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(54) Light emitting diode lighting appliance and light emitting diode emergency light using the

same

(57)  An LED lighting appliance (1,26) is provided
with; a housing (6) having an open end and a bottom
(6a), an LED (2), a lens (3), and a lighting device (8,27)
for lighting the LED (2), respectively accommodated in
the housing (6), wherein the LED (2) is placed to the
bottom (6a) of the housing (6), the lens (3) has a barrel-
shape body having a concave incidence end (3a) direct-
ly facing the LED (2), a generally flat exit end (3b) ex-
posing to the open end and a sidewall (3c) bulging in a

barrel-shaped, wherein the concave incidence end (3a)
is defined that a light, emitted from the LED (2) and en-
tered in the barrel-shape body at around the center of
the concave surface (3a), performs substantially a total
reflection on a major portion of an interface defined by
the sidewall (3c), and the reflected light refracts at the
exit end (3b) and exits from the barrel-shape body in the
receding direction from a central axis of the barrel-shape
body.
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Description

[0001] This application is based upon and claims the
benefit of priority from the prior Japanese Patent Appli-
cation JP2003-342134 filed on September 30, 2003, the
entire content of which is Incorporated herein by refer-
ence.

[0002] This invention relates to a light emitting diode
lighting appliance and a light emitting diode emergency
light using thereof.

[0003] A light emitting diode (hereinafter, referred to
as LED) light source and an LED lighting appliance it
was made to make the light emitted from LED glare in
the predetermined direction with a lens are known. For
example, PCT/JP2002-543594 A discloses an LED light
source with lens attached on a transparent resin body
covering an LED, for condensing lights emitted from the
LED to enhance the light of beam.

[0004] In the LED light source with lens, has only a
feature of condensing lights emitted from the LED.
Therefore, in the LED light source with lens it is difficult
to take a batwing luminous intensity pattern.

[0005] JP1I-162232A discloses an LED lighting appli-
ance comprising an LED array module with a plurality
of LEDs and a lens plate opposing to the LED array mod-
ule, wherein an illumination angle of light emitted from
the LED array module is controlled by the lens plate.
[0006] However, inthe LED lighting appliance, itis dif-
ficult to control the overall illumination intensity pattern
of the lights illuminated from the plurality of LEDs. Fur-
ther, the LED lighting appliance is hard to be miniatur-
ized. Therefore, the LED lighting appliance is not suita-
ble for use of ceiling-mount emergency light.

[0007] Generally, a ceiling-mounted type and a ceil-
ing-recessed type lighting appliance are required to
equally illuminate a prescribed floor range around a por-
tion directly below the appliance. Therefore, the lighting
appliance needs to have a so-called batwing luminous
intensity pattern in which a luminous intensity on the
light axis of the lighting appliance is low but the luminous
intensity rises with increase of distance from the light
axis. Especially an emergency light needs to have this
batwing luminous intensity pattern.

[0008] There is known a lighting appliance in which
the light emitted from a light source reflects on a reflec-
tor, and the light has a batwing luminous intensity pat-
tern as a whole. However, it is very difficult to form the
reflection surface of the reflector in a curved surface for
taking a required illumination intensity pattern.

[0009] Then, there is known LED lighting appliances
as shown in Figs. 6 and 7. In the appliances, a lens 51
formed in a round bun shape which is defined a reces-
sion in the center, is arranged in the front of LED 50, and
alight applied to the lens 51 from the LED 50 is refracted
in a lateral direction, thereby the LED lighting appliance
takes a batwing luminous intensity pattern. Since in the
LED lighting appliances, as shown in Fig. 6, the lens 51
projects down from the ceiling in the state that the ap-
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pliance is mounted in the ceiling, the LED lighting appli-
ance 52 has a problem of bad appearance. Since in the
LED lighting appliances 55, as shown in Fig. 7, the un-
dersurface of the appliance and the entire of the lens 51
expose at the ceiling, in the state that the appliance is
mounted in the ceiling, the LED lighting appliance 55
also has a problem of bad appearance.

[0010] The presentinvention has an object to provide
an LED lighting appliance and an LED emergency light
using thereof both having favorable batwing luminous
intensity pattern, and good appearance, in the state of
mounted on the ceiling.

[0011] In order to achieve the object, an aspect of the
LED lighting appliance according to the present inven-
tion is provided with; a housing having an open end and
a bottom, a LED, a lens, and a lighting device for lighting
the LED, respectively accommodated in the housing,
characterized in that the LED is placed to the bottom
side of the housing, the lens has a barrel-shape body
having a concave incidence end directly facing the LED,
a generally flat exit end exposing to the open end and
a sidewall bulging in a barrel-shape, wherein the con-
cave incidence end is defined that a light, emitted from
the LED and entered in the barrel-shape body at the
concave surface, performs substantially a total reflec-
tion on a major portion of an interface defined by the
sidewall, and the reflected light refracts at the exit end
and exits from the barrel-shape body in the receding di-
rection from a central axis of the barrel-shape body.
[0012] Inthe presentinvention and in the following re-
spective invention, the definition and the meaning of the
technical terms are as follows, as far as no special notice
is mentioned. The LED can be used by only one, or a
plurality of LEDs is used in used in collected in a small
area.

[0013] A phrase "--- has a circular section in the ver-
tical plane to the central axis" means that a lens is rota-
tionally symmetrical in relation to the central axis of the
lens. Lenses may be made of transparent grass or resin.
[0014] Lighting devices can be located in any position,
e.g., inahousing, on an outside of housing, or a position
distant from the housing.

[0015] According to the fist aspect of the invention, a
part of lights entered into the lens from the LED exits in
the receding direction from the central axis of the lens.
Therefore, sufficient illumination intensity is obtained at
a position remote from the portion directly under the
lighting appliance. Since a major part of the lights en-
tered into the lens performs a total reflection on the in-
terface defined by the sidewall of the lens and exits from
the lens, high illumination efficiency is obtained.
[0016] Another aspect of the LED lighting appliance
according to the present invention is characterized by
that the concave incidence end is defined in a cone-
shaped hollow so that the light entered in the barrel-
shape body around a central portion of the incidence
end, and an angular separation of the cone-shaped hol-
low is defined that the light entered in the barrel-shape
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body around the center of the incidence end, performs
substantially a total reflection on an exit end side portion
of the interface.

[0017] A suitable angular separation of the cone-
shape hollow is defined in accordance with the distance
between the incidence end of the lens and the LED.
[0018] According to the second aspect of the inven-
tion, since the entire of the light entered into the lens
performs a total reflection on the Interface defined by
the sidewall of the lens, moreover a high illumination ef-
ficiency is obtained.

[0019] More another aspect of the LED lighting appli-
ance according to the present invention is characterized
by that the lens is defined that the light, performed sub-
stantially a total reflection on the interface, exits from
the barrel-shape body in parallel to the central axis of
the barrel-shape body, and the exit end is made larger
in diameter than the incidence end.

[0020] According to the third aspect of the invention,
a part of the light entered into the lens exits from the
lens in the direction parallel to the central axis of the lens
without bouncing on the interface. Therefore, high illu-
mination intensity is obtained around the portion directly
under the LED lighting appliance.

[0021] Still another aspect of the LED lighting appli-
ance according to the presentinvention is provided with;
a housing having an open end and a bottom, an LED, a
lens, a lighting device lighting the LED, and a support
member for supporting the lens, respectively accommo-
dated in the housing, characterized in that the LED is
placed to the bottom of the housing, the lens has a con-
cave incidence end directly facing the LED, an exit end
made larger in diameter than the incidence end and a
sidewall shaped that a major part of lights, emitted from
the LED and entered in its body, performs substantially
a total reflection thereon, and the reflected light exits
from the barrel-shape body through the exit end in the
receding direction from a central axis of the body, and
the support member supports the exit end of the lens.
[0022] By increasing the depth of the concave of the
incidence end, much more light from the LED can be
entered into the lens.

[0023] By covering the sidewall of the lens with a re-
flecting film such as a metal film for preventing leakage
of light from the sidewall of the lens, moreover high illu-
mination efficiency can be obtained. Since the LED is
placed on an extension of the central axis of the lens,
the light emitted from the LED efficiently enters in to the
lens. Since the exit end of the lens is formed smaller
than the maximum diameter of at the middle portion of
the body, the exit end of the lens can be supported cer-
tainly and easily by the support member with the aper-
ture slightly larger than the exit end, without making the
lens project from the aperture.

[0024] According to the fourth aspect of the invention,
the light emitted from the LED efficiently illuminates the
objective surface to be illuminated, and a favorable bat-
wing luminous intensity pattern can be obtained.
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[0025] An aspect of the LED emergency light accord-
ing to the present invention is provided with; a housing
having an open end and a bottom, an LED, a lens, a
battery, a lighting device for feeding the LED with a DC
current from the battery at an electric power failure, re-
spectively accommodated in the housing, characterized
in that the LED is placed to the bottom of the housing,
the lens has a barrel-shape body having a concave in-
cidence end directly facing the LED, a generally flat exit
end exposing to the open end and a sidewall bulging in
a barrel-shape, wherein the concave incidence end is
defined that a light, emitted from the LED and entered
in the barrel-shape body at around the center of the con-
cave surface, performs substantially a total reflection on
a major portion of an interface defined by the sidewall,
and the reflected light refracts at the exit end and exits
from the barrel-shape body in the receding direction
from a central axis of the barrel-shape body.

[0026] According to the fifth aspect of the invention, a
floor portion distant from the portion directly under the
lighting appliance is illuminated at sufficient illumination
intensity. Furthermore, the LED is turned on by the bat-
tery at an electric power failure.

[0027] A more complete appreciation of the present
invention and many of the attendant advantages thereof
will be readily obtained as the same becomes better un-
derstood by reference to the following detailed descrip-
tion when considered in connection with the accompa-
nying drawings, wherein:

Fig. 1 is a schematic section of an LED emergency
light according to one embodiment of the present
invention;

Fig. 2 is a schematic front view of the LED emer-
gency light according to the present invention;

Fig. 3 is a wiring diagram of the LED emergency
light according to the present invention;

Fig. 4 is a schematic diagram illustrating light paths
passing through the lens shown in Fig. 1;

Fig. 5 is a schematic section of an LED emergency
light according to another embodiment of the
present invention;

Fig. 6 is a section of a conventional LED lighting
appliance; and

Fig. 7 is a section of another conventional LED light-
ing appliance.

[0028] The present invention will be described in de-
tail with reference to the attached drawings, Figs. 1
through 5.

[0029] First, the LED emergency light according to the
present invention will be described in detail later with
reference to Figs. 1 to 4.

[0030] Fig. 1 shows an LED emergency light accord-
ing to one embodiment of the present invention, in a
schematic section. Fig. 2 also shows the LED emergen-
cy light according to one embodiment of the present in-
vention, in a schematic front view. Fig. 3 shows wiring
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connectionsinthe LED emergency light according to the
one embodiment of the present invention. Fig. 4 shows
a schematic configuration of the lens in the LED emer-
gency light according to the one embodiment of the
present invention and light paths passing through the
lens.

[0031] Referring now to Fig. 1, the LED emergency
light 1 comprises an LED 2, a lens 3, a lighting unit 8, a
plurality of batteries 5, and a housing 6. The housing
has an open end and a bottom 6a. The LED 2 is accom-
modated in housing 6 on the center of a base 7 which
is mounted the bottom 6a of the housing 6. The LED 2
is a white light LED. The lens 3 has a barrel-shape body,
and is made of, e.g., glass. One end 3a of the lens 3 is
shaped concave with a cone-shaped hollow. The lens 3
directly faces the LED 2 at the one end 3a thereof. The
shape of the lens 3 will be described in detail later.
[0032] The lighting unit 8 comprises a lighting device
4, a battery charger 9, a switching circuit 10, an inspec-
tion switch 11, and a charge monitor 12. The lighting de-
vice 4 lights the LED 2 by feeding the LED 2 with a pre-
scribed current. The batteries 5 feed the lighting device
4 with a DC voltage.

[0033] A pair of AC power lines 13, 13 is led out from
the battery charger 9. These AC power lines 13, 13 are
connected to the commercial AC power source Vs. A
pair of DC power lines 14, 14 is led out from the battery
charger 9 or the lighting device 4. These DC power lines
14, 14 are connected to the batteries 5 through a con-
nector 15. The batteries 5 are connected in series with
each. And a fuse F1 is inserted in the series connection
of the batteries 5. A pair of lamp lines 16, 16 is led out
from the lighting device 4. These lamp lines 16 and 16
are connected to the LED 2.

[0034] The battery charger 9 is constituted to charge
the batteries 5. When the batteries 5 are fully charged,
the charge monitor 12 is turned on. The switching circuit
10 operates at an electric power failure, and connects
the batteries 5 to the lighting device 4. When a draw-
string thread 17 of the inspection switch 11 is pulled
down, the inspection switch 11 operates, and also con-
nects the batteries 5 to the lighting device 4. Therefore,
it is able to be checked whether the LED 2 is operable
or not at an electric power failure by operating the in-
spection switch 11.

[0035] As shown in Fig. 1, the housing 6 has a cylin-
drical shape with the open end in the lower surface so
as to be mounted to an opening 19 of a ceiling 18. Two
or more leaf springs 20 are fixed on the sidewall of the
housing 6. A ring-frame 21 is detachably attached to the
ceiling 18 around the opening 19 for supporting the
housing 6. After the housing 6 is inserted in the opening
19 of the ceiling 18, tip ends of the leaf springs 20 are
imposed against the back 18a of the ceiling 18 by their
own elasticity. Therefore, the leaf springs 20 hold the
ceiling 18 with the ring-frame 21 by the elasticity. Con-
sequently, the LED emergency light 1 is fixed to the ceil-
ing 18.

10

15

20

25

30

35

40

45

50

55

[0036] The ring-frame 21 is defined an aperture 22 in
their center to which the exit end 3b of the lens 3 expos-
es. The ring-frame 21 is also defined a slit 23 in their
center and a pore 24 in the middle of their center and
their peripheral. Through the slit 23, the drawstring
thread 17 of the inspection switch 11 is led out. The
charge monitor 12 faces the pore 24.

[0037] The housing 6 accommodates the LED 2, the
lens 3, the battery pack 5, and the lighting unit 8. The
LED 2 is located on an extension of the central axis of
the housing 6. The lens 3 is arranged in the housing 6
that the central axis of the lens 3 agrees with the central
axis of the housing 6. Therefore, the incidence end 3a
of the tens 3 directly faces the LED 2. On the other hand,
the exit end 3b of the lens 3 exposes the outside 21a
through the aperture 22 of the ring-frame 21. The bat-
teries 5 and the lighting unit 8 are fixed at the positions
in the opposite sides of the lens 3 with fasteners (not
shown).

[0038] Referring now to Fig. 4, the shape of the lens
3 will be described. As already described, the lens 3 has
the concave incidence end 3a with the cone-shape hol-
low. The exit end 3b is formed approximately in the flat
surface. The sidewall 3c of the lens 3 is thinned at the
sides of the incidence end 3a and the exit end 3b. While
the sidewall 3c bulges in a barrel-shape at its middle
portion. The lens 3 has a circular section in the vertical
plane to the central axis across the incidence end 3a to
the exit end 3b. The diameter of the exit end 3b is made
larger than that of the incidence end 3a. The concave is
defined that the cone-shape hollow of the concave inci-
dence end 3a has a predetermined angular separation
K1.

[0039] Whenthe LED 2 turns on, the light emitted from
the LED 2 enters into the lens 3 through the incidence
end 3a. A part of the light entered into the lens 3 per-
forms substantially a total inflection on an interface de-
fined by the sidewall 3c, and the reflected tights refracts
at the exit end 3b and exits from the body. Another part
of the light entered in the lens 3 is absorbed in the body.
[0040] The angular separation K1 of the cone-shape
hollow of the concave incidence end 3a is defined by
following conditions a, b and c.

[0041] a: As shown by the arrow lines A1, A2 in Fig.
4, the lights entered into the body at around the portion
between the center of the cone-shaped hollow and the
peripheral of the concave incidence end 3a performs
substantially a total reflection on a major portion of the
interface, and the reflected light refracts at the exit end
3b and then exits from the body in the receding direction
from the central axis of the body.

[0042] b: As shown by the arrow line B in Fig. 4, the
lights entered into the body at around the center of the
cone-shaped hollow of the concave incidence end 3a
performs substantially a total reflection on a portion of
the interface near the exit end 3b, and the reflected light
refracts at the exit end 3b and then exits from the body
in the receding direction from the central axis of the
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body.

[0043] c: As shown by the arrow line C in Fig. 4, the
lights entered into the body at around the peripheral of
the cone-shaped hollow of the concave incidence end
3a performs substantially a total reflection on a portion
of the interface near the incidence end 3a, and the re-
flected light exits from the body without refraction in the
direction parallel to the central axis of the body.

[0044] Here, since the diameter of the exit end 3b of
the lens 3 is made larger than the diameter of the inci-
dence end 3a, the light as shown by the arrow line exits
from the lens through the exit end, without g radiation of
the light shown by the arrow line C is carried out from
the exit end 3b, without bouncing on the interface.
[0045] The lights, as shown by the arrow lines A1, A2,
B and C, exited from the exit end 3b respectively emit
through the opening of the housing 6 and illuminate any
objective surface to be illuminated, such as floor. The
lights, as shown by the arrow lines A1, A2, exited from
the exit end 3b in the receding direction from the central
axis of the body, respectively illuminate an area distant
from the portion directly under the housing 6. The light,
shown by the arrow line C, exited in parallel to the central
axis of the lens 3, illuminates the portion directly under
the housing 6.

[0046] Consequently, the LED lighting appliance 1
has a favorable batwing luminous intensity pattern
around the central axis of the lens 3.

[0047] Since the light, shown by the arrow line B, en-
tered into the lens 3 at around the center of the incidence
end 3a, and performs substantially a total reflection on
the interface defined by the sidewall 3c illuminated the
portion directly under the housing 6 and their neighbor-
hood portion, the illumination intensity on the portions
increase.

[0048] The lights, shown by the arrow lines A1, A2,
perform total reflections on the interface defined by the
sidewall 3c. Since the light, shown by the arrow line B,
entered in the lens 3 at around the center of the inci-
dence end, also performs a total reflection on the inter-
face defined by the sidewall 3c, the exit light has rela-
tively high proportion in relation to the incidence light,
and therefore high illumination efficiency is obtained.
[0049] As mentioned above, since the LED emergen-
cy light 1 has the favorable batwing luminous intensity
pattern, the LED emergency light 1 exerts very favorable
illumination characteristics at an electric power failure.
Since LED 2 operates with low power consumption, the
batteries can be miniaturized. Then, the LED emergen-
cy light 1 is miniaturized and is saved weight. Since the
exit end 3c of the lens 3 exposes the outside 21a at the
aperture 22 of the ring-frame 21 without projecting
through the aperture. Thus the LED emergency light 1
has a good appearance.

[0050] Referring now to Fig. 5, the 2nd embodiment
of the present invention will be described in detail later.
[0051] Fig.5showsanLED lighting appliance accord-
ing to the second embodiment of the present invention,
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in a schematic section. In Fig. 5, the same elements as
those, as shown in Fig. 1, are assigned with the like ref-
erence numerals and not discussed herein.

[0052] The LED lighting appliance 26, shown in Fig.
5, is different from the LED emergency light 1, shown in
Fig. 1, by that both of the batteries 5 and the lighting unit
8 are replaced with a lighting device 27. This LED light-
ing appliance 26 is a so-called downlight. The lighting
device 27 is connected to the commercial AC power
source Vs (see Fig. 3). The lighting device 27a converts
the AC current to the DC current voltage and then feeds
the LED 2 the DC current by appropriately adjusting the
voltage of the DC current.

[0053] Like the embodiment of the LED emergency
light, the LED lighting appliance 26 has a favorable bat-
wing luminous intensity pattern, and thus it is able to
illuminate any objective surface to be illuminated, such
as floor.

[0054] The presentinvention can provide LED lighting
appliances having favorable batwing illumination effi-
ciency and high illumination efficiency.

[0055] Furthermore, the present invention can pro-
vide LED emergency light having a favorable batwing
illumination intensity pattern and operable by batteries
at an electric power failure. Since the LED operates with
low power consumption, the batteries can be miniatur-
ized. Then, the LED emergency light is miniaturized and
is saved weight.

Claims

1. Alight emitting diode lighting appliance comprising
a housing having an open end and a bottom, a light
emitting diode, a lens, and a lighting device for light-
ing the light emitting diode, respectively accommo-
dated in the housing, characterized in that

the light emitting diode is placed to the bottom
side of the housing,

the lens has a barrel-shape body having a
concave incidence end directly facing the light emit-
ting diode, a generally flat exit end exposing to the
open end and a sidewall bulging in a barrel-shape,
wherein

the concave incidence end is defined that

a light, emitted from the light emitting diode
and entered in the barrel-shape body at the con-
cave surface, performs substantially a total reflec-
tion on a major portion of an interface defined by
the sidewall; and

the reflected light refracts at the exit end and
exits from the barrel-shape body in the receding di-
rection from a central axis of the barrel-shape body.

2. Alight emitting diode lighting appliance as claimed
in claim 1, wherein the concave incidence end is
defined in a cone-shaped hollow so that the light
entered in the barrel-shape body around a central
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portion of the incidence end, and an angular sepa-
ration of the cone-shaped hollow is defined that the
light, entered in the barrel-shape body around the
center of the incidence end, performs substantially
a total reflection on an exit end side portion of the
interface.

A light emitting diode lighting appliance as claimed
in any claim 1 or 2, wherein the lens is defined that
the light, performed substantially a total reflection
on the interface, exits from the barrel-shape body
in parallel to the central axis of the barrel-shape
body, and the exit end is made larger in diameter
than the incidence end.

A light emitting diode lighting appliance comprising
a housing having an open end and a bottom, a light
emitting diode, a lens, a lighting device lighting the
light emitting diode, and a support member for sup-
porting the lens, respectively accommodated in the
housing, characterized in that

the light emitting diode is placed to the bottom
of the housing;

the lens has a concave incidence end directly
facing the light emitting diode, an exit end made
larger in diameter than the incidence end and a
sidewall shaped that a major part of lights, emitted
from the light emitting diode and entered in its body,
performs substantially a total reflection thereon,
and the reflected light exits from the barrel-shape
body through the exit end in the receding direction
from a central axis of the body,

and

the support member supports the exit end of
the lens.

A light emitting diode emergency light comprising a
housing having an open end and a bottom, a light
emitting diode, a lens, a battery, a lighting device
for feeding the light emitting diode with a DC current
from the battery at an electric power failure, respec-
tively accommodated in the housing, character-
ized in that

the light emitting diode is placed to the bottom
of the housing;

the lens has a barrel-shape body having a
concave incidence end directly facing the light emit-
ting diode, a generally flat exit end exposing to the
open end and a sidewall bulging in a barrel-shape,
wherein

the concave incidence end is defined that

a light, emitted from the light emitting diode
and entered in the barrel-shape body at around the
center of the concave surface, performs substan-
tially a total reflection on a major portion of an inter-
face defined by the sidewall; and

the reflected light refracts at the exit end and
exits from the barrel-shape body in the receding di-
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rection from a central axis of the barrel-shape body.
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