LIGHTING DEVICE BODY AND LIGHTING DEVICE

TECHNICAL FIELD
[0001]

The present invention relates to a lighting device that is embedded in a
ceiling surface and illuminates a wall surface.

BACKGROUND
[0002]

Patent Document 1 (JP-A-2012-28236) discloses a lighting device that
uses what we call a planar light source (LED surface light source) for a light
source, whose light-emitting surface (light-emitting portion) has a
two-dimensional extent.

[0003]

This lighting device comprises a reflector having a substantially bowl-like
shape to cover a front portion of the light-emitting surface. In this lighting
device, the central axis of the lighting device coincides with the axis of the
reflector, and the light-emitting surface is disposed orthogonal to these axes.
[0004]

In this lighting device, the light emitted from the light-emitting surface is
reflected by the reflector, and a circular illuminated region (illuminated range) is
formed, centering around the central axis of the lighting device and the axis of
the reflector. This lighting device may be used for, for example, a spotlight, or
a downlight that is installed in a ceiling surface for illuminating mainly an area
immediately below the lighting device.

PRIOR ART DOCUMENT
[0005]
Patent Document 1:JP-A-2012-28236

SUMMARY OF THE INVENTION
PROBLEMS TO BE SOLVED BY THE INVENTION
[0006]



The lighting device described in JP-A-2012-28236 is designed to provide
an optimal orientation when light is to be emitted mainly centering at the axis of
the reflector of a spotlight, downlight, or the like. In other words, the
light-emitting surface is oriented orthogonal to the axis of the reflector.

[0007] ,

However, in a case where a wall surface needs to be illuminated in a
vertically wider range, in other words, in a case where the illumination needs to
be provided in a direction other than the direction along the axis of the reflector,
the light from the light-emitting surface may not always be effectively used.
[0008]

The present invention is provided in view of the issue described above,
and aims to provide a lighting device body and a lighting device that can
effectively use the light from a light-emitting surface, for example when a wall
surface or the [ike is to be illuminated in a vertically wide range.

MEANS FOR SOLVING THE PROBLEMS
[0009]

The invention according to claim 1 is characterized in that a lighting
device body, which is recessed in a ceiling surface when it is used, with its
central axis being oriented in a vertical direction, comprises: a planar light
source having a light-emitting surface; and a reflector formed in a bowl-like
shape centering around an axis that intersects the central axis, the reflector
being disposed so as to cover a lower portion of the light-emitting surface,
wherein the reflector is disposed in an inclined orientation in which a lower
portion of the axis of the reflector is located nearer to a wall surface, and
wherein the light-emitting surface is disposed with its center being located on
the axis, and the light-emitting surface is inclined such that, when a first virtual
plane being orthogonal to the axis is used as a reference plane, a portion of the
light-emitting surface farther from the wall surface is relatively upper than a
portion of the light-emitting surface closer to the wall surface.

[0010]

The invention according to claim 2 is characterized in that, in the lighting

device body according to claim 1, when viewed in a cross section cut along a



plane that includes the central axis and the axis, and when an inclination angle
of the axis with respect to the central axis is defined as a and an inclination
angle of the light-emitting surface with respect to the first virtual plane is defined
as B, the reflector and the light-emitting surface are disposed to satisfy a
relationship between a and B as expressed in:

a £ B <90 degrees.

[0011]

The invention according to claim 3 is characterized in that, in the lighting
device body according to claim 1 or 2, the reflector is deviated with respect to
the central axis such that the center of the light-emitting surface is located
farther from the wall surface than the central axis.

[0012]

The invention according to claim 4 is characterized in that a lighting
device comprises: a body attachment member secured to an attachment hole
provided in a ceiling surface; and a lighting device body detachably attachable
to the body attachment member, wherein the lighting device body is the lighting
device body according to any one of claims 1 to 3.

EFFECT OF THE INVENTION
[0013]

According to the invention of claim 1, the reflector is disposed in an
inclined orientation in which the lower portion of the axis of the reflector is
located nearer to the wall surface, and the light-emitting surface is inclined such
that, when the first virtual plane being orthogonal to the axis is used as a
reference plane, a portion of the light-emitting surface farther from the wall
surface is located upper than a portion of the light-emitting surface closer to the
wall surface. In other words, the light-emitting surface is oriented toward a
portion of the reflector located farther from the wall surface than the axis. With
this configuration, among the amount of light emitted from the light-emitting
surface, the amount of light provided toward the portion of the reflector farther
from the wall surface is increased.

[0014]
According to the invention of claim 2, when the inclination angle of the



axis of the reflector with respect to the central axis is defined as a and the
inclination angle of the light-emitting surface with respect to the first virtual
plane is defined as B, a relationship is obtained between a and 8 as expressed
in:

a = B <90 degrees.

[0015]

The equation o = 3 herein represents a case where the light-emitting
surface is in the horizontal direction and is orthogonal to the central axis that is
in the vertical direction. The equation B = 90 degrees herein represents a case
where the inclination angle of light-emitting surface is the same as the
inclination angle of the axis. By inclining the light-emitting surface between
these angles, the increase in the amount of the light provided toward a portion
of the reflector farther from the wall surface, among the amount of the emitted
light, can be adjusted.

[0016]

According to the invention of claim 3, the axis of the reflector is inclined
with respect to the central axis of the lighting device body. This reflector
configuration can reduce the difference between the distance from the central
axis to the portion of the reflector farthest from the central axis, and the distance
from the central axis to the portion of the reflector closest to the central axis. In
other words, since the axis of the reflector is inclined with respect to the central
axis of the lighting device body, if one tries to locate the center of the
light-emitting surface that is located on the axis of the reflector further onto the
central axis of lighting device body, a substantial radius of the reflector with
respect to the central axis of the lighting device body can be inadvertently
increased. In contrast, by deviating the light-emitting surface and the reflector
from the central axis by an appropriate distance, the substantial radius of the
reflector with respect to the central axis can be minimized.

[0017]

According to the invention of claim 4, advantages of the lighting device
body described above can be attained as a lighting device that comprises the
lighting device body and a body attachment member that detachably and
attachably holds the lighting device body.



BRIEF DESCRIPTION OF THE DRAWINGS
[0018]

Fig. 1 is a front view of a lighting device.

Fig. 2 is an enlarged view, viewed along X-X line in Fig. 1.

Fig. 3 is an exploded shrunken view, viewed along X-X line in Fig. 1.

Fig. 4 is an exploded oblique view of a lighting device, viewed from
obliquely below.

Fig. 5 is an enlarged view illustrating a base, a planar light source, a
reflector, a diffusion plate, a cover, and a cone, viewed along X-X line in Fig. 1.

Fig. 6 is an exploded oblique view illustrating a reflector, a diffusion plate,
a cover, and a cone, viewed from obliquely above.

Fig. 7 is an exploded oblique view illustrating a reflector, a diffusion plate,
a cover, and a cone, viewed from obliquely below.

Fig. 8 illustrates light paths of the light emitied from a lighting device.

Fig. 9 illustrates light paths of the light emitted from a lighting device,
and illuminated ranges.

EMBODIMENTS FOR IMPLEMENTING THE INVENTION
[0019]

Embodiments to which the present invention is applied are described in
detail with reference to the drawings. Elements designated by the same
reference numerals in the drawings have a same or similar configuration, and
duplicate explanation thereof is omitted. In the drawings, elements that are
unnecessary for explanation are omitted as appropriate, and not shown.
[0020] Embodiment 1

A lighting device 1 and a lighting device body 20 according to
Embodiment 1, to which the present invention is applied, are described with
reference to Figs. 1 to 9.

[0021]

An overview of the configuration of the lighting device 1 is described with
reference to Figs. 1 to 4, and 8.

[0022]



Fig. 1 is a front view of the lighting device 1. Fig. 2 is an enlarged view,
viewed along X-X line in Fig. 1. In other words, Fig. 2 is a cross sectional view,
cut along a plane V that is orthogonal to a wall surface W (see Fig. 5) and that
includes the central axis CO of the lighting device body 20. The wall surface W
is flat and in the vertical direction. An axis C1, a straight line C2, and a rotation
axis C3 described later are located on the plane V. Fig. 3 is an exploded
shrunken view, viewed along X-X line in Fig. 1. Fig. 4 is an exploded oblique
view of the lighting device 1, viewed from obliquely below. Fig. 8 illustrates
light paths of the light emitted from the lighting device 1.

[0023]

In examples described below, the lighting device 1 is what we call a wall
washer, which illuminates mainly the wall surface W.

[0024]

The lighting device 1 comprises a recessed frame (body attachment
member) 10 and a lighting device body 20. The lighting device body 20
comprises a planar light source 70, a reflector 80, etc.

[0025]

The recessed frame 10 comprises a tubular portion 11, a flange portion
12 at the lower end of the tubular portion 11, two sets of mounting bases 13,
three fixing springs 14, two recessed frame springs 15 (see Fig. 8), and two
fixing screws 16.

[0026]

The recessed frame 10 is secured to a ceiling surface C as illustrated in
Fig. 8, by inserting the tubular portion 11 into an attachment hole H provided in
the ceiling surface C, with the flange portion 12 being in contact with the ceiling
surface C, and using the recessed frame springs 15 and the fixing screws 16
that are provided to the mounting bases 13.

[0027]

In this condition, the recessed frame 10 holds the lighting device body 20,
with a portion of the fixing springs 14 protruding inside the tubular portion 11,
and this protruding portion being engaged with a cone 110 described later in the
lighting device body 20.

[0028]



The lighting device body 20 comprises the planar light source 70 and the
reflector 80 as described above, and further comprises a socket 30, a body 40, a
light source mounting member 50, a base 60, a diffusion plate 90, a cover 100,
and a cone (holding member) 110, which are integrally formed.

[0029]

The socket 30 comprises multiple cooling fins 31 that radially extend and
that are disposed along a circumferential direction. The socket 30 further
comprises a concave portion 32 that opens downward.

[0030]

The body 40 comprises a tubular portion 41, and a small diameter
portion 42 at the upper end of the tubular portion 41.

[0031]

The light source mounting member 50 comprises a tubular portion 51, a
circular plate portion 52 at the lower end of the tubular portion 51, and multiple
cooling fins 53 radially disposed on the top surface of the circular plate portion
52.

[0032]

The light source mounting member 50 is inserted from below into the
body 40 such that the upper end of the cooling fin 53 is in contact with the small
diameter portion 42 of the body 40, and such that the tubular portion 51
protrudes from the tubular portion 41 of the body 40. This protruding portion is
inserted into the concave portion 32 of the socket 30. With this configuration,
the cooling fins 53 of the light source mounting member 50 and the cooling fins
31 of the socket 30 are disposed substantially continuously, thereby multiple
flow paths for cooling air are provided radially.

[0033]

The base 60 comprises a circular plate portion 61, and a mounting
portion 62 that protrudes downward from the circular plate portion 61. The
circular plate portion 61 is secured to the circular plate portion 52 of the light
source mounting member 50 from below. The lower surface of the mounting
portion 62 becomes a light source mounting surface 62a that is inclined as
described later in detail, and the planar light source 70 is mounted in an inclined
orientation to the light source mounting surface 62a.



[0034]

The planar light source 70 is mounted to the light source mounting
surface 62a of the base 60.

[0035]

The reflector 80 is formed in a substantially bowl-like shape, and
disposed in an inclined orientation to cover the lower portion of the planar light
source 70. An opening portion of the reflector 80 is cut obliquely, and the
diffusion plate 90 is provided to this opening portion.

[0036]

The diffusion plate 90 is formed in a substantially circular plate shape,
and supported by the cover 100, and secured by using a fixing metal 94.
[0037] A

The cover 100 supports the reflector 80 and the diffusion plate 90 from
below.

[0038]

The cone 110 supports the cover 100, and is secured to the body 40,
with the cone 110 supporting the reflector 80 and the diffusion plate 90 through
the cover 100.

[0039]

The aforementioned lighting device body 20 is formed in a substantially
tubular shape, in which the components, the socket 30 through the cone 110,
are integrally combined. The lighting device body 20 is mounted to the
recessed frame 10, by inserting the lighting device body 20 into the recessed
frame 10 from below so that the fixing springs 14 are engaged with the cone 110.
At this time, the central axis CO of the lighting device body 20 is oriented in the
vertical direction. The explanation of the overview of the configuration of the
lighting device 1 ends here.

[0040]

The components, the base 60 trough the cone 110, are now described in
detail with reference to Fig. 2, and Figs. 5 to 7.

[0041]

Fig. 2 is an enlarged view, viewed along X-X line in Fig. 1. Fig. 5is an
enlarged view illustrating the base 60, the planar light source 70, the reflector



80, the diffusion plate 90, the cover 100, and the cone 110, viewed along X-X
line in Fig. 1. Fig. 6 is an exploded oblique view illustrating the components,
the reflector 80 through the cone 110, viewed from obliquely above. Fig. 7 is
also an exploded oblique view illustrating the components, the reflector 80
through the cone 110, viewed from obliquely below.

[0042]

In the present embodiment, relative positioning of the light source
mounting surface 62a of the planar light source 70 in the base 60, and the
reflector 80 is designed as illustrated in Fig. 5.

[0043]

In other words, on a cross section cut along the plane V, the axis C1 of
the reflector 80 is inclined at the inclination angle a with respect to the vertical
central axis CO of the lighting device body 20. The light-emitting surface 72 of
the planar light source 70 is inclined at the inclination angle B with respect to the
first virtual plane H1, which is orthogonal to the axis C1 and which passes
through the center O of the light-emitting surface 72. The center O of the
light-emitting surface 72 is not located on the central axis C0, and is deviated
from the central axis CO. The configuration of these components is described
below in detail.

[0044]

In Fig. 5, the central axis CO of the lighting device body 20 (see Fig. 2) is
oriented in the vertical direction. A surface that is parallel to the wall surface W
and that includes the central axis CO is now defined as a reference surface HO.
A portion closer to the wall surface W than the reference surface HO is defined
as A-side, and a portion farther from the wall surface W than the reference
surface HO is defined as B-side. For example, the A-side of the reflector 80
refers to a side (portion) of the reflector 80 closer to the wall surface, and the
B-side of the reflector 80 refers to a side (portion) of the reflector 80 farther from
the wall surface W. Other components may be referred to similarly.

[0045]

The base 60 comprises the circular plate portion 61, and the mounting
portion 62 protruding downward from the circular plate portion 61, as illustrated
in Fig. 5. The lower surface of the mounting portion 62 becomes the light
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source mounting surface 62a, to which the planar light source 70 is to be
mounted. The light source mounting surface 62a is formed in a planar shape,
and inclined (inclined surface) such that the B-side is located upper than the
A-side.

[0046]

The planar light source 70 is an LED module of what we call COB (chip
on board) type, in which multiple small LED devices are arranged in a planar
configuration. An example of the planar light source 70 is, for example, a
planar light source available from CITIZEN ELECTRONICS Co. Ltd. This
planar light source may comprise, for example, an aluminum substrate 71
having a square shape, and a circular light-emitting surface 72 that is inscribed
in the square. The light-emitting surface 72 is formed by arranging multiple
LED devices in a square configuration on the substrate 71 and then
encapsulating the surface with a phosphor-containing silicone resin. The
planar light source 70 has an enhanced cooling efficiency, because it is directly
secured to the mounting portion 62, with the substrate 71 being adhered to the
light source mounting surface 62a of the base 60. The planar light source 70
emits light at an irradiation angle 120° from each of the LED devices, and the
aggregation of the light from the LED devices works as a planar light source.
[0047]

Regarding the planar light source 70, the back surface of the substrate
71 being in contact with the light source mounting surface 62a of the base 60
and the light-emitting surface 72 are formed in parallel to each other, and thus
the inclination angle B of the light-emitting surface 72 becomes the same as the
inclination angle of the light source mounting surface 62a of the base 60.
[0048]

The reflector 80 is formed in a substantially bowl-like shape centering
around the axis C1, and the reflector 80 has an opening K1 at the upper end,
and has an opening K2 at the lower end.

[0049]

The axis C1 of the reflector 80 intersects the central axis CO of the
lighting device body at the inclination angle a (where, 0 < a < 90 degrees) with
respect to the central axis CO. In addition, when a plane orthogonal to the axis
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C1 is defined as the first virtual plane H1, the aforementioned light-emitting
surface 72 is inclined at the inclination angle B (where, 0 < B < 90 degrees) with
respect to the first virtual plane H1.

[0050]

In addition, in the present embodiment, the light-emitting surface 72 and
the reflector 80 are configured to obtain a relationship between these inclination
angles q, B, as expressed in:

a = B <90 degrees.
[0051]

With this configuration, the light-emitting surface 72 is oriented toward a
portion of the reflector 80 being located on the B-side. As a result, among the
amount of light emitted from the light-emitting surface 72, the amount of light
provided toward the portion of the reflector 80 located on the B-side is increased.
Therefore, the amount of light that is reflected at that portion and directed
toward the wall surface W can be increased.

[0052]

The equation a = 3, when a is fixed, represents a case where the
light-emitting surface 72 is orthogonal to the central axis C0. Even in this case,
the light-emitting surface 72 has the inclination angle a with respect to the axis
C1, and thus the amount of light directed toward the wall surface W can be
increased, similarly to the case described above.

[0053]

In addition, in the present embodiment, the center O of the light-emitting
surface 72 is deviated from the central axis CO of the lighting device body 20.
As a result, the reflector 80 being disposed in an inclined orientation is located
within a minimum radius when the central axis CO is used as its center. In
other words, for example when a portion of the reflector 80 that is located
farthest from the central axis C0O, among the portion located on the A-side, is
defined as a portion M, and when a portion of the reflector 80 located farthest
from the central axis CO, among the portion located on the B-side, is defined as
a portion N, the center O of the light-emitting surface 72 is deviated from the
central axis CO such that the distances from the central axis CO0 to the portion M
and to the portion N become equal. With this configuration, the entire reflector
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80 being disposed in an inclined orientation can be located within a virtual
cylindrical space having a minimum radius. In other words, waste of space can
be avoided, and space efficiency can be improved.

[0054]

The aforementioned reflector 80 comprises a first reflection surface 81
having a shape of a paraboloid of revolution, and a second reflection surface 82
having a shape of an ellipsoid of revolution, both located on the inner surface of
the reflector 80. If a second virtual plane (virtual plane) H2 orthogonal to the
axis C1 is used as a reference plane, then the first reflection surface 81 is
formed in a portion upper than H2 (a portion closer to the planar light source 70),
and the second reflection surface 82 is formed in a portion lower than H2 (a
portion farther from the planar light source 70).

[0055]

The first reflection surface 81 is formed in a shape of a paraboloid of
revolution that is obtained by rotating a portion of a parabola around the axis C1.
The parabola is symmetric with respect to the straight line C2 that is parallel to
the axis C1, and has a focus F1 on the straight line C2. The focus F1 is located
at an intersection with the straight line C2 on the light-emitting surface 72. If
the radius of the light-emitting surface 72 is defined as r, then the focus F1 is
located at a range of about r/4 to 3r/4, for example, about r/2, from the center O.
In a case where the light-emitting surface 72 is not circular, and is square for
example, then an inscribed circle thereof can be considered instead.

[0056]

In the examples described above, the straight line C2 is located in
parallel to the axis C1. Alternatively, the straight line C2 may coincide with the
axis C1, or may be inclined with respect to the axis C1.

[00571]

[n the present embodiment, the light-emitting surface 72 of the planar
light source 70 is inclined at the inclination angle B with respect to the first
virtual plane H1, and the focus F1 is deviated from the center of light-emitting
surface 72, as described above. As a result, when the center O is defined as a
point of origin, and a direction orthogonal to the axis C1 and passing through the
center O is defined as x-axis, and a direction of the axis C1 is defined as y-axis,



13

then the focus F1 has an x coordinate (x component) and a y coordinate (y
component) along the x-axis and y-axis.
[0058]

With this configuration, the reflector 80 can obtain light paths Lb, Lb'
illustrated in Fig. 5, that cannot be obtained when the focus F1 coincides with
the center O of the light-emitting surface 72.

[0059]

In other words, as illustrated in Fig. 5, a case is considered, in which
each of the light that goes out from the focus F1 on the light-emitting surface 72
and passes through the light path La, the light that goes out from a portion on
the light-emitting surface 72 inner than the focus F1 (the portion closer to the
axis C1) and passes through the light path Lb, and the light that goes out from a
portion on the light-emitting surface 72 outer than the focus F1 (the portion
farther from axis C1) and passes through the light path Lc strikes on a same
point of the first reflection surface 81, and is reflected at that point. The light,
which passed through each of the light paths La, Lb, Lc and was then reflected,
passes through the light paths La', Lb’, L¢', respectively, after the reflection.
The light path La' is the light that goes out from the focus F1 and then is
reflected at the first reflection surface 81, and thus the light path La' is in parallel
to the axis C1. The light path Lb' is located inner with respect to the light path
La' (closer to the wall surface W), whereas the light path Lc is located outer with
respect to the light path La' (farther from the wall surface W). Regarding these
light paths Lb', L¢', if the focus F1 coincides with the center O of the
light-emitting surface 72, then the light path that is similar to the light path Lc’
can be obtained, but the light path that is similar to the light path Lb' cannot be
obtained because there is no light-emitting portion in the portion inner than the
focus F1.

[0060]

In the present embodiment, the light paths Lb, Lb' can be provided as
described above. Therefore, for example, in a case where the light that passes
through the light path La' mainly illuminates a floor surface F, then the light path
Lb' can illuminate a region that is adjacent to, and that is closer to the wall
surface W than, the region on the floor surface F being illuminated by the light
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that passed through the light path La'. In addition, for example, in a case
where the light that passes through the light path La' mainly illuminates the wall
surface W near the floor surface F, then the light path Lb’ can illuminate a region
on the wall surface W that is adjacent to, and that is upper than, the region
being illuminated by the light that passed through the light path La'. In either
case, the light that passes through the light path Lb' can favorably illuminate a
region adjacent to the region being illuminated by the light that passes through
the light path La', with the light having an enhanced controllability.

[0061]

The second reflection surface 82 is formed in a shape of an ellipsoid of
revolution that is obtained by rotating a portion of an ellipse around the axis C1.
An upper focus f1 and a lower focus 2 of the ellipse are both located on the axis
C1. The focus f1 is located at the center O of the light-emitting surface 72, and
the focus f2 is located at a portion lower than a portion 82a on the lower edge
(the portion located at the lowest portion on the lower edge) of the second
reflection surface 82. The lower end of the second reflection surface 82 is cut
by a virtual plane that is inclined with respect to the axis C1 such that the A-side
is located upper than the B-side, thereby an opening K2 is formed. With this
configuration, reflected light can be diffused in a circumferential direction.
[0062]

In the examples described above, the focuses f1, f2 are located on the
axis C1. Alternatively, at least one of the focuses f1, f2 may be deviated from
the axis C1. In other words, in the examples described above, the longer axis
of the ellipse, which becomes the basis of the second reflection surface 82,
coincides with axis C1. However, the longer axis may be in parallel to the axis
C1 or may be inclined with respect to the axis C1, instead.

[0063]

The aforementioned first reflection surface 81 is knurled such that
multiple convex portions and convex portions, each of which intersects the
circumferential direction, are provided along the circumferential direction. With
this configuration, reflected light can be diffused in the circumferential direction.
On the other hand, the second reflection surface 82 is faceted, which allows the
reflected light to be diffused both in the circumferential direction and in the
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vertical direction that intersects the circumferential direction.
[0064]

A diffusion plate 90 is provided to the lower opening K2 of the reflector
80.

[0065]

The diffusion plate 90 is formed into a circular plate shape, as illustrated
in Fig. 6. The diffusion plate 90 comprise a filter 91 on the front surface (top
surface), and a diffusion glass 92 on the back surface. The filter 91 is for
expanding the direct light from the light-emitting surface 22, and the reflected
light from the first reflection surface 81 and from the second reflection surface
82 toward the wall surface W horizontally. The diffusion glass 92 is for
diffusing the light that passed through the filter 91.

[0066]

The diffusion plate 80 is supported by the cover 100, together with the
reflector 80.

[0067]

As illustrated in Figs. 5 and 6, the cover 100 comprises, on the B-side, a
contact portion 101 having a steep slope, and a mounting portion 102 having a
horizontal surface. On the A-side, the cover 100 comprises two mounting
portions 103 each having a gentle slope. The cover 100 further comprises an
arc-shaped stepped portion 104 located both on the B-side and the A-side.

The stepped portion 104 is inclined such that the A-side is located upper than
the B-side. The reflector 80 is supported such that the outer periphery surface
of the reflector 80 on the B-side is in contact with the contact portion 101, and
the aforementioned portion 82a on the lower edge is disposed on the mounting
portion 102, and a portion near a portion 82b (the portion located upper most on
the lower edge) of the lower edge is disposed on the mounting portion 103. On
the other hand, more than half of a circumferential edge portion 93 of the
diffusion plate 90 is engaged with the stepped portion 104, and a portion of the
diffusion plate 90 located on the A-side is secured by using the fixing metal 94.
[0068]

The cover 100 further comprises a first light-shading portion 105 on the
A-side, and a second light-shading portion 106 on the B-side. The first
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light-shading portion 105 is disposed in an upper portion in the cover 100. An
edge E1 having a gentle concave shape that faces the central axis CO is formed
at the inner edge of first light-shading portion 105. The second light-shading
portion 106 is disposed at the lower end in the cover 100, and an edge E2
having a gentle concave shape that faces the central axis CO is formed at the
inner edge of the second light-shading portion 106. These edges E1, E2
oppose each other interposing the central axis CO when viewed from a lower
surface (when viewed from below), thereby an opening is formed. The opening
is longer in a direction along the wall surface W than in a direction orthogonal to
the wall surface W.

[0069]

These edges E1, E2 regulate cut-off angles. In particular, the edge E2
increases a cut-off angle 62 when a user approaches the wall surface W.
Without the light-shading portion 1086, the inclination angle of the diffusion plate
90 becomes a cut-off angle 81. In contrast, when the light-shading portion 106
is formed such that it protrudes toward the central axis CO, the edge E2
increases the cut-off angle 62.

[0070]

The cone (holding member) 110 comprises a tubular portion 111 and a
reflection portion 112. The tubular portion 111 comprises a stepped portion
(engagement concave portion) 113 near the upper end of the tubular portion
111. The fixing spring 14 of the recessed frame 10 is resiliently engaged with
the stepped portion 113 when the lighting device body 20 is mounted to the
aforementioned recessed frame 10. This engagement enables the entire
lighting device body 20 to be secured to the recessed frame 10 at a predefined
position.

[0071]

The reflection portion 112 extends obliquely upward from the lower end
of the tubular portion 111 toward the central axis CO, and a reflection surface
114 is provided on the lower surface (inner surface) of the reflection portion 112.
The reflection surface 114 is formed in a shape of a paraboloid of revolution that
is obtained by rotating a portion of a parabola, which is located on the same
pla'ne as the central axis CO is located, around the central axis CO. The focus



17

F2 of the parabola is located at an intersection between the central axis C0O and
the back surface of the diffusion plate 90. The reflection surface 114 is
disposed at a location deviated from the light paths of the light reflected by the
reflection surfaces 81, 82 of the reflector 80 on the B-side. Therefore, a
portion of the light diffused by the diffusion plate 90 strikes on the reflection
surface 114.

[0072]

By providing the reflection surface 114 as described above, the amount
of light directed toward the floor surface F (see Fig. 9) can be increased, and the
controllability of the light can be improved.

[0073]

When the axis of the rotation of the reflection surface 114 is defined as a
rotation axis C3, the rotation axis C3 in the examples described above coincides
with the central axis CO. Alternatively, the rotation axis C3 may coincide with
the axis C1 of the reflector 80. Alternatively, the rotation axis C3 may be
located between the central axis CO and the axis C1. In other words, if the
inclination angle of the rotation axis C3 with respect to the central axis CO is
defined as y, then a relation may be obtained between the inclination angle y
and the inclination angle a of the axis C1 with respect to the central axis CO, as
expressed in:
0=y =a
In any of these cases, the focus F2 of the reflection surface 114 should be at an
intersection between the rotation axis C3 and the back surface of the diffusion
plate 90.

[0074]

The reflection surface 114 can improve the controllability of the light that
is directed in a direction toward which the rotation axis C3 extends, regardless
of the magnitude of the inclination angle vy.

[0075]

Fig. 8 illustrates light paths of the light emitted from the lighting device 1
as described above. Fig. 9 illustrates light paths of the light emitted from the
lighting device 1, and the illuminated ranges (regions). In the examples in Figs.
8 and 9, the rotation axis C3 of the reflection surface 114 coincides with the axis
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C1 of the reflector 80.
[0076]

As illustrated in Fig. 8, the light, which is emitted from the light-emitting
surface 72 and reflected at the first reflection surface 81 of the reflector 80,
passes through the diffusion plate 90, and passes mostly between a light path
L1 and a light path L2.

[0077]

The light, which is emitted from the light-emitting surface 72 and
reflected at the second reflection surface 82 of the reflector 80, passes through
the diffusion plate 90, and passes mostly between a light path L3 and a light
path L4.

[0078]

A portion of the light emitted from the light-emitting surface 72 and
diffused by the diffusion plate 90 is reflected at the reflection surface 114, and
passes mostly between a light path L5 and a light path L6.

[0079]

The direct light emitted from the light-emitting surface 72 passes mostly
between light paths L7 and L8.
[0080]

As a result, for example when the lighting device 1 is installed at a height
of 3000 mm from the floor surface F and at a distance of 600 mm from the wall
surface W, the floor surface F and the wall surface W are illuminated by the light
that passed through the aforementioned light paths L1 to L8. In particular, the
wall surface W is illuminated evenly from near the ceiling surface C to near the
floor surface F.

[0081]

Effects and advantages of the lighting device body 20 and the lighting
device 1 having the configuration as described above are summarized below.
[0082]

- The reflector 80 is disposed in an inclined orientation in which the lower
portion of the axis C1 is closer to the wall surface W, and the light-emitting
surface 72 of the planar light source 70 is inclined such that, when the first
virtual plane H1 being orthogonal to the axis C1 is used as a reference plane,
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the portion farther from the wall surface W (B-side) is located relatively upper.
In other words, the light-emitting surface 72 is oriented toward the portion of the
reflector 80 being located farther from the wall surface W than the axis C1.
With this configuration, among the light emitted from the light-emitting surface
72, the amount of light provided toward the portion of the reflector 80 farther
from the wall surface W is increased.

[0083]

- When the inclination angle of axis C1 of the reflector 80 with respect to
the central axis CO is defined as a and the inclination angle of the light-emitting
surface 72 with respect to the first virtual plane H1 is defined as B, a relation is
obtained between a and B as expressed in:

a < B <90 degrees.
[0084]

The equation a = B herein represents a case where the light-emitting
surface 72 is perpendicular to the vertical central axis C0O and is in the horizontal
direction. The equation B = 90 degrees herein represents a case where the
inclination angle B of the light-emitting surface 72 becomes the same as the
inclination angle a of the axis C1. By inclining the light-emitting surface 72
between these angles, the increase in the amount of light provided to the portion
of the reflector 80 that is farther from the wall surface W, among the amount of
the emitted light, can be adjusted.

[0085]

- The reflector 80 whose axis C1 is inclined with respect to the central
axis CO of the lighting device body 20 can minimize the difference between the
distance from the central axis CO to the portion M (or portion N) of the reflector
80 located farthest from the central axis CQ, and the distance from the central
axis CO to the bortion N (or portion M) located closest to the central axis C0. In
other words, since the axis C1 of the reflector 80 is inclined with respect to the
central axis CO of the lighting device body 20, if one tries to locate the center of
the light-emitting surface 72 being located on the axis C1 of the reflector 80 onto
the central axis CO of the lighting device body 20, a substantial radius of the
reflector 80 with respect to the central axis C0 of the lighting device body 20 will
be inadvertently increased. In contrast, by deviating the light-emitting surface
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72 and the reflector 80 from the central axis CO by an appropriate distance, a
substantial radius of the reflector 80 with reference to the central axis CO can be
minimized.

[0086]

- The reflector 80 is inclined with respect to the lighting device body 20,
and comprises the first reflection surface 81 having a shape of a paraboloid of
revolution, and the second reflection surface 82 having a shape of an ellipsoid
of revolution. Therefore, the controliability of the light in the direction of the
axis C1 can be improved by the first reflection surface 81, and in the direction
that intersects the axis C1 can be improved by the second reflection surface 82.
[0087]

- Regarding the first reflection surface 81, the focus F1 of the parabola is
deviated from the center O of the light-emitting surface 72. Therefore, a region
{range) inner (the portion closer to the wall surface W in Fig. 5) than the region
(range) illuminated by the light, which goes out from the focus F1 and is
reflected at the first reflection surface 81 and then passes in parallel to the axis
C1, can be illuminated by the light that goes out from the portion of the
light-emitting surface 72 inner than the focus F1. In addition, region (range)
outer (the portion farther from the wall surface W in Fig. 5) than that region can
be illuminated by the light that goes out from the portion of the light-emitting
surface 72 outer than the focus F1.

[0088]

- Regarding the second reflection surface 82, the upper focus f1 of the
ellipse is disposed within the light paths of the light that is emitted from the
light-emitting surface 72 and then reaches the second reflection surface 82, and
the lower focus f2 of the ellipse is disposed in a portion lower than the portion
(lower edge) 82a on the lower edge of the second reflection surface 82.
Therefore, the light, which is emitted from the light-emitting surface 72 and
passed through the upper focus f1, is reflected at the second reflection surface
82, and passes through the lower focus 2, and then travels obliquely below.
[0089]

- In addition, the upper focus f1 and lower focus f2 are disposed on the
axis C1, and the upper focus 1 is located at the center of the light-emitting
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surface 72. Therefore, the light that goes out from the center of the
light-emitting surface 72 is reflected at the second reflection surface 82, and
passes through the lower focus f2, and then travels obliquely below.

[0090]

- The first reflection surface 81 is knurled, and thus can diffuse the
reflected light in a circumferential direction.
[0091]

- The second reflection surface 82 is faceted, and thus can diffuse the
reflected light in a circumferential direction and in a direction perpendicular to
the circumferential direction.

[0092]

- The cone (holding member) 110 comprises the reflection surface 114
having a shape of a paraboloid of revolution at a portion closer to the wall
surface W than the axis C1. Therefore, the lighting device body 20 can add the
reflected light from the reflection surface 114 to the reflected light from the
reflector 80, and thus the controllability of the light to be illuminated can be
improved.

[0093]

- By setting the inclination angle y of the rotation axis C3 to satisfy a
relation as expressed in:
0=y = q,
the reflection surface 114 can set a direction, to which reflected light is to be
directed, within this range.

[0094] '

- The reflection surface 114 can reflect the light, which passed through
the focus F2, toward a direction of the rotation axis C3.
[0095]

- By providing the diffusion plate 90, the reflection surface 114 can
receive the light from the diffusion plate 90, and reflect the light, even when the
reflection surface 114 cannot directly receive the reflected light from the
reflector 80.

Description of references in drawings
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[0096]

1: Lighting device

10: Recessed frame (body attachment member)
20: Lighting device body

30: Socket

40: Body

50: Light source mounting member
60: Base

70: Planar light source

72: Light-emitting surface

80: Reflector

81: First reflection surface

82: Second reflection surface

90: Diffusion plate

100: Cover

110: Cone (holding member)

114: Reflection surface

C: Ceiling surface

CO0: Central axis

C1: Axis

C3: Rotation axis

F1: Focus of a parabola

F2: Focus of a parabola

f1: Upper focus of an ellipse

£2: Lower focus of an ellipse

H1: First virtual plane

W: Wall surface

a: Inclination angle with respect to the central axis
B: Inclination angle of the light-emitting surface with respect to the first virtual
plane

y: Inclination angle of the rotation axis
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Claims:

1. A lighting device body, recessed in a ceiling surface when it is used,
with a central axis of the lighting device body being oriented in a vertical
direction, characterized in that:

the lighting device body comprises:

a planar light source having a light-emitting surface, and

a reflector formed in a bowl-like shape centering around an axis
that intersects the central axis, and disposed to cover a lower portion of the
light-emitting surface,

wherein the reflector is inclined such that a lower portion the axis is
located nearer to a wall surface, and

wherein the light-emitting surface is disposed such that:

the center of the light-emitting surface is located on the axis, and

the light-emitting surface is inclined such that, when a first virtual
plane that is orthogonal to the axis is used as a reference plane, a portion of the
light-emitting surface farther from the wall surface is located relatively upper.

2. The lighting device body according to claim 1 is characterized in that:

when viewed in a cross section cut along a plane that includes the
central axis and the axis, and when an inclination angle of the axis with respect
to the central axis is defined as a and an inclination angle of the light-emitting
surface with respect to the first virtual is defined as B, the reflector and the
light-emitting surface are disposed to obtain a relationship between a and g as
expressed in:
a < B <90 degrees.

3. The lighting device body according to either one of claim 1 or 2 is
characterized in that:

the reflector is deviated from the central axis such that the center of the
light-emitting surface is located farther from the wall surface than the central
axis.

4. A lighting device characterized in that:
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a lighting device body comprises:

a body attachment member secured to an attachment hole provided in a
ceiling surface; and

a lighting device body detachably attachable to the body attachment
member,

wherein the lighting device body is the lighting device body according to
any one of claims 1 to 3.



