 INPRCMENENTS RELATI NG TO SI GN | LLUM NATI ON BACKGROUND OF THE | NVENTI ON
Fi-el d of the | nventi on The esent _invention relates.to.an opti caﬂ”ﬂ@a@de

preventing appar at us- 'f or connecR&@hACéH%ééﬁiéﬁ optFéaJ fiiber and a |ight
emtting diode, and to a se h“ﬂ ‘bJ CHivcion *Lt,od to paged 4‘ .....
) : H to paged ..Mk
b to paged.. '%
#3. to paged .. 7L

10

15

20

IMPROVEMENTS RELATING TO SIGN ILLUMINATION

BACKGROUND OF THE INVENTION
Field of the Invention

The present invention relates to an optical leakage
preventing apéaratus for connection between an opticai
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 diqde, 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 fibef and the light emitting diode.
The self-light-emitting indicating apﬁara;us relates to an
apparatus using a light emitting diode as a light souzce,
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 seli-
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em tting indicating apparatus using the same. Mre specifically, the
présent invention provides an apparatus for preventing |eakage of |ight
for “connecti on between the optical fiber and the light emtting di ode which
is suitable when a light emtting diode is used as a |light source, one end
of an optical fiber is placed near the light emtting diode, and the |ight
of the light emtting

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

5 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. |

10 ' Generally, in fire preventing operatién, 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

15 visibility at night. Recently, as the number of |
automobiles has been increased while the parking lot is
not sufficient, it ié often the case that even when a fire
hydrant could be found quickly, there is a car parked on
the hydrant. Therefpre,.it-is also important to attract

20 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

25 is not provided with any illumination at all, and
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diode is transmtted to the Iighting point at the other end of the optical
fiber. Mre specifically, it provides a technique for reducing opti cal

| oss at the connection between the optical fiber and the |ight emtting
diede. The self-light-emtting indicating apparatus rel ates to an apparatus
using a light emtting diode as a |light source, and using an optical fiber

for transmtting light fromthe

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
5 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
10 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
15 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—2p56§9 proposes a technique for a sign
20 indication employing a light emitting diode and optical
fibers. 1In 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

25 bundles opposing to the diode, resulting in optical loss.
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light emtting diode to the lighting point on an indication portion. The
pr.esent invention also provides a technique for making thinner the
structure of the self- light-emtting indicating apparatus by making

sial l er the

When the edges of the plurality of optical fiber bundles
are difectly brought into contact with an end surface of
the light emitting diodé so as to suppress optical loss as
much as possible, the edges of the optical fiber bundles

5 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

10 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

15 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 orx antitheft measures have not been

20 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

25 board, for example, has been used. However, since one
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curvature of bending the optical fiber to narrow the distance between
hol di ng pl ates such as panel s or support nenbers hol ding the optical fiber.
Though a comercial AC power source can be used as a power supply for the

| fght emitting diode, the present invention provides a self- light-emtting
i ndi cating apparatus to which a solar cell is suitably used as a power
source for the light emtting

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
lare necessary. More specifically, when 16 light emitting

S 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

10 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

15 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 fhis approach is not practical.

20 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

25 prescribed distance in view of the relation with respect
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diode. .Cenerally, in fire preventing operation, whether "the initial
operation can be started quickly or not is of critical inportance for
successful fire fighting. Therefore, it is very inportant to guide fire
fighters quickly and accurately to a fire hydrant under poor visibility at
night. Recently, as the nunber of

to the curvature of bending the optical fiber, since the
optical fiber encounters internal stress and the
efficiency in iransmitting light through the fiber is
decreased when the optical fiber is bent to a certain
5 curvature or more. Therefore, the structure of the self-
light-emitting indicating apparatus has been considerably
large and unable to be made compact.
o ’ Further, it suffers from the disadvantage that when
the self-light-emitting indicating apparatus for
10 - 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
15 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 éource with it, a self—light;

20 emitting indicating apparatus having illuminating
apparatus must be newly provided.
SUMMARY OF THE INVENTION

An object of the present invention is to provide a

self-light-emitting indicating apparatus for explicitly

25 indicating a sign such as fire hydrant sign, which allows
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aut onobi | es 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 inportant to
attract attention of the drivers so that the drivers park their cars away
fromthe fire hydrant or outside the path to the fire hydrant.
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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.

Another object of the present invention is to reduce
leakage loss at a connection between a light emitting
diode and an optical fiber, which was experienced in the
prior art, so as to reduce power consumption loss.

Another object of the present invention is 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 economica% or practical.

A still further object of the present invention is,
when holding plates such as panelé or support members
holding the optical.fibér are placed opposing to each
other to hold the optical fiber 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 fiber and not

degrading efficiency in transmitting light, even when the

- optical fiber is bent to a certain curvature or more, SO
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Description of the Background Art Conventionally, in nbost cases, sign of a
fire hydrant is not provided wwth any illumnation at all, and 3

2

as to make compact the structure of the self-light-
emitting indicating apparatus.

A still further object of the present invéntion is to
protect outdoor sign boards, road signs, fire hydrant

5 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.

~ A still further object of the present invgntion is to
facilitate exchange of a battery and to prevent theft of

10 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

15 one and a half or every two years. '

A still further object of the present invention is to
provide a technique which allows increase in curvature of
the optical fiber without decreasihg efficiency in light
transmission. | .

20 A further object of the present invention is to
provide a technique which can solve the problem that tip
ends of the optical fibers inserted into through holes of
the holding plate such as the support member or the panel
are damaged when the self-light-emitting indicating

25 apparatus for attracting attention to the sign of a fire
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therefore it is difficult for the fire fighters to find a fire hydrant
under poor visibility at night. Conventionally, for illumnation of road
si gns (such as STOP, NO ENTRY, NO LEFT-TURN, NO Rl GHT TURN, NO PARKI NG and
so=on) and common advertizing sign boards, indications are given by

I ncandescent | anps, fluorescent |anps, neon |anps or a nunber of |ight
emtting diodes (LEDs).

hydrant or the like happens to fall down.

A still further object of the present invention is to
provide a technique for solving the problem of water
gathering in the enclosure of the self-light-emitting

5 indicating apparatus, causing malfunction.

According to one aspect, the dptical leakage
preventing apparatus used for connection between a light
emitting diode and an optical fiber of the present
invention includes a holder formed of a synthetic resin

10 having a through hole, on inner peripheral surface of
which a light reflecting member is provided by electroless
plating or by means of a reflective sheet; a plurality of
optical fiber bundles adhered and fixed by means of an
adhesive in the through hole of the holder; and a light.

15 emitting diode inserted and fixed in the through hole at a
position opposing to the optical fibgr bundles with a
prescribed small space for diffusion of light, inserted
and fixed in the through hole. |

According to the another aspect, the optical leakage

20 preventing apparatus of the present invention includes a
fiber holder of é synthetic resin having a plurality of
through holes; a plurality of optical fiber fundles
inserted and fixed in the through holes of the holder; a

diode holder of a synthetic resin having a plurality of

25 through holes, the inner peripheral surface of which
h1s Sheet Hi\i“Bt“eIn‘IlTﬂlird -9




However,

these indications require nuch power. If a commercial AC pomer'

source is readily avail able, power may be supplied to the incandescent
fluorescent |anps, neon lanps or LEDs fromthat power supply. :

Ianps

However ,

in a solitary island or in devel oping countries where comerci al

AC power supply is not available, it is necessary to install a conpact
generati ng equi pnent

power
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through hole is provided with a light reflecting member in
the form of electroless plating, reflective sheet, or a
metal thin film of alminium; a light emitting diode
inserted and fixed in the through hole of the light
emitting diode holder; and fixing means for clamping the
fiber holder and the light emitting diode holder.

In a preferred embodiment of the optical leakage
preventing apparatus of the present invention, the optical
leakage preventing apparatus described above further
includes a light intercepting/light reflecting packing
interposed betweerni the optical fiber holder and the light
emitting diode holder.

Since the optical leakage preventing apparatus used
for connection between the light emitting diode and the
optical fiber of the present invention described above is
provided with light reflecting membe; such as electroless
plating, reflective sheet, or a metal thin film of
alminium, on the inner peripheral.surface of the through
hole of the holder fprméd of synthetic resin or has light
reflecting member of 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, or reflected to the direction of the optical
fiber by the electroless plating on the side surface of

the light emitting diode, and is transmitted through the
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if_a road sign or an advertizing sign board is to be provided at a |ocation
thTe such sign is necessary, which | eads to considerable cost. In order to
so[ve such a problem Japanese Patent Layi ng- Open No. 63-205689 proposes a
teehnique for a sign indication enploying a iight emtting di ode and
optical fibers. In such a prior art technique, at a connection

optical fiber. Therefore, the light does not leak to the
outside at the connection between the light emitting diode
and the optical fiber but all transmitted in the optical
fiber. According to one aspect, the self-light-emitting

5 indicating apparatus of the present invention includes (a)
an enclosure formed by combining a pair of semi-tubular
bodies opposing to each other having first and second
waterproof support members, arranged opposing to each
other at both ends on the inner side; (b) a first panel

10 fixed on the first support member of the enclosure and
having a plurality of thréugh 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;

15 (e) a plurality of optical fibers contained in the-
container portion, each having one eqd inserted and fixed
in each of é plurality of through holes provided at least
in the first or the second panel;.(f) a 1ight emitting
diode contained in the container portion, arranged

20 adjacent to the.other ends of the plurality of optical
fibers 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

25 enclosure or the second panel.

This Sheet Has Been Rep

AR ||||



bet ween the light emtting diode and the optical fiber, the [ight fromthe
Ilght emtting diode | eaks to portions other than the edges of a plurality
of . optical fiber bundl es opposing to the diode, resulting in optical |oss.

According to still another aspect, the self-light-
emitting apparatus of the preSeﬁt invention includes (a)
an enclosure provided with mutually opposing first and
second support members arrangéd at both ends of a tubular
5 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 of optical
fibers contained in the container portion each having one
end inserted and fixed in each of a plurality of through
10 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 fibers and having an optical leakage
preventing means; (e) a power source for the light
15 emitting diode; (f) a lid covering the container poftion;
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
present-invention, by thé combination of a small number of
20 light emitting diodes and optical fibers 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

25 example, can be clearly indicated especially when the
Tl



4 \When the edges of the plurality of optical fiber bundles are directly
brought into contact wwth an end surface of the light emtting diode so as
to.suppress optical |oss as much as possible, the edges of the optical
fiber bundl es abut the end surface of the light emtting diode only at the
central portion, as the end surface of the light

light points are flickered, and the effect of guiding can
be much improved.
In a preferred embodiment of the self-light-emitting
indicating apparatus of the present invention, the optical
5 leakage preventing means of the light emitting diode is
imp;emented by the above described optical leakage
preventing apparatus, or by an electroless plating
effected on a coated side surface of the light emitting
diode.

10 In another preferred embodiment of the self-light-
emitting indicating apparatus of the present invention,
the power supply is a solar cell attached on a solar cell
holder provided on the enclosure or on the second panel.

In a still another preferred embodiment of the self-

15 light-emitting indicating apparatus of the present
invention, the power supply is a solar cell attached on a
solar cell holder provided on the lid or the support
member.

According to a still further aspect, the self-light-

20 emitting indicating apparatus of the present invention
includes (a) first and second holding plates having a
plurality of thfough holes and arranged opposing to.each
other with a prescribed distance; (b) first optical fibers
arranged approximately parallel to and near an inner

25 surface of the first holding plate, bent with a prescribed
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emtting diode has convex curved shape. Accordingly, though the |um nance

at"'the centra

portion of the optical fiber bundle is high, the | um nance

at .t he peripheral portion is |low Therefore, according to this prior art

t echni que,

t he di splayed characters or figures have uneven | um nance.

Further, road signs, advertizing sign boards and so

10
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with a prescribed curvature and having one end inserted to
respective through holes of the second holding plate; (c)

second optical fibers arranged approximately parallel to

and near an inner surface of the second holding plate and

crossing the first optical fibers, 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 fibers; and (e) a power
supply for the light emitting diode.

In the self-light-emitting indicating apparatus in
accordance with still another embodiment of the pfesent
invention, when holding plates such as panels or support
members holding the optical fibers are placed opposing to
each other and the optical fiber is held by both holding
plates at the inner surfaces of the bolding plates, |
optical fibers are bent at a certain curvature and optical
fibers held by the holding plates.are crossed, in a range
not damaging mechanical characteristics and not degrading
optical characteristics of the optical fibers (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
bptical fiber, heat treatment is effected to prevent

degradation of the light transmittance and the refractive

///

laced .
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on. pl aced outdoors are exposed to severe conditions such as high w nd,
snow; heavy rain, high tenperature, high humidity or extremely | ow

t epperature. However, these signs have not been provided wth any

- count er measur es agai nst the severe conditions. Further, facilities for
exchangi ng parts or antitheft neasures have not been considered at all

index and to prevent damage to the mechanical
charactéristics, of the optical fiber.
In accordance with a still another aspect, the self-
light-emitting indicating apparatus of the present
5 invention includes (a) a holding plate having a plurality
of through holes; (b) optical fibers 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 fiber is inserted at the inner surface of the
10 holding plate and applied at the periphery of the optical
fiber, so as to adhere and fix the optical fiber on the
holding plate; a light emitting diode arranged adjacent to
the other end of the optical fiber; and (e) a power supply
for the light emitting diode; in which the optical fiber
15 is bent with a prescribed curvature by external pressure
at a prescribed position from one end of the optical fiber
fixed on the holding plate, and the portion bent by the
external pressure of the optical fiber is heated for a
prescribed time period so as to reduce stress caused by
20 bending strain at the bent portion by the external
pressure.
According to still another aspect, the self-light-
emitting indicating apparatus of an embodiment of the
present invention includes (a) a holding plate having a

25 plurality of through holes; (b) optical fibers each having
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In.order to inprove visibility of the fire hydrant sign, conventionally, a
sel'f-light-emtting guide sign having light enitting diodes attached
directly or indirectly along the periphery of the fire hydrant sign board,
f or exanpl e, has been used. However, since one

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 keeping at the heated
temperature for a prescribed time period; (c) a light
5 emitting diode arranged adjacent to the other end of the
optical fiber; and (d) a power supply for the light
emitﬁing diode.
In a preferred embodiment of the self-light-emitting
indicating apparatus of the present invention, the optical
10 fiber is bent with the curvature of 70<r<100d by means of
heat treatment where d represents the diameter of the
optical fiber and r represents the radius of curvature of
the optical fiber.
According to a still further aspect, the self-light-
15 emitting indicating apparatus of the present invention
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 hoies which are also provided in the
20 auxiliary plate; (b) optical fibers 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 fiber; and (d) a power supply for the light

emitting diode; in which the relation D24d holds, where d

25 represents distance from outer surface of the holding
_—
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light emtting diode is used directly as one lighting point in any of the
cofiventi onal exanpl es, the same nunber of light emtting diodes as the
nupber of lighting points are necessary. Mirre specifically, when 16 |ight
enttting diodes are attached around the periphery of a sign board. having
the dianmeter of 646nmmat a pitch of about 118mm

plate to outer surface of the auxiliary plate, and d
represents the diameter of the optical fiber.

In still another embodiment of the present invention,
in the self-light-emitting indicating apparatus, the

5 auxiliary plate has approximately the same coefficient of
thermal expansion as that of the holding plate.

In the self-light—eﬁittiné indicating apparatus in
accordance with a still another embodiment of the present
invention, at least one of an extended portion of the

10 tubular body and the lid is set to be little protruded
from one edge of the optical fiber protruding from the
through hole of the support member. By virtue of this
structure, the tip end of the optical fiber will not be
damaged even when the self-light-emitting apparatus

15 happens to fall down.

In the self-light-emitting indiqating aéparatus in
accordance with a still further embodiment of the present
invention, a draining hole is proQided at a lower portion
of the enclosure of the self-light-emitting indicating

20 apparatus, and therefore water, such as rain drops, does
not gather.

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 frém consideration

25 of the following detailed description of several exemplary

embodiments of the invention which are given with
-17-
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power consunption of the light emtting di odes woul d be about 0.6w. Wen
thé 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
i frpl enent ed by solar cell nodules commercially avail able at present, the
si ze woul d be about 220x200nm which is too |large for a guide sign having
t he di anmeter of about

reference to the accompanying drawings.
BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a perspective view showing a seif-light-
emitting indicating apparatus for a guide sign in

5 accordance with a first embodiment of the present

invention.

Fig. 2 is a perspective view showing internal
structure of the self-light-emitting indicating apparatus
shown in Fig. 1.

10 ~ 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 the self-light-
emitting indicating apparatus in accordance with a second

15 embodiment of 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 éection taken along the line X-X of

.20 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.

25 Fig. 8 is an exploded perspective view of the metal
~18- : L
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650mm Further, it is not econom cal when the cost of the solar cel
(1500-2000 yen per 1W is taken into account. Thus, if the number of |ight
emtting diodes used is increased, not only the nunber of solar cells but
power consunption of the cell is increased, the cost as a whole is

I ncreased, and thus this approach is not practical. Wen hol ding pl ates
such as panels or support nenbers

fitting of the self-light-emitting indicating apparatus of
the present invention.

Fig. 9 is a partially exploded perspective view of an
optical leakage preventing apparatus for connection for a

5 light emitting diode in accordance with a third embodiment
of the present invention.

Fig. 10 is a partially exploded perspective view of
one modification of the optical leakage preventing
apparatus in accordance with the third embodiment of the

10 present invention.

Fig. 11 is a graph showing how the light is diffused
in accordance with the present invention.

Fig. 12 shows another modification of the optical
leakage preventing apparatus in accordance with the third

15 embodiment of the present invention. |

Figs. 13A, 13B and 13C are a plgn view, a front view
and a perspective view, respectively, of the optical
leakage preventing apparatus in aécordance with a fourth
embodiment of the present invention.

20 Figs. 14A and 14B are a front view and a perspective
view of an optical leakage preventing apparatus in
accordance with a fifth embodiment of_the present
invention.

Fig. 15 shows one modification of the optical leakage

25 preventing apparatus in accordance with the fifth
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hol ding 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 hol ding plates cannot be narrowed to be snaller than a
prescri bed distance in view of the relation with respect
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embodiment of the present invention.

Fig. 16 shows another modification of the optical
leakage preventing apparatus in accordance with the fifth
embodiment of the present invention.

Fig. 17A shows a concept of still another
modification of the optical leakage preventing apparatus
in accordance with the fifth embodiment of the present
invention, and Fig. 17B shows said modification of the
apparatus. |

Fig. 18 shows a power sourée circuit of the self-
light-emitting indicating apparatus in accordance with one
embodiment of the present invention.

Fig. 19 is a partial cross section of the self-light-
emitting indicating apparatus in accordance with another
embodiment of the present invention.

Fig. 20.is a partial perspective view of the self-
light-emitting indicating apparatus in accordance with a
still further émbodimen; of the présent invention.

Fig. 21 is an e;loraed prospective view of the self-
light-emitting indicating apparatus in accordance with the

second embodiment of the present invention shown in Fig.

4.
DETAILED DESCRIPTION OF THE EMBODIMENTS

Embodiments of the present invention will be:

described with reference to the figures.
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6 o the curvature of bending the optical fiber, since the optical fiber
encounters internal stress and the efficiency in transmtting |ight through
thé fiber is decreased when the optical fiber is bent to a certain
curvature or nore. Therefore, the structure of the self-

(First Embodiment)

The first embodiment of the present invention will be
described with reference to Figs. 1 and 2. A solar cell
holder 2 on which a solar cell module 1 is fixed is

5 attached above first and second support members 4la 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 suppbrt members 4la and 41b. In the through holes

10 5, a total of 102 optical fibérs 7 having the diameter of
0.75mm are arranged, protruding by 2mm from the outer wall
of the support members 4la and 41b and fixed by an epoxy
resin at the support members 4la and 41lb with the interval
of about 40mm. In the solar cell holder 2, a storage

15 battery and a circuit for driving the apparatus for.
flickering are contained. 1In 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 4la and
41b, two light emitting aiodes (having the diameter of

20 10mm) 8a, 8b, 102 optical fibers 7, wires and so on are
contained. At a peripheral portion of support members 4la
and 41b, arm attachment fittings 6 aré fixed, by which arm
attachment fittings 6, the apparatus can be attached on
attachment arms 1lla, 1lb and llc of an existing fire

25 hydrant sign board 10.
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Ilghy-enitting I ndi cati ng apparatus has been considerably |arge and unabl e
to beg nmade conpact. Further, it suffers fromthe disadvantage that when the
self-light-emtting 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

Fig. 2 is a perspective view illustrating the inside
of the apparatus showing the ‘support members 4la and 41b
covered by a band shaped lid 43.

Here, trailing edge of optical fiber 7 may be

5 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 1lid 43 faces inwaxd.

10 Fig. 3 is a perspective view of a commonly used
existing fire hydrant sigﬁ board which includes a pole 12,
a ring shaped portion of the pole 12a, attachment arms
lla, 11b and llc fixed by welding on the ring shaped
portion 12a, and a sign board 10 of iron having the

15 thickness of about lmm, fixed on the attachment arms 1lla,
11b and 1llc 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 Fié. 1, by attachment fittings 6 of

20 the ring shaped light emitting body, the ring shaped light
emitting body is pressed against the attachment arms lla,
11b and llc 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

25 attachment fittings 6 can be attached and fixed on the
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the support menber or the panel are damaged. Further, there is a -
di sadvant age that water is gathered in the enclosure of the
self-light-emtting indicating apparatus, causing possible malfunction.

When illumnation is to be provided for already existing fire hydrant sign
or road sign which does not have illum nation |ight source wth it, a

sel f-1ight-

attachment arms lla, 1lb and llc. More specifically, in
the recessed portion 6a of the attachment fittings 6,
attachment arms 1lla, 1ib and llc are fitted, bolts are
inserted to attachment holes 6b, and the attachment
5 ‘fittings 6 are fixed on attachment arms 1lla, 11lb and 1llc
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
10  town but also to signs at cénstruction'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
15 number of light emitting diodes and by arranging a humber
of lighting points in an enlarged area at arbitrary three
dimensional positions by means of optical fibers. 1In
order to verify'visibility at nigﬁt, the inventor
performed an experiment in which the diameter of the
20 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
100m was compared at night. As a result, it was pro&ed

that by using two light emitting diodes having the
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em fting indicating apparatus having illunminating apparatus must be newy

provi ded.
Ip§s at
5
10
15
20
25

SUWARY OF THE INVENTION It is desired to reduce |eakage

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, tﬁe 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 fiftings
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 weil as that of the solar cell.

Further, the guide sign described above is suitable

-
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connection between a light emtting diode and an optical fibre, which has
been:experienced in the prior art, so as to reduce power consunption | oss.
According to one aspect of the present invention, there is provided an

opti cal |eakage preventing apparatus used for connection between a bundl e

of optical fibres and a light emtting diode, said

for various and wide applications such as various road
signs, number indicating boards, advertizing sign boards,
various guide signs and so on and therefore it contributes
much to fire fighting operation, traffic control,

5 advertizement, and so on.

(Second Embodiment)

A second embodiment of the present invention will be
described with reference to Figs. 4 to 8. 1In these
figures, the same or corresponding portions as in the

10 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 aluminum,
first and second support members 4la and 41b as well as an

15 engaging recessed portion are formed integrally, and on
the tubular body, solar cell holder g is arranged. A disc
shaped first panel 15a formed of aluminum or a synthetic
resin such as acryl for indicatiné fire hydrant sign,
characters and symbols afe provided, and along the

20 characters and symbols, through holes 5 are provided, to
which optical fibers 7 of acryl are inserted and fixed.

On a disc shaped second panel 15b formed of aluminum or a
synthetic resin such as acryl, a nickel cadmium battery 16
or the like for charging is attached. However, it may be

25 also provided with through holes 5 to which optical fibers

I
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apparatus conprising: a holder conprising a through hole of circular
cross-section and a netallic light reflecting surface provided at an inner
peti phery of the through hole; a bundle of optical fibres fixed in said

t hrough hol e of said holder; and a light emtting diode inserted and fi xed
in said through hole at a position opposing to, and spaced apart by a small

10

15

20

25

7 of acryl are inserted and fixed for indicating
characters or éigns as needed. At engaging recessed
portions 14la and 141b provided at both ends of one semi-
tubulaxr body 42a, halves of the first and second panels
15a and 15b are engaged and fixed. Thereafter, at
engaging recessed portions l4la and 141b provided at both
ends of the other semi-~tubular body 42b, remaining halves
of the first and secpnd 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 piovided 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
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di stance for light diffusion from edges of the optical fibre bundle
inserted and fixed in said through hole, wherein the dianeter of the

t hyough hole, the outer dianmeter of the bundle of optical fibres and the
outer dianeter of the light enmtting diode are approximately equal. The
light reflecting surface may conprise a

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

5 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.

10 - The container portion 14 defined by the engaging
recessed pqrtions l4la 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

15 necessary to let external air in or it is necessary-to
prevent mist drops from being gathe;gd, a small through

Ty 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

20 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, afe putted
on the inside of the semi-circular bodies 42a and 42b, and
the connecting plates are fixed by inserting eyelets 53a

25 and 53b in fitting holes 5l1a and 51b of semi-tubular

[
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metallic filmformed by electroless plating or a netallic reflectlve sheet
or a-netal thin film of alumniumor the like. The light reflecting
sprface may be provided on a side surface of the |ight

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
5 ‘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.
10 ' 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 wvis 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
15 the vis 22a inserted to the threaded hole 2la, 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—tupulaf bodies 42a and 42b with each
20 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

25 reduced. According to the experiment by the inventor,
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emitting diode or directly onto the inner periphery of the through hole.
According to anot her aspect of the present invention, there is provided an
| eakage preventing apparatus used for connection between a bundle

opti cal

of opti cal
fibre hol der

opti cal

10

15

20

25

fibres and a light emtting diode, the apparatus conprising: an

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

used in the present invention. 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. 1In
response to the detection output, a switching piece of
switch circuit 18 is switched to the side a or to ﬁhe side
b, which switch turns ON/OFF the power supply to the light
emitting diode 8. Specifically, wheﬂ the electromotive
voltage of solar cell 1 is about 9V in day time, the
switch is switched to tﬁe 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, and it is set to allow flow of an
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conprising a first through hole of circular cross section; a bundle of
fibres inserted and fixed in said first through hole; a |ight
emtting diode holder conprising 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,

opti cal

and

10

15

20

25

appropriate current (in this embodiment, 18 to 20mA) to
the LED (in this embodiment, 100%).

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 in the
present invention, the 1lid for part exchange caﬁnot be
readily opened, which is an effective theft deterrent.

(Third Embodiment) |

A third embodiment of the present invention will be
described with reference to Figs. 9 to 12.

Referring té Fig. 9, a sleeve shaped holder 25 formed
of a synthetic resin of the present epbodiment has a light
reflecting member 26 in the form of electroless plating,
light reflecting sheet or a metal thin plate such as
aluminum on an inner'peripheral surface of the through
hole thereof, in which through hole, a plurality of
optical fiber bundles 70 are adhered and fixed by means of
an adhesive. At a position opposing to the edges of the
optical fiber bundles 70 inserted and fixed in ihe through
hole, a light emitting diode is fixed by means of an

adhesive, with a prescribed small space (0.5-2mm) for
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incjuding a netallic light reflecting surface at an inner periphery of the
second through hole of the light emtting diode holder; a light emtting
di ode inserted and fixed in the second through hole of the light enmtting
di ode holder; and fixing neans for clanping the optical fibre holder and
the light emtting diode hol der together, wherein the dianeters

light diffusion.

The reflective sheet used here is a recurrent
reflecting member obtained by embedding transparent fine
particles of glass in a transparent resin layer and

5 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 opticai
fiber bundles 7’ and the light emitting diode is as shown

10 in Fig. 11. More specifically, the luminance at the
center and at the peripheral portion of the optical fiber
change as shown in the right part of Fig. 11 when the
edges of the optical fiber bundles 7’ is directly in.
contact with the light emitting diode 8. Meanwhile, when

15 a small space (0.5-2mm) is provided between the edges of
the optical fiber bundles 7’ and the light emitting diode,
the luminance changes as shown in the left part of Figqg.
11, that is, difference in luminance at the center and the
peripheral portion can bé reduced.

20 Fig; 10 shows one modification of the optical leakage
preventing apparatus in accordance with the third
embodiment of 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

25 eiect;oless plating, light reflecting sheet or a metal
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of,;he first and second through holes, the outer dianeter of the bundle of
optical fibres and the outer diameter of the light emtting diode are
approxinately

10

15

20

25

9

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 bﬁndle 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 iﬁterposed, and together with
the light emitting diode holder, it is'fastened and fixed

by means of bolts 30a and nuts 30b. Since there is
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equal . The fibre holder and the diode hol der may each conprise 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
Liggt emtting diodes inserted and fixed in the through holes of the diode
ol der.

provided the light intercepting/light reflecting -packing

29, the light does not leak in directions other than the

optical fiber, even when the edge surfaces of light

emitting diode holder 27 is not in tight contact with the
5 optical fiber 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

10 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 aluminum is provided, and a plurality of
optical fiber bundles are adhered and fixed in these

15 through holes, respectively by an adhesive.

(Fourth Embodiment)

A fourth embodiment of the present invention will be
described with reference to Figs..13A, 13B and 13C.
Referring to Figs. 1§A t§ 13C, a side surface of the light

20 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 fiber holder
25 and the light emitting diode holder 27.

(Fifth Embodiment)

25 A fifth embodiment of the present invention will be
N Thlis Islhlielt Iliiiﬁ;eillieﬁird




In., an enbodinment of the optical |eakage preventing apparatus of the
present invention, the apparatus described above preferably further
conprises a | i ght intercepting/light reflecting packi ng i nterposed
between the optical fibre holder and the light emtting diode holder. Since
the optical |eakage preventing apparatus

described with reference to Figs. 14A and 14B. Referring
to Figs. 14A and 14B, in this embodiment, when optical
fibers 7 are to be provided in the through holes 5 of the
first and second support members 4la and 41b of the

5 tubular body 42 shown in Fig. 2, optical fibers 7a and 7b
are prqvided crossing each other, so as to make narrower
the distance between the first and second support members
41a and 41b. More specifically, optical fiber 7a inserted
to the through hole 5 of the first support member 4la is

10 arranged approximately parallel along the inner surface of
the second support member 41b, while optical fiber 7b
inserted to through hole 5 of the secohd support member
41b is arranged approximately parallel along the inner
surface of the first support member 4la, while both

15 optical fibers are arranged crossing each other, and each
bent at a prescribed curvature. Accordingly, the space
between the first and second support members 4la and 41b
can be made narrow.

The same appligs to'the first and second panels 15a

20 and 15b fixed on the first and second support members 4la
and 41b shown in Fig. 5. Therefore, in the claims, the
first and second support members 4la and 41b of Fig. 2 and
the first and second panels 15a and 15b-of Fig. 5 are
generally referred to as first and second holding plates.

25 Fig. 15 shows a modification of the self-light-
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used for connection between the light emtting diode and the bundl e of
opti:cal fibres of the present invention described above is provided with
l'ight reflecting surface such as a netal filmformed by el ectrol ess
ptating, a nmetallic reflective sheet, or a netal thin filmof alumnium on
the inner periphery of the through hole of the diode holder or has a |ight

emitting indicating apparatus of the present embodiment.
Fig. 15 shows a éartial cross section of the first and
second paneis 15a and 15b fixed on the first and second
support members 4la and 41b of Fig. 5, in accordance with
5 the modification. An optical fiber 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°C
to 90°C is blown for about 1 minute to the portion of the

10 optical fiber inserted in the through hole 5 and bent
portion 33 of the optical fiber.

When the optical fiber is formed of acryl, it is
necessary to bend the 6ptical fiber with the curvature of
100d<r at a room temperature, where d represents the

15 diameter and r represents radius of curvature of thé
optical fiber.

However, by heat treatment performed in the present
invention, degradation of opticalﬁcharacteristics of the
optical fiber (acryl), tﬁat is, light transmittance,

20 refractive index and so on, caused by strain and stress
generated at the bent portion can be prevented, and at the
same time, degradation of mechanical characteristics can
also be prevented. Therefore, the optical fiber can be
bent with the curvature of 70dgr<100d. Further, the time

25 of hardening of the epoxy resin used for adhesion can be

N




reflecting metallic filmformed by el ectroless plating adhered on the side
surface of the light emtting diode, light emtted fromthe Iight emtting
diode is entirely reflected in the through hole of the diode hol der, or
reftected to the direction of the optical

reduced.
Fig. 16 shows another modification of the present
embodiment. The example of Fig. 16 is approximately the
same as that of Fig. 15, except that the optical fiber 7
5 is heated and kept at the heated temperature 40°C to 50°C
for about 1 minutes in advance so as to shape the fiber,
and then the optical fiber 7 is inserted to the through
hole 5.
A still further modification of the present
10 embodiment will be described with reference to Figs. 17A
and 17B. Fig. 17A shows a state in which optical fiber 7
is inserted to the first panel 15a of Fig. 5. Generally,
the relation D24d must be satisfied to fix the optical
fiber at a prescribed angle as shown in Fig. 17A, where D
15 represents the thickness of the panel (or holding plate)

- and d represents the diameter of the_optical fiber. 1In
this modification, the relation Dz4d only has to be
satisfied, where D represents distance from an outer
surface Q of panel 15c t§ an outer surface S of auxiliary

20 plate 34 and d represents the diameter of the optical
fiber.
(Sixth Embodiment)
Fié. 19 is a partially exploded cross section of the
self-light-~emitting indicating apparatus in accordance
25 with another embodiment of the present invention. More

-
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10 _fibres by the electrol ess plating on the side surface of the |ight
en1tt|ng diode, and is transmtted through the optical fibre. Therefore,
the light does not leak to the outside at the connection between the |ight
em-tting diode and the optical fibres but is al

specifically, Figs. 19A, 19B, and 19C show the manner of
assembly of tubular body 42, ‘optical fiber 7 and lid 43.
.In this embodiment, the tubular body 42 of Fig. 2 and
first and second support members 4la and 41b of Fig. 2 are
5 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 fiber 7. Further, the 1lid
43 is also protruded, with a little wider width, from the
10 protruding end of optical fiber 7, as the extended
| portions 38a and 38b. By virtue of this structure, the
protruded ends of optical fiber 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
15 the lid 43, even when the self-light-emitting indicating
apparatus falls down.
(Seventh Embodiment)
Fig. 20 is a partial perspective view of the self-
light-emitting indicgtiﬂg apparatus in accordance with a
20 still further embodiment of the present invention. 1In
this embodiment, 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

25 provided inside the tubular body 42.
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‘transmtted to the optical fibres. In British Patent Application No. which
i s.divided out fromthe present application, it is desired to provide a
sel.f-light-emtting indicating apparatus for explicitly indicating a sign
such as fire hydrant sign, which allows use of eX|st|ng fire hydrant sign
or road sign even if the existing signis

As described above, according to various embodiments
of the present invention,.an indicating apparatus is
fabricated by using a small number of light emitting
diodes, acryl optical fibers having tip ends adjacent to

5 the diodes and optical leakage preventing meaﬂs, 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

10 periphery of the sign board by means of the optical
fibers. 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

15 light emitting diode or electroless plating is perfdrmed
on the light emitting diode, optical loss can be
suppressed. | |

Further, as the optical fibers are arranged crossing
with each other and optiéal fibers are subjected to heat

20 treatment, the opticél fibers can be bent at the curvature
of 70d§r<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

25 panels can be narrowed, and the apparatus can be made
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not, provided with light source for illumnation, and which provides
i | ('uiination with a sinple system It is also desired to provide an
i ndi cating apparatus with snaller power consunption, in view of the

di sadvant age

of t he conventional self-light-emtting indicating

apparatus that as increased nunber of light emtting diodes are used,

10

15

20

compact. Further, by the heat treatment, the time
necessary for hardening the epoxy resin used for adhesion
can be reduced.

Further, since an auxiliary plate is attached at a
prescribed distance on the holding plate for attaching the
optical fibers, 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 ﬁo be little
protruded from one end of the optical fiber protruding
from the through hole of the support member, the tip end
of the optical fiber may not be damaged even when the
self-light-emitting indicating apparatus falls down.

In the self-light-emitting indicating apparatus iﬁ
accordance with a further embodiment, since a'draining
hole is provided at a lower portion of the enclosure of
the self-light-emitting indicating apparatus, rain drops
or the like do not gather. |

Further, by making ibng 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.

—_________________
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current consunption is increased, solar cells and storage batteries having
| ar.ge capacity become necessary, the overall cost is increased and as a
result, it is not econom cal or practical. It is also desired to protect
outdoor sign boards, road signs, fire hydrant signs and so on which are

exposed to severe CondihEQEEgSwﬁﬁéﬁhggé@iﬁégdthe 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 .
5 variation without departure from 'tﬁe scope of the

invention as determined by the appended claims.

-40~-
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snow, heavy rain, high tenperatufe hi gh noi sture or extrenely | ow

terperature. In addition it is desired to faC|I|t%ﬂfrewthaﬁge—ﬁ+—a—battery

HE La prevent therl of parts sueh &s @ LT e
% [ L M S * .

CLAIMS

1. An optical leakage preventing apparatus used for
connection between an optical fiber and a light emitting
diode, comprising:

a holder formed of a synthetic resin inclﬁding a

5 light reflecting member on an.inner peripheral surface of
a through hole;

a plurality of optical fiber bundles adhered and
fixed by an adhesive in said through hole; and

a lignt emitting diode inserted and fixed in said

10 through hole at a position opposing to, and spaced apart
by a sma1l distance for light diffusion from, edges of the

optical fiber bundles inserted and fixed in said through

hole.

2. The optical leakage preventing apparatus
15 according to claim 1, wherein

said light reflecting member is electroless plating.

3. The optical leakage preventing apparatus
according to claim 1, wherein
said light reflecting member is a reflective sheet
20 inserted onto an inner peripheral surface of the through

hole.
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storage battery, in view of the fact that a nickel._cadmumstorage battery
or #he like has its charging performance rapidly degraded after repetitive
char gi ng/ di schargi ng of 400 to 500 tinmes, and ther i!l lﬂ“g“ﬂj r| t he
storage battery is necessary once in every one and Nt

years. Also, it is desired to provide a technique which .

4. The optical leakage preventing apparatus
according to cla;m 1, wherein

said light reflecting member is a metal thin film of
aluminum or the like inserted onto an inner peripheral

S surface of the through hole.

S. An optical leakage preventing apparatus used for
connection between an optical fiber and a light emitting
diode, comprising:

a fiber holder formed of a synthetic resin having at

10 least one through hole;

a plurality of optical fiber bundles inserted and
fixed in said through hole;

a light emitting diode holder formed of ‘a synthetic
resin having at least one through hoie at a position

15 opposing to an edge of the optical fiber bundle inserted
and-fixed in.said through hole of thelfiber holder, and
including a light reflecting member on an inner peripheral
surface of the through hoie;

a llght emlttlng diode inserted and fixed in the

20 through of the light emvttlng diode holder; and

fixing means for clamping the fiber holder and the

light emitting diode holder.

6. The optical leakage preventing apparatus
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can solve the problemthat tip ends of the optical beL§§_LD§ELLEQHLﬂ%;n
t hrough hol es of the,hol ding plate such as the support member or the

are damaged when the self-light-emtting indicati gﬂmﬂﬂﬂ"'ﬂ@'mﬂm’e
attracting attention to the sign of a fire hydrant ns
to fall down. Furthermore, it would be useful to provi‘de®a technique

according to claim 5, comprising
a light reflecting member on an inner peripheral

surface of the through hole of said fiber holder.

7. The optical leakage preventing apparatus
5 according to claim 5 or 6, wherein

said light reflecting member is electroless plating.

8. The optical leakage preventing apparatus
according to claim 5 or 6, wherein
said light reflecting member is a reflective sheet.
10 9. The optical leakage preventing means according to
claim 5, wherein
said light reflecting member is a metal thin pléte of

aluminum or the like.

10. The optical leakage preventing apparatus
15 according to claim 5, wherein
a light interceéting/light refracting packing is
intérposed between said fiber holder and said light

emitting diode holder.

11. The optical leakage preventing apparatus

20 according to claim 5, wherein

-
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for--solving the problemof water gathering in the enclosure of the
self~light-emtting indicating apparatus, causing malfunction. The

LS, et 70 st e s e SNy

formed by conmbining a pair of sem -tubul ar bodi es opposi*ng®t ot

said light emitting diode is fixed by solder on a

copper foil of a printed board.

12. The optical leakage preventing appafatus
according to claim 5, wherein
5 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 optical

fibers.

13. The optical leakage preventing means according
10 to claim 5, wherein

said fixing means includes a bolt and a nut.

14. A self-light-emitting indicating apparatus,
comprising:
(a) an enclosure formed by combi&ing 2 pair of semi-
15 tubular bodies oéposing to each other, each said semi-
tubular body having :;rSL and second support members which
are arranged opposxng to each other and arranged inwards
at both side ends of a semi-tubular bodies;
(b) a first panel fixed on said first support member
20 of the enclosure, haviﬁg a plurality of through holes and
having a sign indicating portion;'

(c) & second panel fixed on said second support

"



each.other having first and second waterproof support 12 nenbers, _
arr-afiged opposing to each other at both ends on the inner side; (b) a first

pa?el fixed on the
AN VNN O

member of said enclosure;
(d) a container portion formed by said enclosure and
said first and second panels;
(e) a plurality of optical fibers contained in said
5 container portion, each having one end inserted and fixed
in each of a plurality of through holes provided in at
least one of said first and second panels;
(f) a light emitting diode contained in the container
portion, arranged adjacent to another end of said
10 plurality of optical fibers which are bundle and cut, and
having optical leakage preventing means; |
(g) a power source for the light emitting diode; and
(h) a fitting means attached to said enclosure or to
said second panel and fixed on the enclosure or the second

15 panel.

15. The self-light-emitting indicating apparatus
acéording to claim 14, wherein
| said leakage preventing means of said light emitting -
diode is electroless.plating performed on a side surface

20 of said light emitting diode.

16. The self-light-emitting indicating apparatus
according to claim 14, wherein

said optical leakage preventing means of said light
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first support menber of the enclosure and having a plurality of through

hol es and having a sign indicating portion; (c) a seeentg—panet—fixed—on the
sqcond support nenber of the enclosure; (d) a contai d by
the enclosure and the first and second panels; (e) a “i] [lhimtﬂ hmrcal
fibres contained in the container portion, each havi

emitting diode includes
a hélder formed of a synthetic resin including a

light reflecting member on an inner peripheral surface of
a through hole, a plurality of optical fiber bundles

5 adhered and fixed by means of an adhesive in the through
hole, and the light emitting diode inserted fixed in the
through hole at a position opposing to and spaced by a
prescribed small distance for light diffusion from, edges
of the optical fiber bundles inserted and fixed in said

10 through hole.

17. The self-light-emitting indicating apparatus
according to claim 14, wherein
said optical leakage preventing means of said light
emitting diode includes
15 a fiber holder formed Qf.a synthetic resin having at
least one through hole; a plurality of optical fiber
bundles inserted and fixed in the through hole; a light
emitting diode holder formed of a synthetic resin having
at least one through'hole provided at a position opposing
20 to edges of the optical fiber bundles inserted and fixed
in said through hole of the fiber holder, and having a
light reflecting member on an inner peripheral surface of
the through hole; a light emitting diode inserted and

fixed in the through hole of the light emitting diode
: —’__—_”_’_’_—_____.“

heet Has Been Reﬁaceu

R



one end inserted and fixed in each of a plurality of thLngh_DQLgi_ng!LQEd
at l.east in the first-or the second panel; (f) a light enitting di ode
contained in the container portion, arranged adj acent to m”mm

the plurality of optical fibres which are bundled and cu , u”ﬂ ﬁman
optical |eakage preventing neans; (g) power supply for .t Gidghtw s

-

holder; and fixing means for clampiné said fiber holder

and the light emitting diode holder.

18. The self-light-emitting indicating apparatus
according to claim 14, wherein
5 said power source is a solar cell mounted on a solar
cell holder provided on said enclosure or on said second

panel.

19. A self-light-emitting indicating apparatus
according to claim 14, further comprising
10 a detachment hole provided at said second panel for
exchanging a storage battery contained in said container
portion, wherein said fitting means is positioned opposing

to said detachment hole.

20. The self-light-emitting indicating apparatus
15  according to claim 14, wherein
a storage battery and a circuit for flickering are

contained in said contaxner portion.

21. A self-light-emitting indicating apparatus, used
for attracting attention to a sign, comprising:
20 (a2a) an enclosure having first and second support

members arranged at opposing ends of a tubular body and
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em tting diode;
second pane

and (h) a netal fitting attached to the enclosure or to the

and fixed on the enclosure or the second panel. The

self-!lght em tting apparatus of the above divisional application can also
be-said to include (a) an enclosure provided with nmutually opposing first
an second support menbers arranged at both ends of a

10

15

20

having a plurality of through holes;

(b) a recessed container portion formed by said
enclosure and said first and second support members;

(c) a plurality of optical fibers contained in said
recessed container portion and each having one end
inserted and fixed in each of said plurality of through
holes of at least one of said first and second support
members;

(d) a light emitting diode contained in said recessed
container portion, arranged adjacent to the other end of
said fiber and having optical leakage preventing means;

(e) a power source for the light emitting diode;

(£) a lid for covering said recessed container
portion; and

(g) .a fitting means attached on said lid or said

enclosure for fixing said lid or said enclosure.

22. The self-light-emitting indicating apparatus
according to claim 21, wherein

the optical leakage preventing means of said light
emitting diode is electroless plating performed on a

covered side surface of said diode.

23. The self-light-emitting indicating apparatus

according to claim 21, wherein

\\\\\\\\m\\n\\\\‘ifﬁif “



tubul ar body and having a plurality of through holes; (b) a container

porti.on defined by the enclosure and the first and second~suppe#%-nenbeLsr___

(c) aplurality 13
i | M

said optical leakage preventing means of said light
emittingldiode includes
a holder formed of a synthetic resin having a light
reflecting member on an inner peripheral surface of a
5 through hole; a plurality of optical fiber bundles adhered
and fixed by an adhesive in said through hole; and a light
emitting diode inserted and fixed in said through hoie.at
a position opposing to and spaced apart by a prescribed
'small distance for iight diffusion from, edges of the
10 optical fiber bundles inserted and fixed in said through

hole.

24 The selfflight—emitting indicating apparatus
according to claim 21, wherein
said optical leakage preventing means of said light
15 'emitting diode includes
a fiber holder formed of a synthétic resinlhaving at
least one through hole; a plurality of optical fiber
bundles inserted and fixed in the through hole; a light
emitting diode holderhformed of a synthetic resin having
20 at least one through hole at a position opposing to edges
of the optical fiber bundles inserted and fixed in said
through hole of the fiber holder, and having a light
reflecting member on an inner peripheral surface of the

through hole; a light emitting diode inserted and fixed in
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of optical fibres contained in the container portion each having one end
inserted and fixed in each of a plurality of through hol es of at | east one

of, the first and second support menbers; (d) a light em Hllmmmmnﬁmuum
contained in the container portion, arranged adj acent to
the optical fibres and having an optical |eakage preventlng freans;" (e) a

the through hole of said light emitting diode holder; and
fixing means for clamping said fiber holder and said

light emitting diode holder.

25. The self-light-emitting indicating apparatus to
5 claim 15, wherein

said power source is a solar cell mounted on a solar
cell holder holder provided on said lid or on a support

member.

26. The self-light-emitting apparatus according to
10 claim 21, wherein
~a storage battery and a circuit for flickering are

contained in said solar cell holder.

27. The self-light-emitting indicating apparatus
according to claim 21, wherein ,
15 said lid or said enclosure is detachably attached to
an attachment érm of an exiting fire hydrant sign board by

means of said fitting'means.

28. The self-light-emitting indicating apparatus
according to claim 14 or 21, wherein
20 the optical fiber is bent at a curvature of

70dgr<100d, by means of heat treatment, where d represents
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power source for the light emtting diode; (f) a lid covering the container
porti-on; and (g) a netal '

fixing the lid or the enclosure. Self-light-emtting i
of -t he above divisional application, by the conbinatio ﬁﬂ%" ﬂi“ﬂi
of light emtting diodes and optical

diameter of said optical fiber and r represents radius of

curvature of the optical fiber.

29. A self-light-emitting indicating apparatus,
comprising:

5 (2) first and second holding plates having a
plurality of through holes and arranged opposing to each
other with a prescribed distance therebetween;

(b) first optical fibers arranged approximately
parallel along and near an inner surface of said first
10 holding plate, bent at a prescribed curvature and each
having one end inserted to one of the through holes of
said second holding plate;
(c) second optical fibers arranged approximately
parallel along and near an inner surface of said second
15 holding plate, arranged crossing said first optical
fibers, bent at a prescribed curvaturé and each having one
end inserted to one of the through holes of said first
holding plate;
(d) a light emiéiing diode arranged adjacent to the
20 other end of each of said first and second optical fibers;
and

(e) a power source for the light emitting diode.

30. The self-light-emitting indicating apparatus
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fibres arranged adjacent thereto, Ilght points of Iight having nearly
nmonoehr omati ¢ wavel ength can be provided in w der space wth Iarge
intervals along the periphery of the sign board. Therefore, the position—of

the-fire hydrant sign, for exanple, can be clearly indi ld
when the light points are flickered, and the effect of-:ﬂn "ﬂﬁﬁﬂﬂ =m"ch
* c L M s *

according to claim 29, wherein
said light emitting diode is provided with an optical
leakage preventing apparatus for connection between an
optical fiber and a light emitting diode, including a
5 holder formed of a synthetic resin and having a light
reflecting member on an inner peripheral surface of a
through hole, a plurality of optical fiber bundles adhered
and fixed in the through hole by an adhesive, and a light
emitting diode inserted and fixed in the through hole at a
10 position opposing to and spaced by a prescribed small
distance for light diffusion from, edges of the optical

fiber bundles inserted and fixed in said through hole.

31. The self-light-emitting indicating apparatus

according to claim 29, wherein

15 said light emitting diode is provided with an optical
leakage preventing apparatus for connéction between an
optical fiber and a light emitting diode, including a
fiber holder formed of a synthetic resin having at least
one through hole, a ﬁiurality of optical fiber bundles

20 inserted and fixed in the through hole; a light emitting
diode holder formed of a synthetic resin having at least
one through hole at a position opposing to edges of the
optical fiber bundles inserted and fixed in the through

hole, and having a light reflecting member on an inner
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i npr.oved. In an enbodi ment of the self-light-emtting indicating
appat-at us of the above di vi si onal application

T theopttcal—teakage
preventlng means of the light emtting diode is inple
TR

peripheral surface of the through hole, a light emitting
diode inserted and fixed in the through hole of said light
emitting diode holder, and fixing means for clamping the

fiber holdef and the light emitting diode holder.

5 32. A self-light-emitting indicating apparatus,
comprising: |

(a) a holding plates having a plurality of through
holes;

(b) an optical fiber having one end inserted to the

10 through hole of said holding plate;

(c) an adhesive applied around the through hole to
which said optical fiber is inserted at an inner surface
of said holding plate and around a periphery of said
optical fiber, for adhering and fixing the optical fiber

15 on said-holding plate;

(d) a light emitting diode arranéed adjacent to the
other end of said optical fiber; ard

(e) a power source for the light emitting diode;
wherein “

20 said optical fiber is bent at a prescribed curvature
by an external pressure at a prescribed position from one
end of said optical fiber fixed on said holding plate, and
the portion of the optical fiber bent by said external

pressure is heated for a prescribed time period so that
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14 described optical |eakage preventing apparatus with a reflective surface

prOV|ded on the inner periphery of the diode holder or—fn#iﬂ+4ﬁ4ﬂuiuﬂ4£$i_

platlng effected on a coated side surface of the

10

15

20

ik

" T o

stress caused by bending strain at the bent portion by

said external pressure is reduced.

33. The self-light-emitting indicating apparatus
according to claim 32, wherein

said light emitting diode is provided with an optical
leakage preventing appafatus for connection between an
optical fiber and a light emitting diode, including a
holder formed of a synthetic resin having a light
reflecting member on an inner surface of a through hole, a
plurality of optical fiber bundles adhered and fixed by an
adhesive in the through hole, and a light emitting diode
inserted and fixed in the through hole at a poéition
opposing to and spaced by a prescribed small distance for
light diffusion from, edges of the optical fiber bundles

inserted and fixed in.said through hole.

34. The self-light-emitting indicating apparatus
according to claim 32, wherein

said light emitfing diode is provided with an optical
leakage preventing apparatus for connection between an
optical fiber and a light emitting diode, including a
fiber holder formed of a synthetic resin having at least
one through hole, a plurality of optical fiber bundles

inserted and fixed in said through hole, a light emittihg
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I n another enbodi ment of the self-light-emtting indicating apparatus
of ..-*the above di vi sional application, the power s sol ar cel
atIached on a solar cell holder provided on the enclosrﬂﬁﬂjmwon t he second

panel . Alternatively, the power supply can be a solar

sol ar cel

10

15

20

hol der provided on the lid or the support ne

Ly

diode holder formed of a synthetic resin having at least
one through hole provided at a position opposing to edges
of the optical fiber bundles inserted and fixed in said
through hole of the fiber holder and having a light
reflecting member on an inner peripheral surface of the
through hole, a light emitting diode inserted and fixed in
the through hole of said light emitting diode holder, and
fixing means for clamping said fiber holder and said lighf

emitting diode holder.

35. A self-light-emitting indicating apparatus,
comprising:

(a) a holding plate having a plurality of through
holes;

(b) optical fibers each bent at a prescribed
curvature at a prescribed position from one end by heating
and maintaining at a heated temperatuée for a prescribed
time period, and having one end inserted to one of the
through holes of said holding plate;

(c) a light emiéfing diode arranged adjacent to the
other end of said optical fiber; and

(d) a power source for the light emitting diode.

36. The self-light-emitting indicating apparatus.

according to claim 35, wherein
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In the self-light-emtting indicating apparatus in accordance wth anot her
enbodi ment of the above divisional application, at IeasL_gne_gL_an_exLended

portion of the tubular body and the lid is set to be li rotruded from
one edge of the optical fibres protruding fromthe thr “ﬁl“ Il I” l
support nenber. By virtue of this structure, the tip e i

said light emitting diode is pro&ided with an optical

leakage preventing apparatus for connéction between an
optical fiber and a light emitting diode, including a
holder formed of a synthetic resin having a light

5 reflecting member on an inner peripheral surface of.a
through hole, a plurality of optical fiber bundles adhered
and fixed by_an adhesive in the through hole, and a light
emitting diode inserted and fixed in the through hole at a
position opposing to and spaced by a prescribed small

10 distance for light diffusion from, edges of the optic#l

fiber bundles inserted and fixed in said through hole.

37. The self-light-emitting indicating apparatus
~according to claim 35, wherein
said light emitting diode is provided with an optical
15 leakage preventing apparatus for connection between an
optical fiber and a light emitting diéde, including a
fiber holder formed of a synthetic resin h;ving at least
through hole, a plurali;j of optical fiber bundles
inserted and fixed iﬂ the through hole, a light emitting
20 diode holder formed of a synthetic resin having at least
one through hole at a position opposing to edges of the
optical fiber bundles inserted and fixed in said through
hole of the fiber holder, and having a light reflecting'

member on an inner peripheral surface of the through hole,

___~\_______‘__‘-‘_
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the optical fibres will not be damaged even when the self-light-emtting
appar:at us happens to fall down. In addition,-preferably—a_drainina hole is

provi ded at a | ower portion of t he encl osure

ol ot em a1 h0” e oo, "ot afus, ™ 8 o LA

a light emitting diode inserted and fixed in the through
hole of the light emitting diode holder, and fixing means
for clamping said fiber holder and said light emitting

diode holder.

5 38. A self-light-emitting indicating apparatus,
comprising:

(a) a holding plate having an auxiliary plate
attached at a prescribed distance from or attached in
direct contactwith the hblding plate, said holding plate

10 and said auxiliary plate both providéd with a plurality of
through holes;

(b) optical fibers each having one end inserted to
one of the through hole of said holding plate;

(c) a light emiﬁting diode arranged adjacent to the

15 other end of said optical fiber; and
(d) a power source for the light ;mitting diode;
wherein
"D 2 4d
where D represents di;tance from an outer surface of the
20 holding plate to outer surface of the auxiliary plate, and

d represents diameter of the optical fiber.

39. The self-light-emitting indicating apparatus

according to claim 38, wherein
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15.whi ch has al so been divided out of the present application, it is
desi-red to provide a technique which allows increase in curvatu

opti cal

10

15

20

R

said light emitting diode is provided with an optical
leakage preventing apparatus for connection between an
optical fiber and a light emitting diode, including a
holder formed of a synthetic resin having a light
reflecting member on an inner peripheral surface of a
through hole, a plurality of optical fiber bundles adhered
and fixed by an adhesive in the through hole, and a light
emitting diode inserted and fixed in said through hole at
a position opposing to and spaced by a prescribed small
distance for light diffusion from, edges of the optical

fiber bundles inserted and fixed in said through hole.

40. The self-light-emitting indicating apparatus
according to claim 38,.wherein

said light emitting diode is provided with an optical
leakage preventing apparatus for connection between an
optical fiber and a light emitting diéde, including a
fiber holder formed of a synthetic resin having at least
one through hole, a pluraiity of optical fiber bundles
inserted and fixed iﬁ.said through hole, a light emitting
diode holder formed of a synthetic resin having at least
one through hole at a position opposing to edges of
optical fiber bundles inserted and fixed in said through
holeof the fiber holder, and having a light reflecting

member at an inner peripheral surface of the through hole,

Sheet Has Been Releaced -58-

A



fihre wthout

addifion, it is also desired when hol ding pl ates suc

decr easi ng efficiency I n light transm ssion. In
t

menbers hol ding the optical fibres are placed opp05|ng rto
hotd the optical fibres with their inner surfaces, I"ﬁa

space between these two hol di ng

10

15

20

a light emitting diode inserted and fixed in the through
hole of said light emitting diode holder, and fixing means
for clamping said fiber holder and said light emitting

diode holder.

4l. The self-light-emitting indicating apparatus
according to claim 38, wherein

said auxiliary plate has approximately the same
thermal expansion coefficient as that of said holding

plate.

42. The self-light-emitting indicating apparatus
according to claim 21, wherein |
| at least one of a portion extended from said tubular
body and said lid is set to be little protruded from one
end of the optical fiber protruded from the through hole

of said support member.

43. The self-light-emitting indicating apparatus
according to claim 14, wherein
a draining hole is provided at a lower portion of

sald enclosure.

44. The self-light-emitting indicating apparatus

-
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plates to be less than a prescribed distance while not generating internal
stress in the optical fibres and not degrading effici encil“lunmwmmmln III1
Ilght even when the optical fibres are bent to a certai oy e
nore, so as to t structure of the self-light-émttithg® *
i ndi cati ng apparzths %55% f< ?bﬂt££h1Y??ﬁ§ ndi cati ng appar at us

a draining hole is provided at a lower portion of

said enclosure.

45. A coupling device for optically coupling

5 together a light source with at least one optical
fiber, said device comprising a body having first and

second opposed ends for connection to said light

source and said at least one optical fiber
respec#ively, a light transmitting passage between

10 said first and second ends for transmitting light
therebetween, and a 1light reflecting means for
preventing leakage of light passing from said first

end to said second end.

46. A method of optically coupling together a

15 light source with at least one optical fiber, said
method comprising:

providing a coupling device.'having first and

second opposed ends;

p—

providing a light transmitting passage between

20 said first and second ends for transmitting 1light
therebetween;

providing light reflecting means associated with

said coupling device for preventinglleakage of light

passing from said first end to said second end; and
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whieh is the subject of the |ast nentioned divisional
(ay -First and second hol ding plates having a pluralit

L Illmlllﬂl

INIILSdSﬁd

arranged opposing to each other with a prescribed dist'anc¢e; t )s  Airst

opti cal fibres

arranged approxinmately parallel to and near an I nner

surface of the first hol dongeptitng, shédt liightt espreser abddsaid at least

15

20

one optical fiber to said first and second ends

respectively.

47. An illumination apparatus for illuminating
a éign, said apparatus comprising: a light source for
providing light to illuminate at least one portion of
said sign; at least one optical fiber for transmitting
light from said source to said at least one portion of
said sign, an optical coupling device, said device
optically coupling together said light source and said
at least one optical fiber; ana light reflecting means
associated with said coupling device or the 1light

source for preventing leakage of light from therein.

48. A method of illuminating a sign, said method
comprising:

providing light from a light source to illuminate
at least one portion of said sign;

providing at least one optical fiber for
transmitting light from said source to said at least
one portion of said éigh; optically coupling together
said light source and said at least one optical fiber
by way of an optical coupling device; and

preventing 1leakage of said 1light from said

coupling device by providing light reflecting means

_61_
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curvature and having one end inserted to respective of the
second hol ding plate; (c) second 16 optical fi breg H ﬁ”im”"

approximately parallel to and
associated with said coupling device or the 1light

source.

49. An apparatus, device or method substantially
as herein described with reference to the accompanying

5 drawings.

- 6 2 -
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near~an i nner surface of the second holding plate and crossing the first
optical fibres, bent with a prescribed curvature and each havi ng one end
i nserted to respective through holes of the first holding plate; (d) a
I'ight em tting di ode arranged adjacent to the other end of each of the
first and second optical fibres; and (e) a power supply for the I|.ight
emtting

ABSTRACT OF THE DISCLOSURE
A self-light-emitting indicating apparatus includes

an enclosure formed by combining a pair of opposing semi-
‘tubular bodies, each having first and second support

5 members positioned at both ends; first and second panels
fixed on the first and second support members
respectively, at least one of the first and second panels
having a plurality of through holes and or having a sign
indicating portion; a plurality of optical fibers

10 contained in a container portion defined by the enclosure
and the first and second panels, each having one end
inserted and fixed in one of the plurality of through
holes provided in at least one of the first and second
panels, and a light emitting diode contained in the

15 container portion, arranged adjacent to the other end of
the plurality of optical fibers which are bundled and cut,
and having an optical leakage preventing means. By this
structure, when the light from the light emitting diode is
to be transmitted to the adjacent number of optical

20 fibers, optical loss.can be suppressed by the optical
leakage preventing means, and in addition, light points at
the rear ends of the optical fibers can be arranged along
the periphery of the existing sign board, so that
existenée of a fire hydrant or the like is made readily.

25 visible.
________________~___
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Fig. 1.



di ode. In addition, when holding plates such as panels or support nenbers
hol ding the optical fibres are placed opposing to each other and the
"aptical fibre is held by both holding plates at the inner surfaces of the
hol ding pl ates, optical fibres are bent at a certain curvature and opti cal
- .fibres held by the
1%
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hol di ng pl ates are crossed, in a range not damagi ng nmechani cal
cHaracteristics and not degrading optical characteristics of the optical
fibres (acryl) such as the light transmttance or the refractive index, so
as to nmake narrower the space between the holding plates. Further, in order
to increase curvature of bending the optical fibre, heat treatnment can be

effected to 21’

FIG. 2
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prevent degradation of the light transmttance and the refractive index and
t o -prievent dammge to the nmechani cal characteristics, of the optical fibre.
The self-light-emtting indicating apparatus of

JINE

FIG. 3
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17 .the last mentioned divisional application could be said to i ncl ude (a) a
hol'di'ng plate having a plurality of through holes; (b) optical fibres each
havi ng one end inserted to the through hole of the holding plate; (c) an
adhesi ve applied around the through hole to which the optical fibre is
inserted at the inner HJIQ(/

FIG. 4

° 42b
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sur.f.ace 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

li.ght emtting diode arranged adjacent to the other end of the optical

fibre;

and (e) a power supply for the light emtting diode;

in which the

optical fibre is bent wwth a prescribed curvature by external pressure

S’/it{
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at a-prescribed position fromone end of the optical fibre fixed on
hol ding plate, and the portion bent by the external pressure of the
fibre is heated for a prescribed time period so as to reduce stress
by bending strain at the bent portion by the external pressure. The
self-light-emtting indicating apparatus of -

/iy

FIG. 6
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an empodi nent of the last nentioned divisional application includes (a) a
hol di-ng plate having a plurality of through holes; (b) optical fibres each
havi ng one end inserted to the through hole of the holding plate and bent

wi'th a prescribed curvature at a prescribed position fromone end by

heating and
x1it'd

FIG. 7
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18 kéeping at the heated tenperature for a prescribed tine period; (c)
light enmitting diode arranged adjacent to the other end of the optical
fi.ore; and (d) a power supply for the light emtting diode.

)i

FIG. 8
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I'n_an enbodi ment of the self-light-emtting indicating apparatus of the

| ast -hent i oned di vi si onal application the optical fibre is preferably bent
wiith the curvature of 70[err]<l O0d by neans of heat treatment, where d
represents the dianeter of the optical fibre and r represents the radius of
curvature of the, optical fibre. In addition, the apparatus, includes

qlig”

FIG. 10
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(a) a holding plate having an auxiliary plate arranged spaced by a
presetribed distance fromor arranged directly in contact with the hol ding
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

t hrough hole of the holding plate; (c) a light emtting di ode arranged
adj acent to

1o [1%”

7

FIG. 11
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the qt her end of the optical fibre; and (d) a power supply for the Iight
emtting diode; in which the relation Dlerr]4d holds, where d represents
di stance fromouter surface of the holding plate to outer surface of the
auxiliary plate, and d represents the dianeter of the optical fibre.
Preferably the auxiliary plate has approxi mm:#l;yb/i he same coefficient
of thernal

FIG. 12

This Sheet Has Been Reﬂ

 (NIWALD




expansion as that of the holding plate. 19 The above and further
f-eatures of the present invention are set forth in the appended clainms and,

ITd
F1G. 13A F1G.13B
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together with the advantages thereof, should becone clear from

consi deration of the followi ng detail ed description of several exenplary
enbodi nents of the invention which are givem % ikgTeference to the
acconpanyi ng drawi ngs. BRI EF DESCRI PTION OF THE DRAWNGS Fig. 1 is a

per§pect_i ve View Shop_[l TgGa]AA F-' I G ]AB
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self-1ight-emtting indicating apparatus for a guide sign incorporating an
optlcal | eakage prevention apparatus enbodying the present invention; Fig.
2 |s a perspective view showi ng internal shﬁgpgdre of the
self-light-emtting indicating apparatus shown in Fig. 1; Fig. 3 shows an
existing fire hydrant sign to '

FIG. 17A

I T

u
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which the self-light-emtting indicating apparatus of Fig. 1 is attached,
Fig~>4 is a perspective view of another self-light-enitting

i ndi cating apparatus incorporating an optical |eakage prevention device
enbodyi ng the present invention; Fig. 5 S a perspective view of

t he
l?/lt/
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self-light-emtting indicating apparatus shown in Fig. 4, cut along the

limeX-X; Fig. 6 is a cross section taken along the line X- 20
IQ[L%(/
FIG. 19A
?3
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/

X of-the self-light-emtting indicating apparatus shown in-Fig. 4, Fig. 7
I sfan expl oded perspective view at the tinme of assenbly of the
self-light-emtting indicating apparatus shown in Fig. 4, Fig. 8 is an
expl oded perspective view of the netal fiH’pq/shown in Fig. 7;

FI1G. 20
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Fig:.9 is a partially expl oded perspective view of an optical |eakage
prevent| ng apparatus for connection for a light emtting di ode enmbodying

t h&-present invention; Fig. 10 is a partially expl oded perspective view of
one rodification of the optical |eakage preventing apparatus enbodying the

present invention; ' 'l%/}l {

/ 52a  52b

51a

42b
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Fig. 11 is a graph showing how the light is diffused using the optical
| eakage prevention apparatus of Figs. 9 and 1@““FkHv¥;;%ﬁ%.,ws,%lyéhb.
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IMPROYEMENTS RELATING TO SIGN ILLUMINATION

BACKGROUND OF THE INVENTION
Field of the Invention

The present invention relates to an optical leakage
preventing apéaratus for connection-between an opﬁical
fibe; and a light emitting diode, and to a self light-
emitting indicating apparatus using the same. More
spécifically, 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 ﬁibef and the light emitting.diode.
The self-light-emitting indicating'apéaratus relates to an
apparatus using a light emitting diode as a light souxce,
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

nigue for making thinner the structure of the seli-

,
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view and a perspective view, respectively, of another optical |eakage
preventing apparatus enbodyi ng the present invention; Figs. 14A and 14B are
a front—view and a perspective view of a further optlcal | eakage

N

iiiiiic . e

19 SEP 1996

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 operatién, whether - the
initial operation can be started quickly or not is of
crifical 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
npt sufficient, it ié often the case that even when a fire
hydrant could be found quickly, there is a car parked on
the hydrant. Therefpre,.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 Baquround Art

Conventionally, in most cases, sign of a fire hydrant

is not provided with any illumination at all, and



21 preventing apparatus enbodying the present invention; Fig. 15 shows one
nodi fi cation of the optical ‘| eakage preventing apparatus_of,ﬁ;gsm» 4A and
14B; Fig. 16 shows anot her nodification of the o] ¢ immerz1 e b
apparatus of Figs. 14A and 14B; :

theiefore it is difficult for the fire fightexrs 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 oxr 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 proﬁlem, Japanese Patent
Laying-Open No. 63-295699 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.
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Fig. 17A shows a concept of another nodification of the optical |eakage
preventing apparatus of Figs. 14A and 14B, and Fig. 17B shows said

nodi fication of the apparatus; Fig. 18 shows a power source circuit of the
self-light-emtting indicating apparatus of FigﬁﬁptAw_, |

- 4 -
19 SEP 1996

When the edges of the plurality of optical fiber bundles
are directly brought into contact with an end surface of
the light emitﬁing diodé so as to suppress optical loss as
much as possible, the edges of the optical fiber bundles
abut the end surféce 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 coﬁntermeasures
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
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Fig. 19 is a partial cross section of another self-light-emtting
I ndicat+nag—apparatus——Fig. 20 is a partial perspective view of a further

sel f-1j.

persp
Fig. 4.

t-emiti | ndi cating apparatus; and Fi ¢. pdd=bsg—af-exni
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T 19 SEP 996 | |

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
impiemented 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 1lW) is taken into account.
Thus, if the number 6f 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 ﬁhis 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



with reference to several seIf{Iight-enitting ind'cifrng”ﬁﬁﬁﬁTﬁf'
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to the curvature of bending the optical fiber, since the
optical fiber encounters internal stress and the
efficiency in fransmitting 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 héppens to fall down, tip ends of the optical fibers
inserted to the through holes of the ﬁolding 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-emittiné
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

An object of the present invention is to provide a
self-light-emitting indicating apparatus for explicitly
indicating a sign such as fire hydrant sign, which allows

-_—
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22 holder 2 on which a solar cell nodule 1 is fixed is attached above first
and second support nenbers 4la and 41b having outer dianeter of. 674nn1by

s St o B REPLACEMENT SHEE
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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.

Another object of the present invention is to reduce
leakage loss at a connection between a light emitting
diode and an optical fiber, which was experienced in the
prior art, so as to reduce power consumption loss.

Another object of the present invention is 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 economica% or practical.

A still further object of the present ihvention is,
when holding plates such as panels or support members
holding the optical fiber are placed opposing to each
other to hold the optical fiber 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 fiber and not
degrading efficiency in transmitting light, even when the

optical fiber is bent to a certain curvature or more, SO



body 3>~Ithggﬂ‘ﬂ?g§§\2Lihrough which optical fibers forned of acryl
protrude are provi the first and second support nenbers 41a and 41b.
I n the'%hm&ummlﬁ% s 5, atotal of 102 optical fi R; , A

of 0. 75 edprotrudlng by 2nmfromth

support d 41b and fixed by an epoxy|r ¢si n at thesup rt

menber s th the interval - g - ] 19 SEP %

as to make compact the structure of the self-light-
emitting Lndlcatlng apparatus.

A still further object of the present invention is 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.

~ A still further object of the present invention is 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. -

A still further ‘object of the pgesent invention is to
provide a technique which allows increase in curvature of
the optical fiber without decreasihg efficiency in light
transmission.

A furtﬂer object of the present invention is to
provide a technique which can solve the problem that tip
ends of the optical fibers inserted into through holes of
the holding plate such as the support member or the panel
are damaged when the self-light-emitting indicaﬁing

apparatus for attracting attention to the sign of a fire



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 bg M...an ABS

resin aig she HdBedniReglacednd second support menbers ff"ll:rw:_ i ght
emtti nanmﬂm mm/ﬁ“g t he di ameter of 10mm) 8a, %;ﬁ; e 'U?F Fﬁm bers 7,
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hydrant or the like happens to fall down.

A stili further object of the present invention is to
provide a technique for solving the problem of water
gathering in the enclosure of the self-light-emitting
indicating apparatus, causing malfunction.

According to one aspect, the optical leakage
preventing apparatus used for conneééion between a liéht
emitting diode and an optical fiber of the present
invention includes a holder formed of a synthetic resin
having a through hole, on inner peripheral surface of
which a light reflecting member is provided by electroless
plating or by means of a reflective sheet; a plurality of
optical fiber bundles adhered and fixed by means of an
adhesive in the through hole of the holder; and a light
emitting diode inserted and fixed in the through hole at a
position opposing to the optical fibgr bundles with a
prescribed small space for diffusion of light, inserted
and fixed in the through hole. .

According to the another aspect, the optical leakage
preventing.apparatus of the present invention includes a
fiber holder of a synthetic resin having a plurality of
through holes; a plurality of optical fiber fundles
inserted and fixed in the through holes of the holder; a
diode holder of a synthetic resin having a plurality of

through holes, the inner peripherél surface of which



contai ned. At a peripheral portion of support nenbers 4la and 41b, arm
attachnment fittings 6 are fixed, by which arnlattachnent ththaq 6, the
apparatus can be attached on attachment arms 1 TR
existing fire hydrant sign board 10.

- 10 -

through hole is provided with a light reflecting member in
the form of electroless plating, reflective sheet, or a
metal thin film of alminium; a light emitting diode
inserted and fixed in the through hole of the light
emitting diode holder; and fixing means for clamping the
fiber holder and the light emitting diode holder.

In a preferred embodiment of the optical leakage
preventing apparatus of the present invention, the optical
leakage preventing apparatus described above further
includes a light intercepting light reflecting pécking
interposed between the optical fiber holder and the light
emitting diode holder.

Since the optical leakage preventing apparatus used

~for connection between the light emitting diode and the
optical fiber of the present invention described above is
provided with light reflecting membeg such as electroless
plating, reflective sheet, or a metal thin film.of
alminium, on the inner peripheral surface of the through
hole of the holder fprméd of synthetic resin or has light
reflecting'ﬁember of 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, or reflected to the direction of the optical
fiber by the electroless plating on the side surface of

the light emitting diode, and is transmitted through the

s.Sheet Has Been Reﬂlaced
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23 Fig. 2 is a perspective viewillustrating the inside of the apparatus
showi ng the support nembers 4la-and 41b covered by a band shaped |id 43.
Here, trailing edge of optical fiber 7 may be protsiicas. ~-de, of the
outer wall fromthe side of REPLA By

- 11 - . 19 SEP 1996

optical fiber. Therefore, the light does not leak to the
_ outside at the connection between the light emitting diode
and the optical fiber but all transmitted in the optical
fiber. According to one aspect, the self-light-emitting
indicating apparatué of the present invention includes (a)
an enclosure formed by combining a pair of semi-tubular
bodies opposing to each other having.first and second
waterproof-support 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 pluralitz of optical fibers contained in the
container portion, each having one eqd inserted and fixed
in each of 5 plurality of through holes provided at least
in the first or the second panel;'(f) a light emitting
diode contained in tpe container portion, arranged
adjacent to.the other ends.of the plurality of optical
fibers 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.
Th:s Sheet Has Been R
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the inner wall of the internal tubular body 42 for flickering. Further, the
arrangenent of the tubular body 42 and the lid 43 may be reversed so t hat

t he tubul ar body 42 faces outmard and the |id 43.faces—i-RWast—ii-

i ncl udes
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According to still aﬂother aspect, the self-light-
emitting apparatus of the present invention includes (a)
an enclosure provided with mutually opposing first and
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 member;; (c) a plurality of optical
fibers contained in the container portioﬁ 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 fibers and having an optical leakage
preventing means; (e) a power source for the light
emitting diode; (f) a lid covering the container poftion;
and (g) a metal fitting'attached to ;he_lid or the
enclosure for fixing the lid or the enélosure.

Self-light-emitting indicating apparatus of the
present invention, by the combination of a small number of
light emitting diodes and optical fibers 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



11a, 11b and 11c fixed by wel ding on the ring shappé~partion 12a, and a
sign board 10 of iron having the thickness of abouRRAE ﬂxw ':T’i

attachment arms 11a, 11b-and 11c by neans of boltg
shaped light emtting body for indication is atta-hT
in the follow ng manner. Nanely, referring to Fig,
fittings 6 of - 13 - ;

As, L

light points are flickered, and the effect of guiding can
be much improved.

‘ In a preferred embodiment of the self-light-emitting
indicating apparatus of the present invention, the optical -
leakage preventing means of the light émitting diode is
implemented by the above described optiéal leakage
preventing apparatus, or by an electr51ess plating
effected on a coated side surface of the light emitting
diode.

- In another preférred embodiment of the self-light-
emitting indicating apparatus of the present invention,
the power supply is a solar cell attached on a solar cell
holder provided on the enclosure or on the second panel.
| In a still another preferred embodiment of the self- -
light-emitting indicating apparatus of the present
invention, the power supply is a soigr cell attached on a
solar cell holder provided on the lid or the support
member. '

According to a still further aspecﬁ, the self-light-
emitting indicating apparatus of the present invention |
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 fibers
arranged approximately parallel to and near an inner

surface of the first holding plate, bent with a prescribed

i




the ring shaped light emtting body, the ring shaped light emtting body is
pressed against the attachnent arns 1la, 11b and 11c of the existing fire
hydrant sign hoard 10, —and-the body is rotated in one direction (in the
direction of the arrOM/A) and by this S|nple oR Fﬁﬁ’“ ﬂhnent
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with a prescribed curvature and having one end inserted to
respective through holes of the second holding plate; (c)
second optical fibers arranged approximately parallel to
and near an inner surface of the second holding plate and
crossing the first optical fibers, bent with a prescribed
curvature and each having one end inserted to respective
through holes of the first holding pléte; (d) a light
emitting diode arranged adjacent to the oﬁher end of each
of the first and sécond optical fibers; and (e) a power
supply for the light emitting diode.

In the self-light-emitting indicating apparatus in
accordance with still another embodiment of the piesent
invention, when holding plates such as panels or support
members holding the optical fibers are placed opposing to
each other and the optical fiber is held bylboth holding
plates at the inner surfaces of the bolding plates, |
'optical fibers are bent at a certain curvature and optical
fibers.held by the holding plates are crossed, in a range
not damaging mechanical characteristics and not degrading
optical chafacteristics of the optic&l fibers (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 fiber, heat treatment is effected to prevent

degradation of the light transmittance and the refractive



24 attachnment arns 1la, 11b and 11c.” More specifically, in the recessed
portion 6a of the attachnment fittings 6, attacip t—aras- b and 1llc
are fitted, bolts are inserted to attachnent h@dy tt achment

- 15 -
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index and to prevent damage to the mechanical
characteristics, of the optical fiber.

In accordance with a still another aspect, the self-
light-emittiﬁg indicating apparatus of the present
invention includes (a) a holding plate having a plurality
of through holes; (b) optical fibers 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 fiber is inserted at the inner surface of the
holding plate and applied at the periphery of the optical
fiber, so as to adhere and fix the optical fiber on the
holding plate; a light emitting diode arranged adjaﬁent to
the other end of the optical fiber; and (e) a power supply
for the light emitting diode; in which thé optical fiber
is bent with a prescribed curvature by external pressure
at a prescribed éosition from one end of the optical fiber
fixed.on the holding plate, and the portion bent by the
external pressure of the optical fiber is heated for a
prescribed time period so as to reduce stress caused by'
bending strain at the bent portion by the external
pressure.

According to still another aspect, the self-light-
emitﬁing indicating apparatus of an embodiment of the
present invention includes (a) a holding plate having a

plurality of through holes; (b) optical fibers each having

This Sheet Has Been R
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fittings 6 are fixed on attachment arns 1la, 11b and 11c by fastening, by
means of nuts. Accordingly, installnent of the light emtting body on the

ery easy. Since attachment/detachment is so-easy—the

ks : el s 'jttached not only to general S|gnslhgse ut also to .
3|gns at _constr ion sites or the |Iike where conner o PW IS
ot  AAVBBERD - 16 - "l,” u

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 keeping at the heated
temperature for a prescribed time period; (c) a light
enitting diode arranged adjaceﬂt to the other end of the
optical fiber; and (d)'a power supply for the light
emitting diode. h

In a preferred embodiment of the self-light-émitting
indicating apparatus of the present invention, the optical
fiber is bent with the curvature of 705r<100d by means of
heat treatment where d represents the diameter of the |
optical fiber and r represents the radius of curvature of
the optical fiber.

According to a still further aspect, the self-light-
emitting indicating apparatus of the present invention
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 élate; (b) optical fibers 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 fiber; and (d) a power supply for the light
emitting diode; in which the relation D24d holds, where d

represents distance from outer surface of the holdirg



tenporarily or permanently. According to the present enbodi nent, VISIbI|Ity

of the sign-beard-1t0—ean—be—i+fproved by using very rgmo et
mtting dlodes and by arranglng a nunber of |ight ijiM béﬂgﬁgﬁﬁhh'

area at arbit i onal positions by ndarls of optical fi
In order to ve " at night, the inventg 19 SEP 19%%
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plate to outer surface of the auxiliary plate, and d
represents the diameter of the optical fiber.

In still another embodiment of the present invention,
in the self-light-emitting indicating apparatus, the
auxiliary plate has approximately the same coefficient of
thermal expansion as that of the holding plate.

In the self-light—eﬁittiné indicating apparadtus in
accordance with a still another embodiment of the present
invention, 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 fiber protruding from the
through hole of the support member. By virtue of this
structure, the tip end of the optical fiber will not be
damaged even when the self-light-emitting apparatus’
happens to fall down.

In the self-light-emitting indicating apparatus in
accordance with a still further embodiment of the present
invention, a draining hole is proéided at a lower portion
of the enclosure of the self-light-emitting indicating
apparatus, and therefore water, such as rain drops, does
not gather.

The above and further features of the present invention
are set forth in thé appended claims and, together with the
advantages thereof, should become clear frém consideration
of the following detailed description of several exemplary

embodiments of the invention which are given with



performed an experinment in which the dianeter of the optical fiber, the
I nterval for arrangenent of the optical fibers, current consunption of the
| i ght enmitting diodes were changed variously, and_|unminance fromthe

di st ance of, .l Q0m compared at night. As a resdpiop ironesPiered!
using two ﬁp o G a?ﬁdes havi ng the dianetgiy RN SRR
flickering 4 I“ ||1 - 18 - _ N o

DR, e,

reference to the accompanying drawings.
BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a perspective view showing a self-light-
emittihg indicating apparatus for a guide sign in
accordance with a first embodiment of 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-Iight-eﬁitting indicating apparatus of Fig. 1 is
attached.

Fig. 4 is a perspective view of the self-light-
emitting indicating apparatus in accordance with ‘a second-
embodiment of 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 gection taken along the line X-X of
the self-lféht—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



25 points arranged in the manner as descri bed above, the | um nance was
sufficient and the indication was visible enough. According to the
condi tions for arrangenent
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fitting of the self-light-emitting indicating apparatus of
the present invention.

Fig. 9 is a partially exploded perspective view of an
optical leakage preventing apparatus for connection for a
light emitting diode in accordance with a third embodiment
of the presént invention.

Fig. 10 is a partially explbdedzperspective view of
one modification of the optical leakage preventing
apparatus in accordance with the third embodiment of the
present invention.

Fig. 11 is a graph showing how the light is diffused
in accordance with the present invention.

Fig. 12 shows another modification of the optical
leakage preventing apparatus in accordance with the third
embodiment of the present invention.

Figs. 13A, 13B and 13C are a plgn view, a front view
and a perspective view, respectively, of the optical
leakage preventing apparatus in aécordance with a fourth
embodiment of the present invention.

Figs..14A and 14B are a front view and a perspective
view of an optical leakage preventing apparatus in
accordance with a fifth embodiment of the present
invention.

Fig. 15 shows one modification of the optical leakage

preventing apparatus in accordance with the fifth



speci fied above, the power consunption of the light emtting di ode can be
reduced to about 0.07w, which can be afforded by a solar cell.having the
out put of about 0.4W so that the econom cal effe Qﬁ%ﬁhﬁﬁﬁﬂf;lnce
t he power consunption can thus be reduced, a guide PEAC H-eH—opef af es

sufficiently only by providing a solar cel | havi ng he abpu
220x50mm can be . - 20 - 135&’%%
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embodiment of the present invention.

Fig. 16 shows another modification of the optical
leakage preventing apparatus in accordance with the fifth
embodiment of the present invention.

'Fig. 17A shows a concept of still another
modification of the optical leakage ‘preventing apparatus
in accordance with the fifth embodiment of the present
invention, and fig. 17B shows said modification of the
apparatus. |

Fig. 18 shows a power source circuit of the self-
light-emitting indicating apparatus in accordance with one
embodiment of the present invention.

Fig. 19 is a partial cross section of the self-light-
emitting indicating apparatus in accordance with another
embodiment of the present invention.

Fig. 20 is a partial perspective view of the self-
light-emitting indicating apparatus in accordance with a
still further embodiment of the présent invention.

Fig. 21 is an gxlorﬁed prospective view of the self-
1ight-emit£ing indicating apparatus in accordance with the
second embodiment of the present invention shown in Fig.
4, .

DETAILED DESCRIPTION OF THE EMBODIMENTS

Embodiments of the present invention will be

described with reference to the figures.
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I mpl enented. Since the solar cell nodule, the storage battery, flickering
circuit and a ring shaped light emtting body can be coupled integrally,

t he gui ding sign can be nmade conpact and portable, and hence it can be
freely attached, by neans of the body attachnment fittings 6, directly on
the existing fire hydrant sign board 10. Since attenuation of |ight.

intensity can be neglected | - 21 - RIPLACENﬂ%ﬁ‘BJuHT
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(First Embodiment)

The first embodiment of 'the present invention will be
described with reference to Figs. 1 ahd 2. A solar cell
holder 2 on which a solar cell module 1 is fixed is
attached above first and second support members 4la 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 4la 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 4la and 41b and fixed by an epoxy
resin at the support members 4la and 41b with the intexrval
of about 40mm. In the solar cell holder 2, a storage
battery and a circuit for driving the apparatus for
flickering are contained. 1In a recegséd container portion
9 defined by an inner tubular body 42 formed of an ABS
resin and by the first and second support members 4la and
41b, two light emitting aiodes (having the diameter of
10mm) 8a, 85,.102 optical fibers 7, wires and so on are
contained. At a peripheral portion of support members 4la
and 41b, arm attachment fittings 6 are fixed, by which arm
attachment fittings 6, the apparatus can be attached on

attachment arms 1lla, 11b and llc of an existing fire

hydrant sign board 10.
- This Sheet Has Been Replac
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because of the conbination of the light emtting dlode and the opti.cal

fiber, and |ight having nearly nonochromatic wavel | ry'f has
superior guiding effect, and therefore a guiding siX i
structure and superi or perfornance can be obt ai ned| b] V|rtue of the
characteristics of the light emtting diodes and opt | cal 9 SEP1Pbas| wkl | as

that of the solar cell. _ - 22 -
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Fig. 2 is a perspective view illustrating the inside
of the apparatus showihg the 'support members 4la 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 1lid 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 1l2a, attachment arms
lla, 11b and 1lc fixed by welding on the ring shaped
portion 12a, and a sign board 10 of iron having the
thickness of about 1lmm, fixed on the attachment arms lla,
1lb and 1llc by means of bolts and.nu§s 13.

The ring shaped light emitting body for indication is
attached to the sign board 10 in the following manner.
Namely, referring to Fié. i, by attachment fittings 6 of
the'ring shéped light emitting body, the ring shaped light
emitting body is pressed against the attachment arms lla,
11b and 1llc 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

This Sheet Has Been Re'i
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Furt her, the guide sign described above is suitable 26 for various and
wi de applications such as various road signs, number-indicati-ng.: boards,
advertising sign REPLACEMENT SHEET,

19 SEP 1996
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attachment arms lla, 11lb and llc. More specifically, in
the recessed portion 6a of the attachment fittings 6,
attachment arms lla, 1llb and llc are fitted, bolts are
inserted to attachment holes 6b, and the attachment
fittings 6 are fixed on attachment arms lla, 1lb and llc
by fastening, by means of nuts. Accordingly, installment
of the light emitting body on the sign body 10 islvéry
easy. Since attachment/detachment is so easy, the
apparatus can be attached not only to general signs in
town but also to signs at cénstruction.sites or the like
where commercial power supply is not available,
'temporarilx 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 arga.at arbitrary three
dimensional positions by means of optical fibers. In
order to verify visibility at nigﬁt, the inventor
performed an experiment in which the diameter of the
optical fibér, the interval for arrangement of the optical
fibers, current consumption of the light emitting diodes
were changed variously, and luminance from the distance of
100m 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

—_—
—_—
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boards, various guide signs and so on and therefore it contributes nuch to
fire fighting operation, traffic control, advertisenent, and so on. (Second
Enbodi ment) Referring nowto Figs. 4 to 8, .the sane or correqundlng

portions of the self-lllun1nat|ng i ndi cating apnﬁgﬁrkﬁhﬁﬁmmrgﬁgﬁTflrst

enbodi nrent shown

_ - 24 -
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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.compaét énd portable, and hence it can be
freely attached, by means of the body attachment fiﬁtings
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 sﬁructure and
superior performance can be obtained by virtue of the
characteristics of the light emitting diodes ana optical
fibers as weil as that of the solar cell.

Further, the guide sign described above is suitable



in Figs. 1 to 3 are denoted by the sane reference characters. On both ends
of sem -tubul ar bodies 42a and 42b forned of a sy
acryl or of alumniumfirst and second support ne

as an engggiﬂgr¥§%2§§§Q_QQLLion are formed integr
body, sol ol der
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for various and wide applications such as various road

signs, number indicating boards, advertizing sign boarxds,
various guide signs and so on and therefore it contributes
much to fire fighting operation, traffic control,
advertizement, and so on.

(Second Embodiment)

A second embodiment of the present invention will be
described with reference to Figs. 4 to 8. In these
figures, the same or corresponding portions 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 aluminum,
first and second support members 4la and 41b as well as an
engaging recessed portion are formed integrally, and on
the tubular body, solar cell holder % is arr&nged. A dis;
shaped first panel 15a fdrmed of aluminum or a synthetic
resin such as acryl for indicatind fire hydrant sign,
characters and symbols afe provided, and along the
characters and symbols, -through holes 5 are provided, to
which optical fibers 7 of acryl are inserted and fixed.
On.a disc shaped second panel 15b formed of aluminum or a
synthetic resin suéh 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 fibers



2 is arranged. A disc shaped first panel 15a formed of alum niumor a
synthetic resin such as acryl for indicating fire hy ﬁaan§Lgp,

and synbols—are—provided, _and al ong the characters a REP
hol es 5 aﬁﬁ

charact

i ded, to which optical fibres 7 of agry

!
n, ,ele mﬁ}mlarécond panel 15b formed of af ufi
' : - 26 -
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7 of acryl are inserted and fixed for indicating
characters or signs as needed. At engaging recessed
portions l4la and 1l4lb 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 l4la and 141b provided at both
ends of the other semi-tubular body 42b, remaining halves
of the first and secpnd panels 15a and 15b are engaged and
fixed, respectively. On the inner side of the first panel
l5a, an optical leakage preventing apparatus 17 for .
cbnnecting_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 tu;ning on/off the power
supply to the lighﬁ 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 exchénge.. 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

ers



resin such as acryl,a nickel cadm um battery 16 or the [ike for charging is
attached. However,it may be al so provided with through holes 5 to which
optical +i-bres 27 : Erim s o

This Sheet Has Been Replaced

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 pqﬁtions 14lé 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 possiﬁility 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 gathergd, 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
cuﬁvature as the inner surface of semi-tubular bodies 42a
and 42b, which plafes 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 S5la and S51b of semi-tubular



7 of acryl are inserted and fixed for indicating characters or signs as

needed. At engagi ng recessed portions 141a and 141b Pi-Oyi-ged —t h ends
of one sem - tubul ar body 42a, halves of the fir§g; “{t*(ﬂ e} s 15a
and 15b are engaged and fixed. Thereafter, at engagrmg recessed F tions

141a and 141b provi ded at both ends of the ot her s=mﬂ§t$lﬂnl fFopOofy| 42b,
renmai ni ng hal ves - 28 - '

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 spacé P from the direction of the arrow B with
the vis 22a inserted to the threaded hole 2la, 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-tupulaf 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,

This Sheet Has Been Rep laced




of the flrst and second panels 15a and 15b are e

respectively. On the inner side of the first pandE} A@EBEN’E)@HEQQT | eakage
preventing apparatus 17 for connecting the |ight] gmi“ttirmg—drode whi ch

will be described later, is attached. In a contdire Xk b Q defined by
t he sem -tubul ar bodi es 42a and 42b, the first pgarde 1%%§§¢ﬂ@%é ohd panel

15b, a flickering circuit, a - 29 -

TGP PR S

when the indicating apparatus is kepﬁ on for about 0.4 to
0.6 seconds and kept fo 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
'used in the present invention. 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. 1In
response to the detection output, a switching piece of
switch circuit 18 is switched to the side a or to ﬁhe side
b, which switch turnSJON/OFF the'poweF supply to the light
emitting diode 8. Specifically,-wheﬁ the electromotive
voltage of solar cell 1 is about 9V in day time, the
switch is switched to tﬁe 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, and it is set to allow flow of an
-_
- This Sheet Has Been R

LT



detecting circuit for detecting whether the outsjpde—i-s—dark- LA
swtch circuit for turning on/off the power suppjj ';;ﬂr@iNTn:;f”
di ode in accordance with the detected output, an ined.
ba ﬂ@% osition
il and e; rt

part detachnment hole 19 is provided at the secow
where the storage battery can be detached for ex hange
attachnent hole 19 is covered by a - 30 -
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appropriate current (in this embodiment, 18 to 20maA) to
the LED (in this embodiment, 100Q).

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
posifioned just on the lid for part exchange in the
present invention, the lid for part exchange cannot be
readily opened, which is an effective theft deterrent.

(Third Embodiment) | | |

A third embodiment of the present invention will be
described with refereﬁce to Figs. 9 to 12.

Referring té Fig. 9, a sleeve shaped holder 25 formed
of a synthetic resin of the present epbodiment has a light
reflecting member 26 in the form of electroless plating,
light reflecting sheet or a metal thin plate such as
aluminum on an inner.peripheral surface of the through
hole thereof, in which through hole, a plurality of
optical fiber bundles 70 are adhered and fixed by means of
an adhesive. At a position opposing to the edges of the
optical fiber 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
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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 JuL;.§ﬁ?ﬂ~i;3; BEl d 20
for ThlsSheetHasBeenReﬂac Y :
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light diffusion.

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 opticai
fiber bundles 7’ and the light emitting diode is as shown
in Fig. 11. More specifically, the luminance at the
center and at the peripheral portion of the optical fiber
change as shown in the right part of Fig. 11 when the
edges of the'optical fiber bundles 7’ is directly in.
contact with the light emitting diode 8. Meanwhile, when
a small space (0.5-2mm) is provide& between the edges of
the optical fiber 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 center and the
peripheral portion cgn'bé reduced.

Fig. ld éhows one modification of the optical leakage
preventing apparatus in accordance with the third
embodiment of 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



28 part exchange. Base 23 of the attachnent f|tt|ng 21 is fixed by meldlng

on t he—second panel 15b of alum num Since one end gﬁ@i - her i s
provi de, eg@gsg e's or synbols on the first g A'~%--- 4 uded
by abou surface of the panel, view arglie fromthe oujjsfde is
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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 epdxy 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 prdtruded 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 éf the light.
emitting diode holder 27, light reflgcting 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 di;de 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



further wi dened, the end of the optical fiber my be adapted to have the
di versi ons of about 60 fromthe tip end thereof, in such a shape as a

penci | head.

portions 11I§‘§ﬁd*b$ﬂ}{#-$he_sen1-tubular bodi es #2 6Eqpu and-by t he

flrst and s

U | [

The container portion 14 defined by the engaglng recessed
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s 15a and 15b is perfectly s
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provided'the light intercepting/light reflecting -packing
29, the light does not leak in directions other than the
optical fiber, even when the edge surfaces of light
emitting diode holder 27 is not in tight contact with the
optical fiber 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 aluminum is provided, and a plurality of
optical fiber bundles are adhered and fixed in these
through holes, respectively by an adhesive.

(Fourth Embodiment)

A fourth embodiment of the present invention will be

described with reference to Figs.'13A, 13B and 13C.
Referring to Figs. l}A té 13C, a side sﬁrface of the light
emitting diéde is provided:with electroless plating 31.
In this case, optical reflecting member need not be
provided iﬁ the tﬁrough holes of the optical fiber holder
25 and the light emitting diode holder 27.

(Fifth Embodiment)

A fifth embodiment of the present invention will be



entering the container portlon Meanwhi l e, it isrnecescary o let external

air in- or—l—t—|—s—neeess&F—y—H} prevent m st dI’OpS i "?Z ‘_ _ [ d, a

smal | throu h hoIe 24 be provi ded at a | ower{ pprtrofn—ot -ni-
t ubul ar bo d As shown in Fig. 21,| c n atjes 50a and
50b forned haV|ng approximately g ggﬁétpgﬁﬁ@ f
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described with reference to Figs. 14A and 14B. Referring
to Figs. 14A and 14B, in this embodiment, when optical
fibers 7 are to be provided in the through holes 5 of the
first and second support members 4la and 41b of the |
tubular body 42 shown in Fig. 2, optical fibers 7a and 7b
are prqvided crossing each other, so as to make narrower
the distance between the first and second support members
4la and 41b. More specifically, optical fiber 7a inserted
to the through hole 5 of the first support member 4la is
arranged approximately parallel along thg inner surface of
the second support member 41b, while optical fiber 7b
inserted to through hole 5 of the secoﬁd support member
41b is arranged approximately parallel along the inner
surface of the first support member 4la, while both
optical fibers.are arranged crossing each other, and each
bent at a prescribed curvature. Accqrdingly, the space
between the first and second support members 4la and 41b
can be made narrow.

The same appligs to'the first and second panels 15a
and 15b fixed on the first and second support members 4la
and 41b shown in Fig. 5. Therefore, in the claims, the
first and second subport members 4la and 41b of Fig. 2 and
the first ahd second panels 15a and 15b of Fig. 5 are
generally referred to as first and second.holding plates.

"Fig. 15 shows a modification of the self-light—.



curvature as the inner surface of sem -tubul ar bodies 42a and 42b, which
plates are provided in advance, are putted on the inside of the

sem -circul ar bodi es 42a and 42b, and the connecting plates are flxec by
i nserting eyelets 53a and 53b in fitting holes 5la g Ay ;

This Sheet Has Been RTlaced '
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emitting indicating apparatus of the present embodiment.
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Fig. 15 shows a partial cross section of the first and
second paneis 15a and 15b fixed on the first and second
support members 41a and 41b of Fig. 5, in accordance with
the modification. An optical fiber 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°C
to 90°C is blown for about 1 minute to the portion of the
optical fiber inserted in the through hole 5 and bent -
portion 33.of the optical fiber.

When the optical fiber is formed of acryl, it is
necessary to bend the optical fiber with the curvature of
100d<r at a room temperature, where d represents the
diameter and r represents radius of curvature of thé
optical fiber.

However, by heat treatment performed in the present
invention, degradation of optical'characteristics of the
optical fiber (acryl), tﬁat is, light transmittance,
refractive index and so on, caused by strain and stress
generated at the bent pdrtion can be prevented, and at the
same time, degradation of mechanical characteristics can
also be prevented. Therefore, the optical fiber can be
bent with the curvature of 70d<r<100d. Further, the time

of hardening of the epoxy resin used for adhesion can be



29 bodi es 42a and 42b and fitting holes 52a and 52b of connecting plates
50a and 50b for connecting the sem - tubul ar bodies 42a and 42b with each
other. Further, solar cell holder 2.is also fixed by stacking solar cell
hol der 2, sem -tubul ar bodi es 42a and 42b and connecti ng

-6 - RERLACRMENT ey
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Fig. 16 shows another modification of the present
embodiment. The example of Fig. 16 is approximately the
same as that of Fig. 15, except that the optical fiber 7
is heated and kept at the heated temperature 40°C to 50°C
for about 1 minutes in advance so as to shape the fiber,
and then the optical fiber 7 is inserted to the through
holé 5.

A still furﬁher modification of the present
embodiment will be described with reference to Figs. 17a
and 17B. Fig. 17A shows a state in which optical fiber 7
is insertéd to the firét panel 15a of Fig..s. Generally,
the relation D24d must be satisfied to fix the optical
fiber at a prescribed angle as shown in Fig. 17A, where D
represents the thickneés of the panel (or holding plate)
and d represents the diameter of the_optical fiber. 1In
this modification, the relation D;4d.only has to be
satisfied, where D represents distance from an outer
surface Q of panel 15c tﬁ an outer surface S of auxiliary
plate 34.ané d represents the diameter of the optical
fiber.

(Sixth Embodiment)

Fié. 19 is a partially exploded cross section of the
self-light-emftting indicating apparatus in accordance

with another embodiment of the present invention. More
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pl ates 50a and 50b with each other and then |nsert|ng eyelets (not shown

into fitting holes (not shown) bored through thent et "] ;1 modul e

1 is attached to solar cell holder 2. As shown i ri 24\ e

bet ween L-shaped. fittings 23a and 23b on the bag 23 'S narromeﬁ

head of vis 22a but little wider than the dianetdr jof 19h$EP 199%
- 37 -

han t he

specifically, Figs. 19A, 19B, and 19C show the manner of
assembly of tubular body 42, ‘optical fiber 7 and lid 43.
'In this embodiment, 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 protreded from
the protruded ends of optical fiber 7. Further, the lid
43 is also protruded, with a little wider width, from the
protruding end of optical fiber 7, as the extended
portions 38a and 38b. By virtue of this.structure, the
protruded ends of optical fiber 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 1lid 43, even when the self-light-emitting indicating
apparatus falls down.

(Seventh Embodiment)

Fig. 20 is a partial perspective view of the self-
light-emitting indicetiﬁg apparatus in accordance with a
still further embodiment of the present invention. 1In
this embodiment, 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
abparatus, by extending a lead 39, and metal fitting 6 is

provided inside the tubular body 42.

This Sheet Has Been Replaced
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threaded portion thereof. Therefore, fitting RI=iS, ASELEE ispace P from
the direction of the arrow B with the vis ZZaﬁEgeA mammeaded hol e

2l1a, and it _
regard to the self-light-emtting indicating ?p)aragﬁgfsmgwn nt Figs. 6 and
7 as wel |,

each

solar cell holder 2 and sem -t ubu

is fastened on the L-shaped fittipg|by neans of t{ 22b. Wth

rjbodi es 42a anyl B¥2b with
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As described above, according to various embodiments
of the present invention, an indicating apparatus is
fabricated by using a small number of light emitting
diodes, acryl optical fibers having tip ends adjacent to
the diodes and optical leakage preventing meaﬁs, so that
compared with the conventional method of point light
séurces of light emitting diodes, opti&al energy can be
transmiﬁted 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
fibers. 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 perférmed
on the light emitting diode, optical loss can be
suppressed. |

Further, as the optical fibers are arranged crossing

" with each other and optiéal fibers are subjected to heat

treatment, fhe optical fibers can be bent at the curvature
of 70dgr<100d, which is far larger than usual, while not
impeding mechanical characteristics and physical
characteristics such as light transmittance, refractive
index or ﬁhe like. Therefore, the space between opposing

panels can be narrowed, and the apparatus can be made
—_—
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other and then inserting eyelets 54a and 54b into fitting holes (not shown)
bored through them before solar cell nodule 1 is attached to solar cel
hol der 2. By flickering the indicating apparatus at night, (a) visibility

is inproved, and (b) electric energy can be redud RECRE he
experi ment by the inventor, ?%P N0k gﬁﬁﬁf
19 SEP 196 ll
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- compact. Further, by the heat treatment, the time
necessary for hardening the epoxy resin used for adhesion
can be reduced.

Further, since an auxiliary plate is attached at a
prescribed distance on the holding plate for attaching the
optical fibers, 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 fiber protruding
from the through hole of the support member, the tip end
of the optical fiber may not be damaged even when the
self-light-emitting indicating apparatus falls down.

In the self-light-emitting indicating apparatus iﬁ
accordance with a further embodiment, since a draining
hole is provided at a lower portion of the enclosure of
the self-light-emitting indicating apparatus, rain drops
or the like do not gather.

Further, by making iong the lead, the solar cell can
be placed aé 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.

—_—
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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
obtai ned and the apparatus is very practical. ,

- 40 -

Having thus described the present invention by
reference to several particular embodiments, it is to
be appreciated that thg_ described embodiments are
exemplary only and are susceptible to modification and
variation without departhre from tﬁe scope of the

invention as determined by the appended claims.

\\
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Fig. 18 shows one exanple of a power source circuit that can be used with
g |nd|cat|ng apparatus. The el ectronotive voltage E of

and two solar cells are connected in series in
dm EHM ! ode 35 is provided for preventing reverse flow and it
r rrent fron1storage battery 16 tqﬁLhewseLaLﬁ sy,

|REPLACEMEENT S5

CLAIMS
Nmta, 7RI MO, - ]

1. An optical leakage preventing apparatus used for
connection between an optical fiber and a light emitting
diode, comprising: |

a holder formed of a synthetic resin inélﬁding a
light reflecting member on an.inner éeripheral surface of
a through hole;

a plurality of optical fiber bundles adhered and
fixed by an adhesive in said through hole; 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 fiber bundles inserted and fixed in said through

hole.

2. The optical leakage preventing apparatus
according to claim 1, wherein

said light reflecting member is electroless plating.

3. The optical leakage preventing apparatus
accogding to claim 1, wherein

said light reflecting member is a reflective sheet
insertéd onto an inner peripheral surface of the through

hole,
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cell 1 when irradiation of solar cell is stopped and el ectronotive vol t age
E is not generated. A detecting circuit 36 detectspwhetherthe.gut.side is

dark or

R
ur >r supply to the light emitting §i ode c8p SREC
when the L ® s = . 42 oF s&p ﬁﬁg

not.

M Tesponse to the detection output,jgﬁﬁ&ﬁﬁﬂﬁgﬁﬂﬂﬁﬂﬁﬁﬁ‘f
hi ' 1 w tch
ilcal Iy,

4. The optical leakage preventing apparatus
according to cla;m 1, wherein

said light reflecting member is a metal thin film of
aluminum or the like inserted onto an inner peripheral

surface of the through hole.

5. An optical leakage preventing apparatus used for
connection between an optical fiber and a light emitting
diode, comprising:

a fiber holder formed of a synthetic resin having at
least one through hole;

a plurality of optical fiber buﬁdles inserted and
fixed in said through hole;

a light emitting diode holder formed of a synthetic |
resin having at least one through hole at a position
opposing to~an edge of the optical fiber bundle inserted
and fixed in said through hole of the'fiber holder, and
including a light reflecting member on an inner peripheral
surface of the through hoie;

a light emictiné diode inserted and fixed in the
through of the light emitting diode holder; and

fixing means for clémping the fiber holder and the

light emitting diode holder.

6. The optical leakage preventing apparatus

This Sheet Has Been Reﬂlaced




el ectronotive voltage of solar cell 1 is about 9V in day tine, the switch
Is switched to the side a, and if the electronotive voltage is near OV in
thedark at night, the switch is switched to the side b The reference

n | T a circuit for flickering. A protpgets
pﬂm"i ' ﬂium ting flow of excessive current tidx:
* € L M S 43 :
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according to claim 5, comprising i N
a light reflecting member on an inner peripheral

surface of the through hole of said fiber holder.

7. The optical leakage preventing apparatus
according to claim 5 or 6, wherein

said light reflecting member is electroless plating.

8. The optical leakage preventing apparatus
according to claim 5 or 6, wherein

said light reflecting member is a reflective sheet.

9. The optical leakage preventing means accoxding to
claim 5, wherein
said light reflecting member is a metal thin plate of

aluminum or the like.

10. The optical leakage preventing apparatus
according to claim 5, wherein

a light'interceéting/light refracting packing is
interposed between said fiber holder and said light

emitting diode holder.

l1l. The optical leakage preventing apparatus

according to claim 5, wherein -
eet Has Been Rep‘laced
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when light emtting diode (LED) 8 is short-circuited, 31 (in this

enbodi rent, 18 Lo 20m) to the LED (in this enbodiment, |000ferr]).
AN DA A REPLACE ]
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said light emitting diode is fixed by solder on a

copper foil of a printed board.

12. The optical leakage preventing apparatus
according to claim 5, 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 oétical

fibers.

13. The optical leakage preventing means according
to claim S, wherein

said fixing means includes a bolt and a nut.

l14. A self-light-emitting indicating apparatus,
comprising:

(a) an enclosure formed by combiﬁing a pair of semi-
tubular bodies opposing to each other, each said semi-
Itubular body having first and second support members which
are arranged opposiné to each other and arrgnged inwards
at both side ends of a semi-tubular bodies;

(b) a first panel fixed on said first support member
of the enclosure, having a plufality of through holes and
having a sign indicating portion;

(c) @ second panel fixed on said second support

This Sheet Has Been Reﬂlaced
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Since a nickel cadm um storage battery degrades when chargi ng/ di schargi ng
IS repeated, it must be exchanged once in every or every other year. For
thls pur pose, thﬁ"ﬁart detachment hole 19 is necessary. It is possible that

ﬁmﬁwﬂﬂﬂﬂ inthe hole is stolen by opening the Lid 20 for.part

{REPLACEMENT SHER]
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since the pole is positioned JUSig
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member of said enclosure;

(d) a container portion formed by said enclosure and
said first and second panels;

(e) a plurality of optical fibers contéined in said
container portion, each having one end inserted ang fixed
in_each of a plurality of through holes provided in at
least one of said first and second pakels;

(f) a light emitting diode contained in the container
portion, arranged adjacent to another end of said
plurality of optical’fibers which are bundle and cut, and
having optical leakage preventing means;

(g) a power source for the light emitting diode; and

(h) a fitting means attached to said enclosure or to
said second panel and fixed on the enclosure or the second
panel.

15. The self-light-emitting indicating apparatus
acéording to claim 14, wherein

said leakage preventing means of said light emitting
diode is eléctroless.plating performed on a side surface

of said light emitting diode.

16. The self-light-emitting indicating apparatus
according to claim 14, wherein

said optical leakage preventing means of said light
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for part exchange,_the lid for part exchange cannot be readily opened,

t he

Ref
of

theft deterrent. (Third Enbodi nent) An enbodi nent of

n wll be described with reference to F|gs 9 to 12.
ﬁi ﬁ ulﬁ ‘m a sl eeve shaped hol der 25 for mefiydis srsymbhetuenTEsi n
i ment B LR LS DHBL
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emitting diode includes

a hélder formed of a synthetic resin including a
light reflecting member on an inﬁer peripheral suriace of
a through hole, a plurality of optical fiber bundles
adhered and fixed by meﬁns of an adhesive in the through
hole, and the light emitting diode inserted fixed in the
through hole at a position opposing to and spaced by a
prescribed small distance for light diffusion from, edges
of the optical fiber bundles inserted and fixed in said

through hole.

17. The self-light-emitting indicating apparatus
according to claim 14, wherein .

said optical leakage preventing means of said light
emitting diode includes

a fiber holder formed of.a synthetic resin having at
least one through hole; a plurality of optical fiber
bundles inserted and fixed in the through hole; a light
emitting diode holder formed of a synthetic resin having
at least one through.hole provided at a position opposing
to edges of the optical fiber bundles inserted and fixed
in said through hole of the fiber holder, and having a
light reflecting member on an inner peripheral surface of
the through hole; a light emitting diode inserted and

fixed in the through hole of the light emitting diode

This Sheet Has Been Re;ilaced

WSTNP s Bt IN(ETL 0oy e



has a |ight.
reflecting
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u| fibre bundles 70 are adherej$J;m e § byiiib
mi \“\“ lmmﬂ “oleon opposing to the edges of ytheoptical t|bye

reflecting menber 26 in the formof electroless plating, |ight
sheet or a netal thin plate such as alum niumon an inner
surface of the through hol e thereof, tvflol e, a
ans of an
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holder; and fixing means for clamping said fiber holder

and the light emitting diode holder.

18. The self-light-emitting indicating apparatus
according to claim 14, wherein

said power source is a solar cell mounted on a solar
cell holder provided on sdid enclosure or on said second

panel.

19. A self-light-emitting indicating apparatus
according to claim 14, further comprising -

a detachment hole provided at said second panel for
exchanging a storage battery contained in said container
portion, wherein said fitting meané is positioned opposing

to said detachment hole.

20. The self-light-emitting indicating apparatus
according to claim 14, wherein
a storage battery and a circuit for flleEang are

contained in said conta;ner portion.

21. A self-light-emitting indicating apparatus, used
for attracting attention to a sign, comprising:

(a) an enclosure having first and second support

members arranged at opposing ends of a tubular body and
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bundleé 70 inserted and fixed in the through hole, a light emtting diode
Is fixed by neans of an adhesive, with a prescribed small space (0.5-2mm

for light diffusion.

* c L. M S *
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having a plurality of through holes;

(b) a recessed container portion formed by said
enclosure and said first and second support members ;

(c) a plurality of optical fibers contained in said
recessed container portion and each having one end
inserted and fixed in each of said plurality of through
holes of at least one of said first and second support
members ;

(d) a light emitting diode contained in said recessed
container portion, arranged adjacent to the other end of
said fiber and having optical leakage preventing means;

(e) a power source for the light emitting diode;

(£) a 1lid for covering said recessed container
portion; and

(g) .2 fitting means attached on said lid or said

enclosure for fixing said lid or said enclosure.

22. The self-light-emitting indicating appa#atus
according to claim 21, wherein |

the optical leagage preventing means of said light
emitting diode is electroless plating performed on a

covered side surface of said diode.

23. The self-light-emitting indicating apparatus

according to claim 21, wherein
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32 The reflective sheet used here is a recurrent reflecting nenber obtained
by enbedding transparent fine particles of glass in a transparent resin

i aﬂﬁ]uﬁﬁﬁuii‘ﬁg@mﬁ e o Y mnes, e LA
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said optical.leakage preventing means of said light
emitting diode includes

a holder formed of a synthetic resin having a light
reflecting member on an inner peripheral surface of a
through hole; a plurality of optical fiber bundles adhered
and fixed by an adhesive in said through hole; and a lighé
emitting diode inserted énd fixed in said through hoie at
a position opposing to and spaced apart by a prescribed
‘small distance for light diffusion from, edges of the
optical fiber bundles inserted and fixed in said thfough

hole.

24 The self-light-emitting indicating apparatus
according to claim 21, wherein

said optical leakage preventing means of said light
emitting diode includes

a fiber holder formed of a synthétic resin having at
least one through hole; a plurality of optical fiber
bundles inserted and fixea in the through hole; a light
emitting diode holder‘formed of a synthetic resin having
at least one through hole at a position opposing to edges
of the optical fiber bundles inserted and fixed in said
through hole of the fiber holder, and having a light
reflecting member on an inner peripheral surface of the

through hole; a light emitting diode inserted and fixed in
i ————___-'__—_—_____._———-
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(o. 5- 2mm)

tre and at the peripheral porq§§ﬁ~eL_Lhe“ggL|cal fibre
%‘ME’ ﬂ% [i" ﬁhe right part of Fig. 11 when BLA@EMN]‘C.HP bpti cal
i b

is provided between the edges of the optical fibre bundles 7

de is as showmn in Fig. 11. Mire specifically, the

dlrectly In contact with the
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the through hole of said light'emitting diode holder; and
fixing means for clamping said fiber holder and said

light emitting diode holder.

25. The self-light-emitting indicating apparatus to
claim 15, wheréin

said power source is a solar cell mounted on a solar
cell holder holder provided on said lid or on a support

member.

26. The self-light-emitting apparatus according to
claim 21, whereiﬁ
a storage battery and a circuit for flickering are

contained in said solar cell holder.

27. The self-light-emitting indicating apparatus
according to c;aim 21, wherein '

said lid or said enclosure is detachably attached to
an attachment arm of an exiting fire hydrant sign board by

means of said fitting‘means.

28. The self-light-emitting indicating apparatus
according to claim 14 or 21, wherein
the optical fiber is bent at a curvature of

70d4r<100d, by means of heat treatment, where d represents

This Sheet Has Been Replaced
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8. Meanwhile, when a snall space (0.5-2m) is provided between the
edges of the optical fibre bundles 7' and the [if - onR, the
| um nance changes as shown in the |left part of Hi 4m§ﬁjﬁﬁﬁﬁﬁﬁ§%§§ i fference

UMPBIRIAN: <% 2 o o s e
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diameter of said optical fiber and r represents radius of

curvature of the optical fiber.

29. A self-light-emitting indicating apparatus,
comprising: |

(a) first and second holding plates having a
plurality of through holes and arranged opposing to éaéh
other with a prescribéd distance therebetween;

(b) first optical fibers arranged approximately
parallel along and near an inner surface of said first
holding plate, bent at a prescribed curvature and each
having one end inserted to one of the through holes of
said second holding plate;

(c) second optical fibers arranged approximately
parallel along and near an inner surface of said second
holding plate, arranged crossing said first optical
fibers, bent at a prescribed curvatur; and each having one
end inserted to one of the through holes of said first
holdlng plate; |

(d) a light emlttlng diode arranged adjacent to the
other end of each of sa;d_flrst and second optical fibers;
and

(e) a power source for the light emitting diode.

30. The self-light-emitting indicating apparatus

IIl
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| eakage preventing apparatus enbodying the present invention. Referring to
Fiq 10, a rectangular holder 25 of synthetic resin is provided with a

ght reflectlnﬁ menber 26 in the form of eIectrole{REP]@QE@@mﬂisHEETl

Tll||||1 R = e
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according to claim 25, wherein

said light emitting diode is provided with an optical
leakage preventing apparatus for connection between an
optical fiber and a light emitting diode, including a
holder formed of a synthetic resin and having a light
reflecting member on an inner peripheral surface of a
through hole, a plurality of optical fiber bundles adhered
and fixed in the through hole by an adhesive, and a light
emitting diode inserted and fixed in the through hole at a
position opposing to and spaced by a prescribed small
distance for light diffusion from, edges of the optical

fiber bundles inserted and fixed in said through hole.

31. The self-light-emitting indicating apparatus
according to claim 29, wherein '

said light emitting diode is provided with an optical
leakage preventing apparatus for connéction between an
optical fiber and a light emitting ‘diode, including a
fiber holder formed of a synthetic resin having at least
one through'hole, a élurality of optical fiber bundles
inserted and fixed in the through hole, a light emitting
diode holder formed of a synthetic resin having at least
one through hole at a position opposing to edges of the
optical fiber bundles inserted and fixed in the through

hole, and having a light reflecting member on an inner

; This Sheet Has Been Reﬂ
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33 thin plate such as alum numon the inner peripheral surface of a through
thereof, and in the through hole, a plurality of optical fiber bundles are
adhered and fixed by neans of an adhesive. At this tinme, an epoxy resinis

appl i eﬂ“mﬁ “ﬁmﬂmﬁﬁn fromthe tip end of the opti C_él

19EP 196 | |
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peripheral surface of the through hole, a light emitting
diode inserted and fixed in the through hole of said light
emitting diode holder, and fixing means for clamping the

fiber holder and the light emitting diode holder.

32. A self-light-emitting indicating apparatus,
comprising:
(a) a holding plates having ; p;urality of through
holes; _
(b) an optical fiber having one end inserted to the
—. through hole of said.holding plate;

(c) an adhesive applied around the through hole to
which said optical fiber is inserted at an inner surface
of said holding plate and around a periphery of said
optical fiber, for adhering and fixing the optical fiber
on said.holding plate; )

(d) a light emitting diode arrané'ed adjacent to the
other end of said optical fiber; ard

(e) a power source for the lighf emitting diode;
wherein .

said optical fiber is bent at a prescribed curvature
by an external pressure at a prescribed position from one
end of said opticél fiber fixed on said holding plate, and
the portion of the optical fiber bent by said external

pressure is heated for a prescribed time period so that
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fiber bundle, the aoptical fiber bundle is inserted.to-the.holder-25 of the
m protruded by about 3cm from t}g ﬁWfSR&H hol der,

“\wm‘n :sf _hgrdened in :hijs st at e. AL_ e L%.c reST 1Y a][dgned,
u ca i bers are cu y a saw, edpeb Qiggﬁg @ﬁélca i ber

snpoFlshed by neans of a file and a sandpaper
are subj ected to buffing . - 54 -

t He edges
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stress caused by bending strain at the bent portion by

said external pressure is reduced.

33. The self-light-emitting indicatiﬁg apparatus
according to claim 32, wherein

said light emitting diode is provided with an optical
leakage preventing appafatus for connection between an
optical fiber and a light émitting diode, including a
holder formed of a synthetic resin having a light
reflecting member on an inner surface of a through.ho;e, a
plurality of optical fiber bundles adhered and fixed by an
adhesive iﬁ the through hole, and a light emitting diode
inserted and fixed in the through hole at a posxt;on
opposing to and spaced by a prescrlbed small dlstance for
light diffusion from, edges of the optical fiber bundles

inserted and fixed in.said through hole.

34. The self-light-emitting indicating apparatus
according to claim 32, wherein

said light emitfing diode is provided with an optical
leakage preventing apparatus for connection between an
optical fiber and a light emitting diode, including a
fiber holder formed of a synthetic resin having at least
one through hole, a plurality of optical fiber bundles

inserted and fixed in said through hole, a light emitting
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(usTﬁG‘a‘gr%ﬁdeF—#eLned of cloths),

ar e, On the inner
the Ifi m m, de hol der 27,
el ect rol essw. light refle

em'tting di ode 8 has its el ectrode
board 28. Light

fibers
0| e of

so that the edges of the optical

peri pher al surfaceR? Aaﬁ ] 68 )

)

| i ght reflecting S as
cting sheet is prqvijded, and |igh
sol dered onto a qoy pei9fS£H 1896 a|pfint ed
- 55 -
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diode holder formed of a synthetic resin having at least
one through hole provided at a position opposing to edges
of the optical fiber bundles inserted and fixed in said
through hole of the fiber holder and having a light
reflecting member on an inner peripheral surface of the
through hole, a light emitting diode inserted and fixed in
the through hole-of said light emitting diode holder, énd
fixing means for clamping said fiber holder and said ligh£
emitting diode holdef.

. 35. A self-light-emitting indicating apparatus,
comprising:

(a) a holding plate having a plurality of through
holes;

(b) optical fibers each bent at a prescribed
curvature at a prescribed position from one end by heating
and maintaining at a heated temperatuée for a prescribed
time period, and having one end inserted to one of the.
through holes of said hol&ihg plate;

(c) a light emiﬁfing diode arranged adjacent to the
other end of said optical fiber; and

(d) a power source for the light emitting diode.

36. The self-ligﬁt—emitting‘indicating apparatus.

according to claim 35, wherein

Thls Sheet Has Been Re
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emtting diode 8 is inserted to the through hole of light emtting diode
hol der 27, it abuts the fiber holder 25 with a light intercepting/light
ing packing 29 forned of a synthetic resin interposed, and together

I 2 Lot 7 o Gt
% ¢ L WS % :

- 56 - _
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said light emitting diode is provided with an optical

leakage preventing apparatus for connection between an
optical fiber and a light emitting diode, including a
holder formed of a synthetic resin having a light
reflecting member on'an inner peripheral surfaée of a
through hole, a plurality of optical fiber bundles adhered
and fixed by an adhesive in the through hole,"ahd a light
emitting diode inserted and fixed in the through hole at a
position opposing to and spaced by a prescribed small
distance for light diffusion from, edges of the opticél

fiber bundles inserﬁed and fixed in said through hole.

37. The self-light-emitting indicating apparatus
according to claim 35, wherein

said light emitting diode is provided with an- optical
leakage preventing apparatus for connection between an
optical fiber and a light emitting diéde, including a
fiber holder formed of a synthetic resin having at least
through hole, a plural;tf of optical fiber bundles
inserted and fixed iﬁ the through hole, a light emitting
diode hélder formed of a synthetic resin having at least
one through hole at a position opposing to edges of the
optical fiber bundles inserted and fixed in said through
hole of the fiber holder, and having a light reflecting'

member on an inner peripheral surface of the through hole,



e | i ght

34 provided the light intercepting/light reflectirﬁaf O —t
' anolBen] t he

does not leak in directions other than the opti cal

—edge-surfaces of light enitting diode holder 27 i§ hot in'”“
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a light emitting diode inserted and fixed in the through
hole of the light emitting diode holder, and fixing means
for clamping said fiber holder and said light emitting

diode holder.

38. A self-light-emitting indicating apparatus,
compristirig:
| (2) a holding plaﬁe having an auxiliary plate
attached at a prescribed distance from or attached in
direct contactwith the hblding plate, said holding plate
and said auxiliary plate both provided with a plurality of
through holes; -
(b) opticai fibers each having one end inserted to
one of the through hole of said holding plate;
.(c) a light emitting diqde arranged adjacent to the
other end of said optical fiber; and
(d) a power source for the light ;mitting diode;
wherein

"D > d4d

nv

where D repreesents distance from an outer surface of the
holding plate to outer surface of the auxiliary plate, and

d represents diameter of the optical fiber.

39. The self-light-emitting indicating apparatus

according to claim 38, wherein

This Sheet Has Been Reﬂlaced
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tight contact with the optical fibre holder 25. Fig. 12 shows one

HE%LLLQQLLQH_QL_Lheﬂpresent enbodi ment . Referring. to Fig. .12 _rh|s
odi ment diff fromthat of Fig. 10 only h52=h_1'~ o '1 _
are ctangular hol der 25 fornedf”» —medi n.
spe&m‘mmuluws ‘! i nner peripheral surface o 5

1

- said light emitting diode is provided with an optical
leakage preventing apparatus for connection between an
optical fiber and a light emitting diode, including a
holder formed df a synthetic resin having a light
reflecting member on an inner peripheral surface of a
through hole, a plurality of optical fiber bundles adhered
and fixed by an adhesive in the through hole, and a lighg
emitting diode inserted and fixed in said through hole at
a position opposing to and spaced by a prescribed small

1 distance for light diffusion from, edges of the optical

fiber bundles inserted and fixed in said through hole.

40. The self-light-emitting indicating apparatus
according to claim 38,'wherein

said light emitting diode is provided with an optical
leakage preventing apparatus for connection between an
optical fiber and a light emitting diéde, including a
fiber holder formed of a synthetic resin having at least
one through hole, a plurality of optical fiber bundles
inserted and‘fixed iﬁ.said through hole, a light emitting
diode holder formed of a synthetic resin having at least
one through hole at a position opposing to edges of
optical fiber bundles inserted and fixed in said through
holeof the fiber holder, and having a light reflecting

member at an inner peripheral surface of the through hole,
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light_reflecting nmenber 26 of electroless plating, light reflecting sheet
or netal thin plate such as alumniumis provided, and a plurality of

oI o s e oo SRS o

present” i fivehti'bn Wi [*
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a light emitting diode inserted and fixed in the through
hole of said light emitting diode holder, and fixing means
for clamping said fiber holder and said light emitting

diode holder.

41. The self-light-emitting indicating apparatus
according to claim 38,  -wherein

said auxiliary plate has approximately the same
thermal expansion coefficient as that of said holding

plate.

42. The self-light-emitting indicating apparatus
according to claim 21, wherein

at least one of a portion extended from said tubular
body and said lid is set to be little protruded from one
end of the optical fiber protruded from the through hole

of said support member.

43. The self-light-emitting indicating apparatus
according to claim 14, wherein |
a draining hole is provided at a lower portion of

said enclosure.

44, The self-light-emitting indicating apparatus
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be desert+bed—wthr treference to Figs. 13A, 13B and EEELAEBNg$ﬂ‘§gE

13A it face of the light emtting diqde is providef

el ectt ﬂ%‘l !ﬁ“mm‘“ In this case, optical refljedti 99 SEMI89s nke
prOVI ough holes of the optical fibrdg Hol der 25 and 1t hg
emtting di ode hol der 27.
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according to claim 21, wherein

a draining hole is provided at a lower portion of

said enclosure.

45. A coupling device far optically coupling
together a light source with at least one optical
fiber, said device cpmprising a body having first and
second opposed ends for qonnection to said 1light
source and said at least one optical fiber
respeqtively, a light transmitting passage between
said first aﬁd second ends for transmitting lighﬁ
therebetween, and a 1light reflecting means for
preventing leakage of light passing from said first

end to said second end.

46. A method of optically coupling together a
light source with at least one optical fiber, said
method comprising:

providing a coupling device having first and
second opposed ends;

prdviding a light transmitting passage between
said first and second ends for transmitting light
therebetween;

providing light reflecting means associated with
said coupling device for preventing leakage of light

passing from said first end to séid second end; and
-

e

"



35 (Fifth Enbodi nent) The arrangenent of thF- «gpt-i-cal.  fibres
described With reference to Figs. 14A and 14B. E@LACLM&%” SHﬂLf'
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connecting said light source and said at least

one optical fiber to said first and second ends

respectively.

47. An illumination appafatus for illuminating
a sign, said apparatus comprising: a light source for
providing light to illuminate at least one portion of
said sign; at least one optical fiber for transmitting
light from said source to said at least one portion of
said sign, an optical coupling device, said device
optically coupling together said light source and said
at least one optical fiber; and light reflecting means
associated with said coupling device or the 1light

source for preventing leakage of light from therein.

48. A method of illuminating a sign, said method
comprising:

providing light from a light source to illuminate
at least one portion of said sign;

providing at least one optical fiber for
transmitting light from said source to said at least

. one portion of said éigh; optically coupling together

said light source and said at least one optical fiber
by wéy of an optical coupling device; and

preventing leakage of said light from said

coupling device by providing light reflecting means

. This Sheet Has Been Reﬂlaced




RefW and 14B, when optical fibres 7 are to be provided in
t he through hol es t he flrst and second support nenbers 4la and 41b of
theJmum('mm"ﬂﬁ hown in Fig. 2, optical fibres 7a and 7b are provided
cro ,Tso as to make narrower the distance between the first
and second subposrt enbers 4l1a and 41b. More specifically, optical fibre

. - 62 -

associated with said coupling device or the 1light

source.

49. An apparatus, device or method substantially
‘as herein described with reference to the accompanying

drawings.
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7a inserted to the through hole 5 of the first support nmenber 4la is
arranged approximately parallel along the inner surface of the second
support nenber 41b, while optical fibre 7b inserted to through hole 5 of

t he second support menber 41b is . arranged approxi mately
paral l el along the inner surface of the first support nmenmber 4la, while
both optical fibres - 63 -

IMPROVEMENTS RELATING TO SIGN ILLUMINATION
ABSTRACT OF THE DISCLOSURE

A self-light-emitting indicating apparatus includes
an enclosure formed by combining a pair of opposing semi-
tubular bodies, each having first and second support
members positioned at both ends; first and second panels
fixed on the first and second support members
respectively, at least one of the first and second panels
having a plurality of through holes and or having a sign
indicating portion; a plurality of optical fibers
contained in a container portion defined by the enclosure
and the first and second panels, each having one end
‘inserted and fixed in one of the plurality of through
holes provided in at least one of the first and second
panels, and a light emitting diode contained in the
container portion, arranged adjacent to the other end of
the plurality of optical fibers which are bundled and cut,
and having an optical leakage preventing means. By this
structure, wheﬁ the light from the'ligﬁt emitting diode is
to be transmitted to the'édjacent number of optical
fibers, optical lossican be suppressed by the optical
leakage preventing means, and in addition, light points at
the rear ends of the optical fibers can be arranged along
the periphery of the existing sign board, so that.
existence of a fire hydrant or the like is made readily

visible.

_—...-«-Ma—- .
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are arranged crossing each other, and each bent at a prescribed curvature.
Accordingly, the space between the first and second support nenbers 4la and .
41b can be made narrow. The sane applies to the first and second panels 15a
and 15b fixed on the first and second support nenbers 4la and 41b shown in
Fig. 5. Therefore, in

-1 -
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the clains, the first and second support nenbers 4la and 41b of Fig. 2 and
the first and second panels 15a 36 and 15b of Fig. 5 are generally
referred to as first

19 SEP 1996




and second hol ding plates. Fig. 15 shows a nodi fication of t he
self-light-emtting 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 nenbers 4la and 41b of Fig. 5, in accordance with the
modi fj cation. An optical fibre 7 is inserted
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to a through hole 5 of the panel 15, epoxy resin adhesive 32 prepared by

m xi ng a main agent and a hardener is applied, and then by using a hair
dryer, a hot wi nd of about 80[err]Cto 90[err]C is blown for about 1 mnute
to the portion of the optical fibre inserted in the through hole 5 and bent
portion 33 of the optical fibre.

- 4 -
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When the optical fibre is fornmed of acryl, it is necessary to bend the
optical fibre with the curvature of 100d<r at a room tenperature, where d
represents the dianeter and r represents radius of curvature of the optical
fibre. However, by heat treatnent performed in the present i nventi on,
degr adati on of opti cal

- 5 -
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characteristics of the optical fibre (acryl), that is, light transmttance,
refractive index and so on, caused by strain and stress generated at the
bent portion can be prevented, and at the sane tine,
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37 ‘degradation of nechanical characteristics can al so be prevented.
Therefore, the optical fibre can be bent with the curvature of

70d[ err]<100d. Further, the tinme of hardening of the epoxy resin used for
adhesi on can be reduced. Fig. 16 shows another nodification. The exanple

..7_'
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of Figr 16 is approkinately the same as that of Fig. 15, except that the
optical fibre 7 is heated and kept at the heated tenperature 40[err]C to
50[err]C for about minute in advance so as to shape.the fihregsraid then the

.....

%?%ﬁﬁﬁﬁﬁﬁﬂﬁ?ﬁﬁ

?eeﬂrU'Figs. 17A and 17B.

optical fibre 7 is inserted to the through hole
nodi fication is described hereinbelow with refel
Fig. -8 - !
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17A shows a state in which optical fibre 7 is inserted to the first panel
15a of Fig. 5. GCenerally, the relation Dlerr]4d nust 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 dianmeter of the optical fibre.

In this nodificati.on, the relation
- 9 - -
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Derr]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 dianeter of the optical fibre. (Sixth Enbodi ment) Fig.
19 is a partially exploded cross section of '

- 10 -
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38 another self-light-emtting indicating apparatus. Mre specifically,
Figs. 19A 19B, and 19C show t he nmanner of assenbly of tubul ar body 42,
optical fibre 7 and lid 43. The tubular body 42 of Fig. 2 and first

- 11 -
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and second support nenbers 4la and 41b of Fig. 2 are forned 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 fromthe
protruded ends of optical fibre 7. Further, the lid 43 is al so protruded,
with alittle wder width, fromthe protruding end of optical fibre 7, as

- 12 -
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t he 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 wi dened portion of the lid 43, even when the self-light-emtting

I ndi cating apparatus falls down. (Seventh Enbodi nment)

- 13 -

FIG. 14A FI1G. 14B
7a 7b
|

]

Lla—— 41b

L

REPLACEMENT SHEET

33~, |
19 SEP 1996

5
\ ' i :i:iiii:iﬁm”!!!!!”: ' S

ERDSSE |

FIG. 16
|
15

\ TR 5




Fig. 20 is a partial perspective view of a further self-light-emtting

I ndi cating 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 fromthe
self-light-emtting .indicating apparatus, by extending a lead 39, and netal
fitting 6 is provided inside the tubular body 42.
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As described above, an indicati ng apparatus is 39 fabricated by using a
smal | nunber of light emtting diodes, acryl optical fibres having tip ends

adj acent
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.to the diodes and optical
the conventional nethod of point |ight sources of
optical energy can be transmtted efficiently,
provided in a wi de range al ong characters,
sign board by neans of the optical

| eakage preventing neans,

synbol s
fibres. The
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‘inproving visibility is remarkabl e, and in addition, power consunption can
be significantly reduced. Since light reflecting nenber is provided around
the light emtting diode or electroless plating is perforned on the |ight

emtting diode, optical

fibres are arranged

| oss can be suppressed. Further, as the optical

it s s s s st .
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crossing with each other and optical fibres are subjected to heat
treatnent, the optical fibres can be bent at the curvature of 70[err]<100d,
which is far |arger than usual, while not inpeding nechani cal
characteristics and physical characteristics such as light transmttance,

I efr-aettyet the like. Therefore, the space between opposi ng panel s
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narrowed, and the appar atus can be nade conpact. by the hea
treatnent, the time necessary for hardening the epoxy resin used for
adhesi.onlcan_he 40 :
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BACKGROUND OF THE INVENTION

Field of the Invention

The present invention relates to an optical leakage
preventing apéaratus for connection-between an opﬁical
fiber and a light emitting diode, and to a self light-
emitting indicating apparatﬁs 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 1J..ght emlttlng 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'apéaratus 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 seli-



reduced. Further, since an auxiliary plate is attached at a prescribed

di stance on the holding plate for attaching the optical fibres, the

mat eri al can be saved and the wei ght can be reduced. Further, since at

| east one of the Iid and the extended portion of the tubular body is set to

2 14 NGV 1997

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 operatién, whether-the
initial operation can be started quickly or not is of
critical importance for successful fire fightiﬁg.
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 ié often the case that even when a fire
hydrant could be found quickly, there is a car parked on
the hydrant. Therefpre,.it is also important to attract
attention of the drivers so that the drivers park their
cars away froﬁ 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



little protruded fromone end of the optical fibre protruding fromthe

t hrough hol e of the support nenber, the tip end of the optical fibre my
not be danaged even when the self-llght enlttlng |nd|cat|ng apparatus falls
down. In the self-light-emtting indicating appargtus—g-Hratri-ng hole is
provi ded at a | ower portion of the TREPLACEN G

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. 63-295659 proposes a technique for a sign
indication'employing a light emitting diode and optical
fibers. 1In 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.



encl osure of the self-light-emtting indicating apparatus, and therefore,
rain drops or the |ike do not gather. Further, by making |long the | ead, the
solar cell can be placed at an arbitrary position, for exanple on a fixed
body provided close to the self-light-emtting jndicating apparatus in

advance, so as to enabl e nost RE?LA{E%&EN}‘SHEET
4 14 NOV 1997

When the edges of the plurality of optical fiber bundles
are directly brought into contact with an end suriace of
the light emitﬁing diodé SO as ﬁo 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
techniqﬁe, the displayed charécters or figures have'uneven
luminance.

Further, road signs, advertizing sign boards and so
on placed outdooré 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 coﬁntermeasures
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



efficient reception of the sun light. 41 Having thus described the
present invention by reference to several particul ar enbodi nents, it is to

REPLACEMENT SHEET
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light emitting diode is used directly as one lighting
point in any of the conventional examples, the same numbexr
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
haviﬂg the diameter of 646mm at a pitch of about 118mm,
'powei 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
impiemented by solar cell modules commercially available
at present, the size would be about 220x200mm, which is
too large for a guide sign having thé 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 emittinq diodes used is
increased, not only the number of solar cells but power
consumption of the cell is increaséd, the cost as a whole
is increased, and thus éhis 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



be appreciated that the described enbodi ments are exenplary only and are

susceptible to nodification and variation mﬁthoutggﬂyyjmmﬁwaHEET1e scope

of the invention as determ ned by the appended cl
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to the curvature of bending the optical fiber, since the
optical fiber encounters internal stress and the
efficiency in éransmitting 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-emittiné
indicating apparatus, causing possiblg 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 in&icating apparatus having illuminating

apparatus must be newly provided.



42 CLAIMS: 1. An optical |eakage preventing apparatus used for connection

bet ween a bundl e of optical fibres and a light emtting diode, said
apparatus conprising: a holder conprising a through hole of circular
cross-section and a netallic light reflecting surface

’ REPLACEMENT SHEET
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SUMMARY OF THE INVENTION

It is desired to reduce 1leakage 1loss 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 inventien,
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
reflect'ing surface provided at an inner periphery of
the throuéh 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



provi ded at an inner periphery of the through hole; a bundl e of opti cal
fibres fixed in said through hole of said holges—anmm g I G n1tt|ng

di ode inserted and fixed in said through hol RE?LA“U“é“ | 9¥pposi ng to,
and spaced apart by a small distance for light JdTTusion from gedges of the
optical fibre bundle inserted and fixedg 1 q4NOV 997 |
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aluminium or the like. The light reflecting surface
may be provided on a side surface of the 1light
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 compr_ising: an optical fibre holdér
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 ;n 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 thé
light emitting diode holder; a.ligﬁt enitting diode
inserted and fixed in the second through hole of the
light emitting diode hqlder; and fixing means for
clamping the optical fibre holder and the 1light
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



in said through hole, wherein the dianmeter of the through hole, the outer
di aneter of the bundle of optical fibres and the outer dianeter of the
light emtting diode are approximtely equal. 2.  The optical | eakage

preventing apparatus according to claim1, whekelnwsaig. ef | ecti ng
surface conprises a 9 REPLACEMEN’]‘ HEET
14 NOY 1997
equal. o Do e,

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 1leakage
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 1light
reflecting surface such as a metal film formed by
electroless plating, a metallic refiective 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



netallic filmformed by electroless plating. 3. The opti cal | eakage
preventi ng apparatus according to claiml or 2, wherein said netallic

light 43 s
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fibres by the electroless plating on the side surface
of the 1light emitting diode, and is transmitted
through the optical fibre. Therefore, the light does
not leak to the outside at the connection bgtwéen 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 presént 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 ihcreased, solar cells and
storage batteries having large capacity beéome_
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,



reflecting surface is provided on a side surface of the light emtting
di ode. 4. The opti cal | eakage preventing_m"amughggggwggggrding to
e o e ey PRI .
p ¥ EM ,

claiml, wherein said light reflecting surface {§ 3 P58 ,‘
reflective sheet inserted onto the inner periphé il 7= 3
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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 Dbattery, in wview of the fact that a
nickel-cadmium storage battery or the_like has its
charéing 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 haif or every two years.

Also, it is desired to provide a technigue which
can solve the problem that tip ends of the optical
fibres inserted into through holes of the holding
plate such as the support méﬁber-or the panel are
damaged when the self-light-emitting indicating
apparatus for attracting attention to the sign of a
fire hydrant- or the 1like 'haﬁpens to fall down.
Furthermore, it would be useful to provide a technique
for solving the problem of water éathering 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 cbmbining a pair of semi~tubular bodies opposing to

each other having first and second waterproof support



5. The opti cal | eakage preventing apparatus according to claim1,
wherein said light reflecting surface conprises a netaI"Lnant4ln1of
aluminiumor the like inserted onto the innerizi&k L Rerng it hr ough
hol e. 6. An optical |eakage preventing appafy necti on

bet ween a bundl e of optical fibres and £
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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 portiqn 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 mneans; (g) power .supply for the 1light
enitting 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 bedy 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



light emtting diode, the apparatus conprising: an optical fibre holder
conprising a first through hole of circular cross section; a bundle of
optical fibres inserted and fixed in said first thr e« a | ight
enmitting di ode holder conprising a second t hyptokrd BELlcul ar cross
section at a position 13 : -
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of optical fibres contained in the céntainer 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 1leakage preventing means; (e) a
power source for the light emitting diode; (f) a 1lid
covering the container portion; and (g) a metal
fitting attached to the 1lid 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 examplé, can be clearly
indicated especially when the 1light 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 prevenﬁing means of

the light emitting diode is implemented by the above



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

metallic |ight REPLACEMENT SHEET
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described éptical 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 1light
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 1lid or the suppért member.

In the éelf-light4emitting indicating apparatus
in accordance with another embodiment of the above
divisional application, at ieast 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. ,



reflecting surface at an inner periphery of the second through hole of the
light emtting diode holder; a |ight en1tt|ncﬁghgdamgnseLLed_amd fixed in

t he second t hrough hol e of t he | i ght enlttlncdéwgggﬁhﬁﬁﬁéghﬁﬁﬁﬂ fixing
means for clanping the optical fibre holder gng=fe=trght—emt{ing di ode
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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 1light
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 ané 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



wherein the dianeters of the first and second through holes, the outer
di anmeter of the bundle of optical fibres and the outer djaneter of the
light emtting diode are approxi mately equaly - : SHEEK al | eakage
preventing apparatus according to claim®6, ing: a netallic
light reflecting surface at an inner 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 iight emitting
diode.

In addition, when holding plates such as panels
or supéort 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 refraétive 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



periphery of the first through hole of said optical fibre.-holder. 8.

opti cal

| eakage preventi ng apparatus a féﬁpdggp\,ﬁm Cbgﬁﬁi 5 or 7,

wherein said |ight reflecting surface of sai
t hrough hol es each conprise a netallic fil m florlmed bXG\?ﬁ&}r)
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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 opt.ical fibre is
bent with a prescribed curvature by lexternal 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

AR |l second

The

¢ss plating.



9. The opti cal | eakage preventing apparatus 45 according to
claim6, 7 or 8, wherein said second |ight 8ok S hkake i s provided
on a side surface RﬁEEyCENﬂ%TF%Qﬁﬁ=”
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keeping at the heated temperature for a prescribed
time peried; (c) a 1light 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<r<100d 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, incluées
(a) a holding plate'having an auxiliary élate 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 fibref and (d) a power
supply for the light emittinq_diode; in which the
relation D24d holds, where d rep;esents 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.



of the light emtting diode. 10. The optical = |eakage preventing
apparatus according to claim6 or 7, wherein said light reflecting surfaces

e

of said first and/or said second through hol es_ecach-eanmpise-aimetal lic
reflective sheet inserted onto the inner peri@ﬁﬁﬁ}(ﬁﬁﬁﬁ@“§;;ﬁist and/ or
sai d second through 19 i
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The above and further features of the present
invention are set forth in the appended claims andg,
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 v-iew showing a
self-light-emitting indicating apparatus for a guide
sign incorporating an optical 1leakage prevention
apparatus embodying the present inventi.on;

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 Qiew 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-



hol e respectively. 11. The optical |eakage preventlng g@@nsraccordlng to

claim6 or 7, wherein said light reflecting s £ Ww%%prst and/ or

sai d second t hrough hol es each conprise a net gh abe=ef al um ni um or

the like inserted onto the inner periphery ofls |d1£%{st d/pr{ sai d second
20
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X of the self-light-emitting indicating apparatus
shown in Fig. 4;

Fig. 7 is an exploded éerspective.view at the
time of assembly of the self-light-emitting indicating
apparatus shown in Fig. 4;

Fig. 8 is an expleded perspective view of the
metal fitting shown in Fié. 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.\lo 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 1light is
diffused using the optical leakage prevention
apparatus of Figs. 9 and 10;

Fig. 12 shows another modification of the optical
leakage preventing apparatus embodiring 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



t hrough hol e respectively. 12. The optical | eakage preventing
apparatus according to any of clains 6 to 11, S g -
intercepting/light refracting packing is interp my‘ Aﬂhﬂﬂﬁggqﬁﬁﬁi opt i cal
fibre holder and said light emtting diode holdgr} "
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preventing apparaﬁus 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 énother
self-light-emitting indicating apparatus ;-

Fig. 20 1is 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
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The

opti cal | eakage preventing apparatus according to any

of clains 6 to 12, wherein a prescribed small space is.provi-ded-fer. |ight

di ffusi on between a front surface of said |ight REPLA&E%AENT’SHEET
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holder 2 on which a solar cell module 1 is fixed is
attached above first and second support members 4la 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 firxst and
second support members 4la and 41b. 1In 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 4la and 41b and fixed by an epoxy
resin at the support members 4la 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 iﬁner tubular body 42 formed of an ABS
resin and by the first and second support members 41la and
41b, two light emitting aiodes (having the diameter of
10mm) 8a, 85, 102 optical fibers 7, wires and so on are
contaiﬁed. At a peripheral portion of support members 4la.
and 41b, arm attachment fittings 6 are fixed, by which arm
attachment fittings 6, the apparatus can be attached on
attachment arms lla, 1lb and 1llc of an existing fire

hydrant sign board 10.



emtting di ode and opposing faces of the edges of said bundle of optical
fibres. 14. The opti cal | eakage preventi ng apparatus _according to

any of clainms 6 to 13, wherein said fixing neq T __qg1 and a nut.
15. The optical | eakage preventing afl fhﬁﬁEwgﬁﬁhﬁﬂE# to any of
claims 6 to 14, wherein said -
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Fig. 2 is a perspective view illustrating the inside
of the apparatus showing the ‘'support members 4la and 41b
covered by a band shaped 1lid 43.

Here, trailing edge of optical fiber 7 may be C
protruded to the side of the outer wall from the side of
the inner wall of the internal tubular body 42 for
flickering. Fufther, 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 poriion of the pole 12a, attachment arms
lla, 11b and llc fixed by welding on the ring shaped-
portion 1l2a, and a sign board 10 of iron having the
thickness of about lmm, fixed on the attachment arms lla,
11b and 1llc 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 Fié. 1, by attachment fittings 6 of
the ring shéped light emitting body, the ring shaped light
emitting body is pressed against the attachment arms lla,
11b and 1llc 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



apparatus is arranged to optically connect a plurality of bundl es of
optical fibres with a plurality of light emtting di odes,..t8= The
opti cal | eakage preventing appar at us aceergt g "'flgﬂﬁﬁi 5, wherein
said optical fibre holder and said di ode hol dgtiitad Me==a= urality of
t hrough hol es provided therein, and said appakafus
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attachment arms lla, llb and llc. More specifically, in
the recessed portion 6a of the attachment fittings 6,
attachment arms lla, 1lb and 1llc are fitted, bolts are
inserted to attachment holes 6b, and the attachment
fittings 6 are fixed on attachment arms 1la, 1llb and llc
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 cénstruction'sites or the like
where commercial power supply is not available,
'temporarilx oxr permanently; |

Accoxrding 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 nigﬁt, the inventor
performed an experiment in which the diameter of the
optical fibér, the interval for arrangément of the optical
fibers, current consumption of the light emitting diodes
were changed variously, and luminance from the distance of
100m 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



further conprises a plurality of bundles of optical fibres each
respectively inserted and fixed in said plurality of through hol es of said
optical fibre holder, and a plurality of light emtting di odes each
respectively inserted and fixed in said plurality of
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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 fiitings
6, directly on the existing fire hydrant sign boarxd 16.

Since attenuation of Light intensity can be neglected
because of the combination of the.light emitting diode and
‘the optical fiber, and liqht 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 weil as that of the solar cell.

Further, the quide sign described above is suitable



47 through holes of said diode holder. 17. The opti cal | eakage
preventi ng apparatus according to any preceding claim wherein said |ight

emtting diode is fixed by solder on a copper QE%UAC%MW’PSH%?& boar d.
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for various and wide applications such as various rocad
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.

Oon 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 41la 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, charaéters 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 1S5b 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



18. The opti cal | eakage preventing apparatus according to any
preceding claim wherein the optical fibre holder conprises a synthetic
resin. 19. An apparatus substantially as herein described with reference to
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7 of acryl are inserted and fixed for indicating

~ characters or signs as needed. At engaging recessed
portions l4la 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 1l4la and 141b provided at both
ends of the other semi-tubular body‘42b, remaining halves
of the first and second panels 152 and 15b are engaged and
fixed, respectively. On the inner side of the first panel
15a, an optical leakage preventing apparatus 17 for .
cbnnecting the light emitting diode 8, which will be
described later, is attached. 1In 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 tu;ning.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 pfovided 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
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part exchange. Base 23 of the attachment fitting 21 is
fixed by welding on the second'panel 15b of aluminum.'

Since one eqd 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. 1If the view angle is to be
further widened, the end of .the opticéi 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 pqrtions l4la 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 possiﬁility of water
entering the container portion. Meanwhile, it is
necessary to let external air in or it is necessary fo
prevent mist drops from being gathergd, a small fhrough
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 a;ﬁminum 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-circuiar bodies 42a and 42b, and
the connecting plates are fixed by inserting eyelets 53a

and 53b in fitting holes Sla and 5lb of semi-tubular
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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 thém, before solar cell module 1 is attached to
solar cell holder 2.

As shown in Fig. 8, fhe 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 thexreof. Therefore, fitting 21 is
inserted to space P from the direction of the arrow B with
the vis 22a inserted to the threadéd hole 2la, and it is
fastened on the L-shaped fitting by means of nut 22b.

With regard to the self-ligﬁt-emitting indicating
apparatus shown in Figs. 6 and 7 as well, solar cell
holder 2 and semi-tupulaf bodies 42a and 42b with each
other and then inserting eyelets S4a 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,
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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 pie&e
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'l 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 prdvided for preventing
flow of excessive current to the storage battery 16

when light emitting diode (LED) 8 is short-circuited,
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(in this embodiment, 18 to 20mA) to the LED (in this
embodiment, 100Q).

Since a nickel cadmium storage battery degrades
whén 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 1lid 20 for part exchange.
However, since the pole is positioned jusﬁ on the lid
for part exchange, the lid for part exchange cannot be
readily opened, which is an effective theft deterrent.

(Thi:d Embodiment)

An embodiment of the present invention willnse
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 1light reflecting member 26 in the form of
electroless plating, light reflgcting 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 bundlés 70 are
adhered and fixed by means of an. adhesive. At a
position opposing to the edges of the optical fibre
bundles 70 iﬁsgrted and fixed in the through hole, a
light emitting diode is fixed by means of an adhesive,
with a érescribed small space (0.5-2mm) for light

diffusion.



IREELACEMENT SHEE
14 NOV 199/

32

s, B, oo

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 thé 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 1luminance 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 lLolder
25 of synthetic resin is provided with a 1light
reflecting member 26 in the form of electroless

plating, light reflecting sheet or a metal
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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_epéxy resin is
applied over about Scm from the tip end of the opfical
fiber bundle, the optical fiber bﬁndle is inserted to the -
holder 25 of the synthetic resin and érotru&ed 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-fiﬁished. On the inner
peripheral surface of the through hole';f the light-'
emitting diode holder 27, light reflgcting 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 di;&e 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 ihterposed, and together with
the light emitting diode holder, it is fastened and fixed

by means of bolts 30a and nuts.30b. Since there .is
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provided the 1light intercepting/light reflecting
packing 29, the 1light 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 o.f "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 prese‘nt inventioﬂ 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.
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(Fifth Embodinent)

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 4la and 41b of the tubular
body 42 shown in Fig. 2, opticél fibres 7a and 7b are
provided crossing each other, so as to make narrower
the distance between the first and second support
members 41la and 4ib. More specifically, optical fibre
7a inserted to the through hole 5 of the first support
member 4la 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
firét support member 4la, while both optical fibres
are arranged crossing each other, and each bent at a
prescribed curvature. Accordingly, fhe space between
the first and second support members 4la 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 41la and 41b shown in Fig. 5. Therefore, in
the claims, the first and second support members 4la

and 41b of Fig. 2 and the first and second panels 15a
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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. S5, 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°C to 90°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 radiué 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,
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degradation of mechanical characteristics can also be
prevented. Therefore, the optical fibre can be bent
with the curvature of 704<r<100d4. Further, the time
of hardeﬁing 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°C to 50°C for about 1
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>4d must be satisfied to fix the optical
fibre at a prescribed angle as shown in Fig. 173,
where D represents the thickness of the panel (or
holding plate) and d represents thé diameter of the
optical fibre. In this modification, the relation
D244 only has to'be satisfied, where D represents
distance from an outer surface Q of panel 15¢c 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
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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 4la and 41b of Fig. 2 are
formed integrally, and the tubular body 42 is extended
as it is to pfovide extended portions 38a and 38b.
The extended portions 38a and 38b are little protruded

from the protruded ends of optical fibre 7. Further,

the 1lid 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 wvirtue 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 1lid 43, even when the
self-light~emitting indicating apparatus falls down.

(Seventh;Embodiment)

Fig. 20 1is a partial perspeétive 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

.0."
&2
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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 curvaﬁure of 70d5r<106d, 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
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Further, since an auxiliary plate is attached at

reduced.

a prescribed distance on the holding plate for
att;aching 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 fibré 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 positién, 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.
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1. An optical leakage preventing apparatus used for
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connection between a bundle of optical fibres and a
light emitting diode, said apparatus comprising:

a holde; 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 1leakage preventing apparatus

according to claim 1 or 2, wherein said metallic light



REPLACEMENT SHEET|

IO O O = 1.4 N0V 997

R i aul PP DURISFRRTSPIE 4

AN b o Tkl JRAN ST

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 1;ght 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 cémprising a first

through hole of circular cross section;

a bundle of optical fibres inserted and fixed in
said first through héle;

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
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optical fibre holdef, 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 1light 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 éreventing apparatus
according to claim 6 or 7, wherein

said 1light 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

This Sheet Has Been Rerlace
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according to claim 6, 7 or 8, wherein said secong
light reflecting surface is provided on a side surface

of the light emitting diode.

10. The optical leakage preventing apparatus
according to claim s.or 7, wherein

said 1light reflecting surfaces of said first
and/or said second through holes each comprise a
metallic reflective sheet inserted onto the inner
pefiphery of said first and/or said second through

hole respectively.

11. The optical leakage preventing means according to
claim 6 or 7, wherein

said 1light 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 1leakage 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 saig

light emitting diode holder.

is Sheet Has Been Re\ilaced
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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 1light
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 1leakage preventing apparatus
according to any of claims 6 to 14, wherein said
apparatus is arranged to opti;ally 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 sa.id 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
————-——.'“—"__‘—__—_'——
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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 1leakage 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.
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IMPROVEMENTS RELATING TO SIGN ILLUMINATION
ABSTRACT OF THE DISCLOSURE

A self-light-emitting indicating apparatus includes
an enclosure formed by combining a pair of opposing semi-
tubular bodies, each having first and second support
members pésitioned at.both'ends; first and second panels
fixed on the first and second support membefs
respectively, at least one of the first and second panels
having a plurality of through holes and or having a sign
indicating portion; a plurality of optical fibers
contained in a container portion defined by the enclosure
and the first and second panels, each having one end'.
inserted and fixed in one of the plurality of through
holes provided in at least one of the first and second
panels, and a light emitting diode contained in the
container portion, arranged adjacent to tﬁe other end of
the plurality of optical fibers which are bundled and cut,
and having an optical leakage preventing means. By this
structure, when the lighﬁ from the'ligﬁt emitting diode is
to be transmitted to the adjacent number of optical
fibers, optical loss.can be suppressed by the optical
leakage preventing means, and in addition, light points at
the rear ends of the optical fibers can be arranged along
the periphery of the existing sign board, so that
existence of a fire hydrant or the like is made readily

visible.
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Having thus desé:ribed 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 modilfication and
variation without departure from the scope of the

invention as determined by the appended clainms.
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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 holde; 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 1light 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
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reflecting surface is provided on a side surface of

the light emitting diode.

4. The optical leakage preventinq apparatus
according to claim 1, wherein

said 1light reflectiné 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 opticai fibres and a
light emitting diode, the apparatus comprising:
an optical fibre holder cémprising 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
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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 1leakage ©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 1light :eflecting surface of said first
and/or said second through holes each comprise a

‘metallic film formed by electroless plating.

9. The optical 1leakage preventing apparatus
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according to claim 6, 7 or 8, wherein said secong
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 reflectihg surfaces of said first
and/or said second through holes each cémprise 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 1light 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

thrbugh hole respectively.

12. The optical 1leakage préventing apparatus
according to any of claims 6 to 11, wherein

a light intercepting/light refracting packing is
interposed between said optical fibre holder and saig

light emitting diode holder.
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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 1light

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 opticall? connect a plurality

of bundles of optical fibres with a plurality of light

enitting diodes.

16. The optical leakage preventing apparatus
accordin§ to claim 15, whérein 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
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through holes of said diode holder.

17. The optical leakage preventiné apparatus
according to any preceding claim, wherein

said light emitting'dicde is fixed by solder on

a cdpper 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.
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IMPROVEMENTS RELATING TO SIGN ILLUMINATION
ASSTRACT OF THE DISCLOSURE |

A self-light-emitting indicating apparatus includes
an enclcsuﬁa formed by combining a pair of opposing semi- -
tubular bodies, each having first and second support
members positioned a:.both ends; first and.seccnd panels
fixed on the first and second support members
respectively, at least one of the first and second panels
having a plurality of through holes and or having a sign
indicating portion; a plurality of optical fibers
contained in a container portion defined by the enclosure
and the first and second panels, each ha&ing one end
inserted and fixed in one of the plurality of through
holes provided in ét least one of the fi#st and second
panels, and a light emitting diode contained in the
container portion, arranged adjacent to the‘other end of
the plurality of optical fibérs which are bundled and cut,
and having an optical leakage preventing means. By this
structure, when the light from the light emitting diode is
to be transmitted to the adjacent number of optical
fibers, optical loss can be suppressed by the optical
leakage preventing means, and in addition, light points at
the rear ends of the optical fibers can be arranged along
the periphery of the existing sign board, so that
existenée of a fire hydrant or the like is made readily

visible.

Fig. 1.



