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ELEVATOR CAR INTERIOR ILLUMINATION APPARATUS

of LEDs has directivity characteristics allowing a relative
luminosity to a luminosity on an optical axis to be 80%
or higher in a region in which an angle with respect to
the optical axis is 20 degrees or smaller. A relationship
between a pitch X (mm) between the plurality of LEDs
and a distance Y (mm) between the each of the plurality
of LEDs and the illumination cover satisfies: Y>0.9X+9.
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Description
Technical Field

[0001] The presentinvention relates to an elevator car
interior illumination apparatus for illuminating the interior
of a car through light emission of LEDs.

Background Art

[0002] Conventionally, for alonger lifetime and energy
saving, an elevator car interior illumination apparatus for
controlling a plurality of LEDs to emit light to illuminate
the interior of a car is known. The LEDs are collectively
covered with a protective plate for diffusing the light (see
Patent Literature 1).

Citation List
Patent Literature

[0003] Patent Literature 1: JP 2004-338825 A

Summary of Invention
Technical Problem

[0004] However, the LEDs have directivity which is ex-
tremely stronger than that of a normal fluorescent lamp.
Therefore, even if the light from each of the LEDs is dif-
fused by the protective plate, a bright portion and a dark
portion are generated distinctively on the protective plate
in accordance with the arrangement of the LEDs, de-
pending on the position of the protective plate. Therefore,
a design for giving the impression of soft light as if the
entire protective plate uniformly shined cannot be real-
ized. As a result, designability of the illumination appa-
ratus is lowered.

[0005] The presentinvention has been made to solve
the problem described above and therefore, has an ob-
ject to provide an elevator car interior illumination appa-
ratus capable of improving designability.

Solution to Problem

[0006] According to the presentinvention, there is pro-
vided an elevator car interior illumination apparatus, in-
cluding: a light-source device including a plurality of LEDs
provided atintervals, for radiating a light beam from each
of the plurality of LEDs to interior of a car; and an illumi-
nation cover provided on an inner side of the car as com-
pared with the each of the plurality of LEDs, for scattering
the light beam from the each of the plurality of LEDs to
the interior of the car, in which: the each of the plurality
of LEDs has directivity characteristics allowing a relative
luminosity to a luminosity on an optical axis to be 80%
or higher in a region in which an angle with respect to
the optical axis is 20 degrees or smaller, and a relation
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between a pitch X (mm) between the plurality of LEDs
and a distance Y (mm) between the each of the plurality
of LEDs and the illumination cover satisfies: Y>0.9X+9.

Advantageous Effects of Invention

[0007] According to the elevator car interior illumina-
tion apparatus of the presentinvention, each of the LEDs
has directivity characteristics which allow the relative lu-
minosity to be 80% or higher in the region in which the
angle with respect to the optical axis is 20 degrees or
smaller, and the relation between the pitch X (mm) be-
tween the LEDs and the distance Y (mm) between each
of the LEDs and the illumination cover satisfies:
Y>0.9X+9. Therefore, for the neighboring LEDs, the
ranges in which the luminosity is low can be overlapped
while the ranges in which the luminosity is high are pre-
vented from overlapping. Thus, the luminosity at the po-
sition of the illumination cover can be made close to be
uniform. Therefore, the generation of a bright portion and
a dark portion on the illumination cover can be sup-
pressed, and the design can be made closer to the one
which gives the impression of soft light as if the entire
illumination cover uniformly shined. As a result, the des-
ignability of the illumination apparatus can be improved.
Moreover, because the directivity characteristics of each
of the LEDs are set within the range of the directivity
characteristics of a common LED, the cost of each of the
LEDs can be reduced.

Brief Description of Drawings
[0008]

[FIG. 1] A longitudinal sectional view illustrating a
car of an elevator according to a first embodiment of
the present invention.

[FIG. 2] A longitudinal sectional view illustrating a
car ceiling illustrated in FIG. 1.

[FIG. 3] Afront view of the car ceiling as viewed from
the interior of the car illustrated in FIG. 1.

[FIG. 4] A front view illustrating a state in which an
illumination cover is removed from the car ceiling
illustrated in FIG. 3.

[FIG. 5] Afrontviewillustrating an LED unitillustrated
in FIG. 4.

[FIG. 6] An enlarged view illustrating an illumination
apparatus illustrated in FIG. 2.

[FIG. 7] A graph showing the relation between an
evaluation of designability at the illumination cover,
apitch X (mm) between LEDs, and adistance Y (mm)
between each of the LEDs and the illumination cover
illustrated in FIG. 6.

Description of Embodiment

[0009] Hereinafter, a preferred embodiment of the
present invention is described referring to the drawings.
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First Embodiment

[0010] FIG. 1isalongitudinal sectional view illustrating
a car of an elevator according to a first embodiment of
the present invention. In the drawing, a car 1 includes a
carfloor 2, carwalls 3 provided vertically on edge portions
of the car floor 2, and a car ceiling 4 provided above the
car floor 2 so as to be supported by the car walls 3. A car
doorway (not shown) is provided to a part of the car walls
3.

[0011] FIG. 2is alongitudinal sectional view illustrating
the car ceiling 4 illustrated in FIG. 1. FIG. 3 is a front view
of the car ceiling 4 as viewed from the interior of the car
1 illustrated in FIG. 1. Further, FIG. 4 is a front view illus-
trating a state in which an illumination cover is removed
from the car ceiling 4 illustrated in FIG. 3. In the drawings,
the car ceiling 4 includes a ceiling panel 6 provided with
an opening portion 5, and a hood (illumination box) 7
(FIG. 2) provided above the opening portion 5 (specifi-
cally, at a position on the outer side of the car 1 as com-
pared with the opening portion 5) and mounted onto the
ceiling panel 6. A car interior illumination apparatus
(hereinafter, referred to simply as "illumination appara-
tus") 8 for illuminating the interior of the car 1 is provided
to the car ceiling 4.

[0012] In a central portion of the ceiling panel 6, a con-
cave portion 9, which is recessed toward the inner side
ofthe car 1, is provided as illustrated in FIG. 2. The ceiling
panel 6 includes a ceiling upper plate portion 10 horizon-
tally provided around the concave portion 9, a ceiling
lower plate portion 11 provided at a position lower than
the ceiling upper plate portion 10 to form a bottom surface
of the concave portion 9, and a ceiling vertical plate por-
tion 12 which connects the ceiling upper plate portion 10
and the ceiling lower plate portion 11 to form an inner
surface of the concave portion 9. The opening portion 5
is provided to the ceiling lower plate portion 11. In this
example, a shape of the opening portion 5 is square with
a longitudinal size of 600 (mm) and a lateral size of 600
(mm) as illustrated in FIGS. 3 and 4.

[0013] The hood 7 is provided inside the concave por-
tion 9. Moreover, the hood 7 includes an edge portion 13
mounted to the ceiling lower plate portion 11, and a plate-
like hood main body 14 provided on an upper end portion
of the edge portion 13 so as to be horizontally provided
above the opening portion 5. In this example, a depth
size of the concave portion 9 is set to 50 (mm).

[0014] Theillumination apparatus 8 includes a plurality
of (in this example, nine) LED units (light-source devices)
16 respectively mounted to the hood main body 14
through an intermediation of a mounting plate 15 for heat
radiation, and an illumination cover 17 provided below
the LED units 16 (specifically, at a position on the inner
side of the car 1 as compared with the position of each
of the LED units 16) to close the opening portion 5.
[0015] The LED units 16 are horizontally arranged
along the hood main body 14. Moreover, the LED units
16 are arranged within the range of the opening portion
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5 as viewed from the interior of the car 1, as illustrated
in FIG. 4. In this example, the nine LED units 16 in total
are evenly arranged in three rows in the vertical direction
of the opening portion 5 and in three rows in the horizontal
direction of the opening portion 5.

[0016] The LED units 16 are mounted to the hood main
body 14 through an intermediation of the common mount-
ing plate 15, as illustrated in FIG. 2. As a material of the
mounting plate 15, for example, a metal such as alumi-
num, a resin having a high thermal conductivity, or the
like is used. Heat generated in each of the LED units 16
is transmitted to the hood 7 through the mounting plate
15 to diffuse to the outside air.

[0017] FIG. 5is afrontview illustrating the LED unit 16
illustrated in FIG. 4. Each of the LED units 16 includes a
substrate 18 and a plurality of LEDs 19 mounted on the
substrate 18.

[0018] The substrate 18 is provided with a plurality of
mount holes 20 for mounting the LED unit 16 to the
mounting plate 15 with screws, and resistors 21 electri-
cally connected to the respective LEDs 19. A plurality of
connectors 22 for electrically connecting a power source
and the LED unit 16 and for individually electrically con-
necting the LED units 16 are also provided to the sub-
strate 18.

[0019] Eachofthe LEDs 19 emits alightbeam by being
supplied with electric power. The light beam from each
of the LEDs 19 passes through the illumination cover 17
to be radiated to the interior of the car 1. The LEDs 19
are arranged atintervals along a surface of the substrate
18 (specifically, a common plane along the hood main
body 14 (predetermined plane)). The LEDs 19 are ar-
ranged at even intervals.

[0020] In this example, a shape of the substrate 18 is
square with a longitudinal size of 198 (mm) and a lateral
size of 198 (mm). Moreover, in this example, thirty-six
LEDs 19 in total are mounted on the common substrate
18 in six rows in the longitudinal direction of the substrate
18 and in six rows in the horizontal direction of the sub-
strate 18. An interval (pitch) X (mm) between the LEDs
19 mounted on the common substrate 18 is 33.5 (mm).
Among the LEDs 19 mounted on the common substrate
18, a distance A (mm) between the LED 19 mounted on
the outermost side of the substrate 18 and the longitudi-
nal or horizontal side of the substrate 18 is an approxi-
mately half distance of the pitch between the LEDs 19,
that is, 15.7 (mm). As a result, the pitch between the
LEDs 19 respectively arranged on the outermost sides
of the neighboring substrates 18 is the same as the pitch
between the LEDs 19 mounted on the common substrate
18, that is, 33.5 (mm).

[0021] The illumination cover 17 is a flat plate having
translucency. The illumination cover 17 is arranged in
parallel to each substrate 18, as illustrated in FIG. 2.
Therefore, from each of the LEDs 19, the distance to the
illumination cover 17 is set the same. Further, the illumi-
nation cover 17 scatters the light beam from each of the
LEDs 19 to the interior of the car 1. In this manner, the
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boundary between a bright portion and a dark portion
generated on the illumination cover 17 due to the light
beam from each of the LEDs 19 becomes ambiguous.
[0022] The illumination cover 17 is made of a transpar-
ent or translucent material (for example, a resin, glass or
the like). Moreover, in this example, a color of the illumi-
nation cover 17 is opaque white.

[0023] FIG. 6is an enlarged view illustrating the illumi-
nation apparatus 8 illustrated in FIG. 2. Optical axes of
the LEDs 19 are parallel to each other. The optical axes
of the LEDs 19 are vertical to the illumination cover 17.
[0024] The light beam from the LEDs 19 is radiated
within the region of 75 degrees or smaller with respect
to the optical axis. Specifically, a divergence angle of the
light beam from each of the LEDs 19 is 130 degrees. A
luminosity is the highest on the optical axis of each of the
LEDs 19 and continuously decreases toward the periph-
ery from the optical axis. In this example, it is supposed
that the luminosity on the optical axis is 100%. Then, the
luminosity becomes 80% and higher in the region in
which the angle with respect to the optical axis is 20 de-
grees or smaller (specifically, within an angular region of
40 degrees about the optical axis as the center) . Spe-
cifically, each of the LEDs 19 has directivity characteris-
tics which allow a rate of the luminosity (relative luminos-
ity) to the luminosity on the optical axis to be 80% or
higher in the region in which the angle with respect to the
optical axis is 20 degrees or smaller.

[0025] If adistance Y (mm) between each of the LEDs
19 and the illumination cover 17 is constant, when the
pitch X (mm) between the LEDs 19 is set too small, the
light beams from the neighboring LEDs 19 overlap each
other to increase the size of light patches (the degree of
contrast between the bright portion and the dark portion)
on the illumination cover 17. On the contrary, when the
pitch X (mm) between the LEDs 19 is set too large, the
ranges of the light beams from the neighboring LEDs 19
become independent of each other to also increase the
size of light patches (the degree of contrast between the
bright portion and the dark portion) on the illumination
cover 17. Therefore, if the pitch X (mm) between the
LEDs 19 is too small or too large, the designability is
lowered.

[0026] Accordingly, the designability at the illumination
cover 17 was evaluated (the degree of contrast between
brightness and darkness of light was evaluated) while
the pitch X (mm) between the LEDs 19 and the distance
Y between each of the LEDs 19 and the illumination cover
17 were varied.

[0027] FIG. 7 is a graph showing the relation between
the evaluation of the designability at the illumination cov-
er 17 illustrated in FIG. 6, the pitch X (mm) between the
LEDs 19, and the distance Y (mm) between each of the
LEDs 19 and the illumination cover 17. In FIG. 7, the
evaluations of the designability are shown for the case
where the pitch X (mm) between the LEDs 19 is 33.5
(mm) and the case where the pitch is 60 (mm). In FIG.
7, as the evaluation of the designability, the circle indi-
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cates good designability, the triangle indicates slightly
poor designability, and the cross indicates poor design-
ability. Further, the evaluation of the designability shown
in FIG. 7 was obtained when a light transmittance of the
illumination cover 17 was 60%.

[0028] From the graph of FIG. 7, it is understood the
designability evaluated at the illumination cover 17 is
good when the relation between the pitch X (mm) be-
tween the LEDs 19 and the distance Y (mm) between
each of the LEDs 19 and the illumination cover 17 satis-
fies the following Expression (1).

[0029]
100281 Y20.9X+9 (1)
[0030] The designability was evaluated for each of

three cases, that is, in the case where the light transmit-
tance of the illumination cover 17 was 45%, the case
where the light transmittance was 60%, and the case
where the light transmittance was 80%. As a result, when
the relation between the pitch X (mm) between the LEDs
19 and the distance Y (mm) between each of the LEDs
19 and the illumination cover 17 satisfied Expression (1),
the designability was good in the case where the light
transmittance of the illumination cover 17 was 45% and
the case where the light transmittance was 60%. In the
case where the light transmittance of the illumination cov-
er 17 was 80%, however, the shape of each of the LEDs
19 was distinguished to lower the designability. There-
fore, for improving the designability evaluated at the illu-
mination cover 17, the illumination cover 17 is required
to have the light transmittance at least in the range of
40% to 60%.

[0031] Further, the designability evaluated at the illu-
mination cover 17 was maintained even when aluminous
flux value for one LED 19 was varied within the range of
5to 30 (Im (lumen)). Therefore, it is understood that the
designability evaluated at the illumination cover 17 is de-
termined regardless of the luminous flux value for one
LED 19. Specifically, it is understood that, even if the
luminosity of the LEDs 19 drops due to a change with
time, the designability evaluated at the illumination cover
17 is maintained to suppress the degradation of the size
of the light patches on the illumination cover 17. In gen-
eral, the LEDs 19 are replaced before the luminous flux
value for one LED becomes lower than 5 (lumen).
[0032] In this example, the pitch X (mm) between the
LEDs 19 is set to 33.5 (mm), whereas the distance Y
(mm) between each of the LEDs 19 and the illumination
cover 17 is set to 40 (mm). Specifically, in this example,
the relation between the pitch X (mm) between the LEDs
19 and the distance Y (mm) between each of the LEDs
19 and the illumination cover 17 satisfies Expression (1).
[0033] It is also conceivable to place a lens between
each of the LEDs 19 and the illumination cover 17 to
increase the divergence angle of the light beam from
each of the LEDs so as to allow the illumination cover 17
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to be placed closer to the LEDs 19. However, the light
patches are generated or an illuminance is lowered by
the effects of diffraction of the light beams by the lenses.
Therefore, the improvement of designability is limited.
[0034] In the elevator car interior illumination appara-
tus as described above, each of the LEDs 19 has direc-
tivity characteristics which allow the relative luminosity
to be 80% or higher in the region in which the angle with
respect to the optical axis is 20 degrees or smaller. In
addition, the relation between the pitch X (mm) between
the LEDs 19 and the distance Y (mm) between each of
the LEDs 19 and the illumination cover 17 satisfies:
Y>0.9X+9. Therefore, the ranges where the luminosity
is high can be prevented from overlapping for the neigh-
boring LEDs 19. Therefore, the luminosity at the position
of the illumination cover 17 can be made close to be
uniform. Therefore, the generation of the bright portion
and the dark portion on the illumination cover 17 can be
suppressed. Accordingly, the design can be made closer
to the one which gives the impression of soft light as if
the entire illumination cover 17 uniformly shined. As a
result, the designability of the illumination apparatus 8
can be improved. Further, the directivity characteristics
of each of the LEDs 19 are set within the range of the
directivity characteristics of a common LED. Therefore,
the cost of each of the LEDs 19 can be reduced.

[0035] Further, the LED units 16 are mounted to the
hood 7 through an intermediation of the mounting plate
15 for heat radiation. Therefore, the mounting plate 15
have both the function of mounting the LED units 16 to
the hood 7 and the function of diffusing heat from the
LED units 16. In this manner, the number of components
can be reduced. Moreover, the common mounting plate
15, on which the plurality of LED units 16 are previously
mounted, is mounted to the hood 7. As a result, an op-
eration of mounting the LED units 16 to the hood 7 can
be facilitated.

[0036] Although the illumination apparatus 8 is provid-
ed only to the car ceiling 4 in the example described
above, the illumination apparatus 8 may be provided at
least any one of the car walls 3 and the car floor 2.

Reference Signs List

[0037] 1 car, 4 car ceiling, 8 illumination apparatus, 15
mounting plate, 16 LED unit (light-source device), 17 il-
lumination cover, 19 LED

Claims

1. Anelevator car interior illumination apparatus, com-
prising:

a light-source device including a plurality of
LEDs provided at intervals, for radiating a light
beam from each of the plurality of LEDs to inte-
rior of a car; and
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an illumination cover provided on an inner side
of the car as compared with the each of the plu-
rality of LEDs, for scattering the light beam from
the each of the plurality of LEDs to the interior
of the car, wherein:

the each of the plurality of LEDs has direc-
tivity characteristics allowing a relative lu-
minosity to a luminosity on an optical axis
to be 80% or higher in a region in which an
angle with respect to the optical axis is 20
degrees or smaller, and

arelation between a pitch X (mm) between
the plurality of LEDs and a distance Y (mm)
between the each of the plurality of LEDs
and the illumination cover satisfies:
Y>0.9X+9.

An elevator car interior illumination apparatus ac-
cording to claim 1, wherein the light-source device
is mounted onto a car ceiling through an intermedi-
ation of a mounting plate for heat radiation.
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