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ILLUMINATION DEVICE

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application is a continuation application of
International Application PCT/JP2013/069166 filed on Jul.
12, 2013 and designated the U.S., (and claims priority from
Japanese Patent Application 2012-169891 which was filed on
Jul. 31, 2012,) the entire contents of which are incorporated
herein by reference.

TECHNICAL FIELD
[0002] The present invention relates to an illumination
device.

BACKGROUND ART
[0003] Various illumination devices have been developed

which use a high-efficiency and long-life LED (Light-emit-
ting Diode) instead of a common lamp fitting such as a halo-
gen lamp. As such an illumination device, for example, a
device having an LED module, constituted of a package of an
LED mounted on a substrate, fitted in a metal heat sink and a
base fitted in this heat sink through a case (enclosure) is
widely used in practical applications. When the temperature
of'the LED becomes high due to the heat generated from the
LED, the luminous efficiency of the LED degrades, resulting
in problems such as a decrease in the light output of the
illumination device or shortening of the service life of the
LED. In addition, since the lens constituting the illumination
device is in most cases made of resin, the lens may be dam-
aged due to heat generation of the LED. It is therefore
required in this type of illumination device to efficiently dis-
sipate the heat generated from the LED.

[0004] For common lamp fittings such as halogen lamps,
standards (e.g., 07527-J1S-6320-2) specifying the maximum
outer diameter, the total length, etc. are in place. Accordingly,
when ahalogen lamp is to be replaced by an LED illumination
device, the maximum outer diameter, the total length, etc. of
the illumination device are required to conform to the existing
standards, which makes it difficult in reality to provide a large
heat sink. Meanwhile, in recent years, an illumination device
having a so-called active cooling function in which a fan for
cooling an LED is installed inside the case to forcibly cool the
LED has been proposed.

[0005] Patent Document 1: Japanese Patent No. 4757480
[0006] Patent Document 2: Japanese National Publication
of International Patent Application No. 2010-541152

[0007] Patent document 3: Japanese National Publication
of International Patent Application No. 2012-509571

[0008] Patent document 4: Japanese Patent Laid-Open No.
2010-86713
[0009] Patent document 5: Japanese Patent Laid-Open No.
2011-165351
[0010] Patent document 6: Japanese Patent No. 4913259

SUMMARY OF INVENTION

Technical Problem

[0011] On the other hand, a one-core (single) LED module

having an LED concentrated in the central part of the sub-
strate has been recently used as an LED module in practical
applications. The one-core LED module has advantages in
that light distribution of the illumination device is easy to
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control and that so-called multi-shadow (multiple shadow) is
less likely to occur. However, performing active cooling of
the LED while conforming the maximum outer diameter, the
total length, etc. of the illumination device to the existing
standards often involves the following inconveniences.

[0012] For instance, in many of the conventional illumina-
tion devices which perform active cooling, an air intake port
and an air discharge port are disposed close to each other, and
in this case, the warm air having been discharged from the air
discharge port is suctioned again from the air intake port,
which causes degradation of the LED cooling efficiency.
When priority is given to the layout design of the air intake
passage or the air discharge passage in order to avoid such
double suction of the air, the freedom in mounting the LED on
the substrate of the LED module is narrowed, and this has a
negative effect in that the above-mentioned one-core LED
module cannot be applied. Moreover, the basic performance
required for an illumination device adopting this type of
active cooling includes high LED cooling efficiency.

[0013] The present invention is to solve the above-de-
scribed problems, and has an object of providing an illumi-
nation device which can improve the luminous efficiency.

Solution to Problem

[0014] In order to solve the above-described problems, an
illumination device according to the present invention
includes: a case having an open face on the front end side; a
cylindrical closed-end heat sink which has a bottom part in
which an LED module constituted of an LED mounted on a
substrate is installed, a cylindrical wall part standing upright
from the bottom part and disposed such that a clearance is
created between the cylindrical wall part and an inner wall
surface of the case, and an open end formed at the front end of
the cylindrical wall part, and which is fitted in the case such
that the open end is located on the open face side of the case;
afan which is housed in the case so as to face the outer surface
of'the bottom part in the heat sink and serves to cool the LED;
an air intake passage which guides to the fan the air intro-
duced from the lateral side of the case into the case; and an air
discharge passage which is formed along the outer surface of
the bottom part and the outer wall surface of the cylindrical
wall part in the heat sink and discharges the air sent from the
fan from the front end side of the heat sink to the outside.

[0015] According to the illumination device related to the
above-described configuration, the outside air is introduced
from the lateral side of the case main body, and the air warmed
while cooling the LED is discharged from the front end side
of'the heat sink to the outside. In this way, the double suction
of the warmed air having been once discharged from the
illumination device being suctioned again can be avoided. In
addition, since the air discharge passage is formed along the
outer wall surface of the cylindrical wall part in the heat sink,
the freedom can be sufficiently secured in the aspect in which
the LED module is installed in the bottom part of the heat
sink. That is, since the entire surface of the bottom part of the
heat sink is available as the installation space of the LED
module, it is possible, for example, to constitute a one-core
type by disposing the LED module in the central part of the
bottom part. Moreover, the air flowing through the air dis-
charge passage removes the heat of the heat sink also while
flowing along the outer wall surface of the cylindrical wall
part in the heat sink. Thus, a sufficient chance can be secured
for the cooling air flowing through the air discharge passage
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to come into contact with the heat sink, so that heat dissipa-
tion from the heat sink can be further promoted.

[0016] A through-hole penetrating the bottom part may be
formed in the bottom part of the heat sink. According to this
configuration, part of the air which is blown from the fan
against the outer surface of the bottom part of the heat sink can
be supplied through the through-hole to the side of the space
where the LED module is housed. That is, it is possible to
guide additionally part of the cooling air to the surface of the
LED module and directly cool the LED with this air. There-
fore, cooling of the LED is promoted and the cooling effi-
ciency can be further enhanced.

[0017] When the through-hole is provided in the bottom
part of the heat sink as described above, the illumination
device may further include a lens, which is fitted in the heat
sink and has a lateral surface disposed so as to face the inner
wall surface of the cylindrical wall part such that a ventilation
path is formed between the lateral surface and the inner wall
surface. In this case, part of the air sent from the fan toward the
outer surface of the bottom part in the heat sink may be
discharged to the outside through the through-hole and the
ventilation path. The illumination device thus configured can
discharge the air sent from the fan via the through-hole to the
outside of the illumination device through the ventilation
path. Then, this ventilation path is discharged to the outside
from the open end provided on the front end side of the heat
sink. It is therefore possible to prevent the warm air having
been released to the outside through the ventilation path from
being taken into the illumination device again. It is also pos-
sible to control an optical characteristic such as an angle of
light distribution.

[0018] The inner wall surface of the cylindrical wall part
may be formed as areflector which reflects the light generated
by the LED. The illumination device thus configured can
control an optical characteristic such as an angle of light
distribution. The extraction efficiency of the light generated
by the LED can also be improved.

[0019] Here, in a first configuration example related to the
illumination device, the illumination device may further
include a second heat sink provided between the case and the
heat sink, wherein: the second heat sink may have a division
wall which divides the inside of the case, such that a clearance
is provided between the second heat sink and the cylindrical
wall part as well as between the second heat sink and the inner
wall surface of the case, while covering the cylindrical wall
part of the heat sink, and a protruding edge part which is
formed by the front open end side of the division wall pro-
truding further to the front side than the open face of the case;
a rear open end of the division wall may be disposed so as to
face an air outlet of the fan; the outside air is introduced from
the clearance created between the protruding edge part of the
second heat sink and the front end edge part of the case, and
the introduced air is guided to the fan through the clearance
between the inner wall surface of the case and the outer wall
surface of the division wall; and the air from the fan is dis-
charged to the outside through the clearance between the
outer wall surface of the cylindrical wall part of the heat sink
and the inner wall surface of the division wall.

[0020] Intheillumination device according to the first con-
figuration example, the heat sink may further have: a second
protruding edge part which is formed by the open end side of
the cylindrical wall part protruding further to the front side
than the open face of the case and which is disposed so as to
face the protruding edge part of the second heat sink; and
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multiple protruding parts which protrude from the outer sur-
face of the second protruding edge part so as to abut on the
protruding edge part of the second heat sink and which leave
part of the clearance between the protruding edge part of the
second heat sink and the second protruding edge part as an air
discharge port while covering the rest of the clearance. More-
over, of adjacent ones of the protruding parts, a pair of oppo-
site wall surfaces which extends from the second protruding
edge part of the heat sink toward the protruding edge part of
the second heat sink and forms one of the air discharge ports
may be inclined in the same direction. In this case, the pair of
opposite wall surfaces may be inclined in the circumferential
direction of the second protruding edge part.

[0021] As described above, the structure of the air dis-
charge port in the heat sink with the passage twisted in the
circumferential direction of the cylindrical wall part (second
protruding edge part) has advantages in that the air is more
smoothly discharged from the air discharge port, and that the
flow rate of the air discharged from the air discharge port can
be increased. As a result, the supply amount of the cooling air
supplied from the fan to the heat sink increases, so that the
LED cooling efficiency can be enhanced.

[0022] Intheillumination device according to the first con-
figuration example, the air outlet of the fan may be coupled
with the rear open end of the division wall in the second heat
sink. The illumination device thus configured can prevent
collision between the air flowing through the air intake pas-
sage and the air sent out from the fan toward the bottom part
of the heat sink. Therefore, the air from the fan can be effi-
ciently guided to the heat sink and the LED cooling efficiency
can be improved.

[0023] In a second configuration example related to the
illumination device, the heat sink may have: a collar part
which is formed on the open end side in the cylindrical wall
part and protrudes further to the lateral side than the other
portions; and an air discharge port which penetrates the collar
part, wherein an intake port which communicates with the air
intake passage may be formed at a position of the outer wall
surface of the case on the rear side of the position where the air
outlet of the fan housed in the case is disposed. Also in such
a second configuration example, advantages similar to those
of the first configuration example can be provided. In addi-
tion, in the second configuration example, the manufacturing
cost of the illumination device can be further reduced since
the second heat sink is not essential for the configuration.
[0024] The air discharge port may be defined by a pair of
wall surfaces along the radial direction of the collar part and
a pair of wall surfaces along the circumferential direction of
the collar part, and the pair of wall surfaces along the radial
direction of the collar part may be inclined in the same direc-
tion. In this case, the pair of wall surfaces along the radial
direction of the collar part may be inclined in the circumfer-
ential direction of the collar part. Thus, the structure of the air
discharge port in the heat sink with the passage twisted in the
circumferential direction of the cylindrical wall part (collar
part) has advantages in that the air is more smoothly dis-
charged from the air discharge port, and that the flow rate of
the air discharged from the air discharge port can be
increased. As a result, the amount of the cooling air supplied
from the fan to the heat sink increases, so that the LED
cooling efficiency can be enhanced.

[0025] The illumination device according to the present
invention may include: a case which has an open face on the
front end side; a cylindrical closed-end heat sink which has a
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bottom part in which an LED module constituted of an LED
mounted on a substrate is installed, a cylindrical wall part
standing upright from the bottom part and disposed such that
aclearance is created between the cylindrical wall part and an
inner wall surface of the case, and an open end formed at the
front end of the cylindrical wall part, and which is fitted in the
case such that the open end is located on the open face side of
the case; a fan which is housed in the case so as to face the
outer surface of the bottom part in the heat sink and serves to
cool the LED; a first ventilation path which communicates
between the outside of the case on the lateral side and the fan;
and a second ventilation path which if formed along the outer
surface of the bottom part and the outer wall surface of the
cylindrical wall part in the heat sink and which communicates
between the fan and the front end-side outside of the heat sink,
wherein the fan is disposed between the first ventilation path
and the second ventilation path. In this case, the power source
substrate may be disposed so as to be located on the rear end
side of the illumination device and be cooled by the air pass-
ing through the first ventilation path.

[0026] An illumination device according to the present
invention includes: a case having an open face on the front end
side; a cylindrical closed-end heat sink which has a bottom
part in which an LED module constituted of an LED mounted
on a substrate is installed, a cylindrical wall part standing
upright from the bottom part and disposed such that a clear-
ance is created between the cylindrical wall part and an inner
wall surface of the case, and an open end formed at the front
end of the cylindrical wall part, and which is fitted in the case
such that the open end is located on the open face side of the
case; a fan which is housed in the case so as to face the outer
surface of the bottom part in the heat sink and serves to cool
the LED; an air intake passage which is formed along the
outer wall surface of the cylindrical wall part and the outer
surface of the bottom part in the heat sink and guides the air
introduced from the front end side of the heat sink to the fan;
and an air discharge passage which discharges the air sent
from the fan from the lateral side of the case to the outside.
[0027] The means for solving the problems in the present
invention can be used in combination as far as possible.

Advantageous Effects of Invention

[0028] According to the present invention, in an illumina-
tion device which performs active cooling of an LED using a
fan, the freedom is secured in the aspect in which an LED
module is installed, and moreover, it is possible to enhance
the cooling efficiency while preventing the warm air having
been once discharged from being suctioned again. Thus, an
illumination device which can improve the luminous effi-
ciency can be realized.

BRIEF DESCRIPTION OF DRAWINGS

[0029] FIG. 1 is an outline perspective view of an illumi-
nation device according to Embodiment 1.

[0030] FIG. 2 is an exploded perspective view of the illu-
mination device according to Embodiment 1.

[0031] FIG. 3 is a cross-sectional view of the illumination
device according to Embodiment 1.

[0032] FIG. 4 is an outline perspective view of a heat sink
according to Embodiment 1.

[0033] FIG. 5is a transparent view of the heat sink accord-
ing to Embodiment 1.
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[0034] FIG. 6 is a front view of the heat sink according to
Embodiment 1.

[0035] FIG. 7 is a rear view of the heat sink according to
Embodiment 1.

[0036] FIG. 8 is a cross-sectional view of the heat sink
according to Embodiment 1.

[0037] FIG. 9 is a side view of the heat sink according to
Embodiment 1.
[0038] FIG. 10 is a view illustrating an air flow in the

illumination device according to Embodiment 1.

[0039] FIG. 11 is a cross-sectional view of a heat sink
according to a modified example of Embodiment 1.

[0040] FIG. 12 is a view illustrating the structure of an air
discharge port according to the modified example of Embodi-
ment 1.

[0041] FIG. 13 is an outline perspective view of an illumi-
nation device according to Embodiment 2.

[0042] FIG. 14 is an exploded perspective view of the illu-
mination device according to Embodiment 2.

[0043] FIG. 15 is a cross-sectional view along the line B-B
of FIG. 13.
[0044] FIG. 16 is a view illustrating a modified example of

a heat sink according to Embodiment 2.

[0045] FIG. 17 is a cross-sectional view of an illumination
device according to Embodiment 3.

[0046] FIG. 18 is a cross-sectional view of an illumination
device according to Embodiment 4.

[0047] FIG.19is ablock diagram depicting a configuration
for controlling rotation of the fan.

DESCRIPTION OF EMBODIMENTS

[0048] In the following, embodiments for implementing
the present invention will be described in detail as examples
with reference to the drawings. It is intended that, unless
otherwise described, the technical scope of the present inven-
tion is not limited to the dimensions, material, and shape of
the components and their relative arrangement, etc. described
in these embodiments.

Embodiment 1

[0049] FIG. 1 is an outline perspective view of an illumi-
nation device 1 according to Embodiment 1. FIG. 2 is an
exploded perspective view of the illumination device 1
according to Embodiment 1. FIG. 3 is a cross-sectional view
of'the illumination device 1 according to Embodiment 1. FIG.
3 is a cross-sectional view along the line A-A of FIG. 1. The
illumination device 1 includes a case 2, a fan 3, a heat sink 4,
an LED module 5, a second heat sink 6, a lens 7, a fixing
member 8, etc. In this description, the side on which the lens
7 for outputting the light emitted from the LED to the outside
is provided is defined as the “front side” of the illumination
device 1, while the opposite side is defined as the “rear side”.
In this embodiment, the description will be based on an
example where the illumination device 1 is, for example, an
MR16-type LED illumination device which can be replaced
with an MR 16-type halogen lamp having an outer diameter of
approximately 50 mm.

[0050] The case 2 is an enclosure which includes a case
main body part 22 with an open face 21 formed on the front
end side, and a substantially rectangular parallelepiped base
part 23 which is provided on the rear end side of the case main
body 22. The case 2 may be formed of a member, such as
aluminum, having a good heat dissipation property. The case
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main body 22 has a bowl shape which gradually increases in
diameter from the base part 23 toward the open face 21.
However, the shape of the case 2 is not limited to the above-
mentioned example, and various shapes can be adopted.
[0051] The heat sink 4 has a cylindrical closed-end shape
(which can also be called a bowl shape), and, for example, is
formed of a metal material, such as aluminum, having a good
heat dissipation property. FIGS. 4 to 9 are views illustrating
the detailed configuration of the heat sink 4. FIG. 4 is an
outline perspective view of the heat sink 4 and depicts a state
of the heat sink 4 viewed obliquely from the front side. FIG.
5 is atransparent view of the heat sink 4. FIG. 6 is a front view
ofthe heat sink 4. FIG. 7 is a rear view of the heat sink 4. FIG.
8 is a cross-sectional view of the heat sink 4. FIG. 9 is a side
view of the heat sink 4. The heat sink 4 will be described with
reference to FIG. 1 to FIG. 9.

[0052] The heat sink 4 has a bottom part 41 in which the
LED module 5 is installed (placed), a cylindrical wall part 42
standing upright from this bottom part 41, and an open end 43
formed at the front end of this cylindrical wall part 42. As
depicted in FIG. 3, the heat sink 4 is fitted in the case main
body 22 such that the open end 43 is located in the case 2 on
the open face 21 side of the case main body 22. The cylindri-
cal wall part 42 is disposed such that a clearance is created
between the cylindrical wall part and the inner wall surface
221 of the case main body 22.

[0053] Asdepicted in FIG. 4, the LED module 5 is installed
in the bottom part 41 in the central part of its plane. Herein-
after, the surface of the bottom part 41 on which the LED
module 5 is loaded will be called an “inner surface 4117,
while the surface on the opposite side shall be called an “outer
surface 412”. As depicted in FIG. 4, the LED module 5
includes an LED substrate 51 and an LED 52 mounted
(loaded) on this LED substrate 51. In this embodiment, the
LED module 5 constitutes a so-called one-core module which
has the LED 52 concentrated in the central part of the LED
substrate 51. As depicted in FIG. 4, the LED module 5 accord-
ing to this embodiment has one LED 52 disposed at the center
of'the bottom part 41 of the heat sink 4. As depicted in FIG. 4,
the bottom part 41 of the heat sink 4 is flat. Thus, the flat
bottom part 41 can be effectively used as the base for loading
the LED module 5 on it, serving the purpose of building a
one-core LED module. The LED substrate 51 is a metal-
based substrate formed of a metal material, such as alumi-
num, having a good heat dissipation property, or of an insu-
lating material, etc. The LED module 5 comes into thermal
contact with the heat sink 4 and thereby dissipates the heat
generated by the LED 52.

[0054] In the bottom part 41 of the heat sink 4, multiple
through-holes 44 penetrating the bottom part 41 are disposed
around the LED module 5. In this embodiment, the multiple
through-holes 44 are disposed at substantially regular inter-
vals on the outer circumferential side in the bottom part 41 so
as to surround the LED 52. However, the number of the
through-holes 44 is not limited to a specific number, and a
single through-hole 44 may be disposed in the bottom part 41.
In FIGS. 5 to 7 and 9, the LED module 5 is not depicted.
[0055] As depicted in FIG. 5 and FIG. 7, multiple heat
dissipating fins 45 which are raised from the outer surface 412
are formed on the outer surface 412 side of the bottom part 41
in the heat sink 4. These heat dissipating fins 45 are provided
so as to increase the surface area of the heat sink 4 and
facilitate dissipation of the heat transferred from the LED 52
to the bottom part 41 of the heat sink 4. Protruding ribs 46

May 21, 2015

which protrude to the lateral side of the cylindrical wall part
42 are provided at regular intervals in the circumferential
direction of the cylindrical wall part 42 in the edge part which
forms the open end 43 of the cylindrical wall part 42.

[0056] Here, the inner wall surface of the cylindrical wall
part 42 in the heat sink 4 will be denoted by the reference
numeral 421, while the outer wall surface will be denoted by
the reference numeral 422. As depicted in FIG. 8, the inner
wall surface 421 of the cylindrical wall part 42 stands verti-
cally from the inner surface 411 of the bottom part 41. The
lens 7 is housed and fitted in a region defined by the inner wall
surface 421 of the heat sink 4 and the inner surface 411 of the
bottom part 41. In FIG. 8, the lens 7 indicated by the dotted
hatching has a substantially truncated cone shape, and is, for
example, formed of an acrylic resin. A recess 71 is formed in
the surface of the lens 7 facing the inner surface 411 of the
bottom part 41 in the heat sink 4 so that the lens 7 does not
interfere with the LED 52. However, the shape, size, material,
etc. of the lens 7 can be appropriately changed. In this
embodiment, the lens 7 is a collective lens, and may be used,
for example, for spot light applications, for example, by being
adapted for narrow-angle light distribution. However, the
angle of light distribution of the lens 7 can be appropriately
changed, and the applications of the illumination device 1 are
not limited to a specific purpose.

[0057] In this embodiment, the outer diameter of a lateral
surface 72 of the lens 7 is set to be smaller than the inner
diameter of the cylindrical wall part 42 in the heat sink 4. In
this way, a ventilation path 9 is formed between the lateral
surface 72 of the lens 7 and the inner wall surface 421 of the
cylindrical wall part 42 when the lens 7 is fitted in the heat
sink 4. An emission part 73 which emits the light generated by
the LED 52 to the outside is formed in the front end part of the
lens 7. While the lens 7 has the largest outer diameter at the
position of the emission part 73, even at this position of the
emission part 73, a clearance is secured as the ventilation path
9 between the lateral surface 72 and the inner wall surface 421
of'the cylindrical wall part 42, and the inside and the outside
of the illumination device 1 are communicated.

[0058] Theheat sink 4 configured as has been described has
a function as a retaining member for retaining the LED mod-
ule 5 and a function as a heat dissipating member for dissi-
pating the heat from the LED 52. The heat generated by the
LED 52 is transferred to the bottom part 41 through the LED
substrate 51 and dissipated from the entire heat sink 4. As will
be described later, the fan 3 being an air blower is housed in
the case main body 22, and the cooling air sent from the fan 3
to the heat dissipating fins 44 promotes the heat dissipation
from the heat dissipating fins 44, so that the LED 52 can be
efficiently cooled.

[0059] Next, referring back to FIGS. 1 to 3, the second heat
sink 6 will be described in detail. The second heat sink 6 is a
heat dissipating member working with the heat sink 4 to
dissipate the heat of the LED 52. Similarly to the heat sink 4,
the second heat sink 6 is formed of a metal material, such as
aluminum, having a good heat dissipation property. The sec-
ond heat sink 6 is fitted in the case 2 so as to lie between the
case main body 22 and the heat sink 4.

[0060] The second heat sink 6 has a cylindrical division
wall 61, and this division wall 61 gradually increases in
diameter from the rear open end toward the front open end.
The division wall 61 divides the cylindrical wall part 42 and
the inner wall surface 221 of the case main body 22 while
covering the cylindrical wall part 42 of the heat sink 4. More
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particularly, the division wall 61 divides the inside of the case
2 (case main body 22) such that a clearance is provided
between the division wall and the outer wall surface 422 of the
cylindrical wall part 42 as well as between the division wall
and the inner wall surface 221 of the case main body 22.

[0061] An air outlet 31 side of the fan 3 is coupled with the
rear open end of the division wall 61, and this rear open end is
disposed so as to face the air outlet 31 of the fan 3. The fan 3
has multiple blades 32, and drive power is supplied to a motor
(notdepicted). This causes the blades 32 to rotate, sending out
from the air outlet 31 the air suctioned from the side of an air
inlet 33. For example, the blades 32 of the fan 3 are integrally
mounted on the shaft (axis) which is pivotally supported by a
bearing so as to be rotatable, and the motor rotating the shaft
causes the blades 32 to rotate in conjunction therewith. Thus,
the second heat sink 6 has a function as a retaining member
for retaining the fan 3.

[0062] The drive power to the fan 3 and the LED module 5
(LED 52) is supplied from a power supply substrate 10 pro-
vided on the rear end side of the illumination device 1. The
electronic components loaded on the power supply substrate
10 are not depicted. The base 11 for receiving a power supply
from an external power source is provided on the power
supply substrate 10. As the base 11 in this embodiment, for
example, a type having a pin shape called GUS5.3 is adopted,
and the base 11 allows insertion connection with a socket (not
depicted). However, the structure of connection of the base 11
with the socket is not limited to the above-described example
of'the insertion method, and other shapes such as a screw type
may also be adopted. The power supply substrate 10 can
supply a drive power supply to the fan 3 and the LED module
through a connector (not depicted). As depicted in FIG. 3, the
power supply substrate 10 is disposed at a position on the rear
end side of the illumination device 1 (case 2). The power
supply substrate 10 with various electronic components
mounted on it generates heat during power supply. When the
temperature of the power supply substrate power supply sub-
strate 10 becomes high due to the heat generated from the
LED 52 orthe heat generated from the power supply substrate
10 itself with various electronic components mounted on it, a
problem occurs such as shortening of the service life of the
electronic components mounted on the power supply sub-
strate 10. It is therefore required to make the power supply
substrate 10 efficiently generate heat.

[0063] As depicted in FIG. 1to FIG. 3, in this embodiment,
the heat sink 4 is fitted in the case main body 22 through the
second heat sink 6. That is, the second heat sink 6 has a
function as a retaining member for retaining the heat sink 4. A
protruding edge part 62 which protrudes further to the front
side than the open face 21 of the case main body 22 is formed
on the front open end side of the division wall 61 in the second
heat sink 6. Similarly, in the heat sink 4, a protruding edge part
47 is formed by the open end 43 side of the cylindrical wall
part 42 protruding further to the front side than the open face
21 of the case main body 22. The protruding edge part 47 of
the heat sink 4 corresponds to the second protruding edge part
in the present invention. The protruding edge part 62 of the
second heat sink 6 protrudes further to the lateral side (in the
radial direction) of the division wall 61 than the other por-
tions. That is, the outer diameter of the protruding edge part
62 of'the second heat sink 6 is larger than the other portions by
one step and a level difference is provided at the boundary
between the protruding edge part 62 and the other portions.
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[0064] Here, the outer circumferential surface of the pro-
truding edge part 47 of the heat sink 4 is disposed so as to face
the inner circumferential surface of the protruding edge part
62 of the second heat sink 6. The above-described protruding
ribs 46 of the heat sink 4 are disposed side by side on the outer
circumferential surface of the protruding edge part 47. To
describe the protruding rib 46 in more detail, the protruding
rib 46 protrudes from the outer circumferential surface of the
protruding edge part 47 in the heat sink 4 so as to abut on the
protruding edge part 62 of the second heat sink 6. The pro-
truding rib 46 leaves part of the clearance between the pro-
truding edge part 62 of the second heat sink 6 and the pro-
truding edge part 47 in the heat sink 4 as the air discharge port
12 while covering the rest of the clearance.

[0065] Next, the ventilation passage and the air discharge
passage in the illumination device 1 will be described. As
depicted in FIG. 3, the air intake port 13 for taking the outside
air into the illumination device 1 is formed as a clearance
created between the rear end part of the protruding edge part
62 of the second heat sink 6 and the front end edge part on the
open face 21 side of the case main body 22. The air intake
passage 14 which communicates between the air inlet 33 of
the fan 3 and the above-described air intake port 13 is formed
along the inner wall surface 221 of the case main body 22
inside the case main body 22. The air intake passage 14 guides
to the fan 3 the air (outside air) introduced from the lateral side
of'the case main body 22 through the air intake port 13 to the
inside of the case main body 22. More particularly, the air
intake passage 14 is formed as a clearance between the inner
wall surface 221 of the case main body 22 and an outer wall
surface 611 of the division wall 61 of the second heat sink 6.
The heat sink 4 and the second heat sink 6 are fixed to the case
2 by the fixing member 8 which is, for example, a screw.

[0066] FIG. 10 is a view illustrating an air flow in the
illumination device 1. InFIG. 10, the air flow is schematically
indicated by the dot-dashed arrow. The outside air taken into
the case main body 22 from its lateral side through the air
intake port 13 is guided to the air inlet 33 of the fan 3 through
the air intake passage 14. Then, the air suctioned from the air
inlet 33 of the fan 3 is sent out from the air outlet 31. The air
sent out from the air outlet 31 of the fan 3 is blown forcefully
against the outer surface 412 of the bottom part 41 in the heat
sink 4 disposed so as to face the air outlet 31. As a result, the
heat transferred from the LED module 5 is dissipated from the
bottom part 41 in the heat sink 4 and thereby the LED 52 of the
LED module 5 is cooled. In this embodiment, the heat dissi-
pating fin 45 is formed on the outer surface 412 side of the
bottom part 41 in the heat sink 4. This further promotes
dissipation of the heat transferred from the LED module 5, so
that the LED 52 can be efficiently cooled.

[0067] The air blown against the outer surface 412 of the
bottom part 41 in the heat sink 4 is discharged to the outside
from the air discharge port 12 formed on the front end side of
the heat sink 4 through the air discharge passage 15 formed
along the outer surface 412 of the bottom part 41 and the outer
wall surface 422 of the cylindrical wall part 42. More particu-
larly, the air discharged to the outside through the air dis-
charge passage 15 is discharged to the outside toward the
front side of the illumination device 1, from the air discharge
port 12 via the clearance between the outer wall surface 422
of'the cylindrical wall part 42 of the heat sink 4 and the inner
wall surface 612 of the division wall 61 of the second heat
sink 6.
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[0068] Part of the cooling air (air) blown from the fan 3
toward the outer surface 412 of the bottom part 41 in the heat
sink 4 passes through the multiple through-holes 44 provided
in the bottom part 41 and is sent to the LED module 5 side.
Here, since the cooling air removes the heat of the bottom part
41 while passing through the through-holes 44, cooling of the
LED module 5 can be further promoted. The air having
passed through the through-holes 44 can be discharged to the
outside toward the front side of the illumination device 1 via
the ventilation path 9 formed between the lateral surface 72 of
the lens 7 and the inner wall surface 421 of the cylindrical wall
part 42. In this embodiment, the configuration is adopted in
which the LED 52 is covered with the lens 7; however, for
example, the lens 7 may be configured such that the air having
passed through the through-holes 44 can come into direct
contact with the LED 52. In this case, the LED 52 can be
directly cooled with the cooling air supplied through the
through-holes 44, so that the cooling efficiency of'the LED 52
can be further enhanced.

[0069] Thus, in the illumination device 1 according to this
embodiment, double suction of suctioning the discharged
warm air again from the air intake port 13 can be prevented by
introducing the outside air from the lateral side of the case
main body 22 and discharging the air heated due to the heat
from the LED 52 to the front side of the case main body 22. In
addition, since the air discharge passage 15 is formed along
the outer wall surface 422 of the cylindrical wall part 42 in the
heat sink 4, the freedom is sufficiently secured in the aspect in
which the LED module 5 is installed in the bottom part 41 of
theheat sink 4. That is, since the central part of the bottom part
41 of the heat sink 4 is available as the installation space of the
LED module 5 in this embodiment, the LED module 5 can be
constituted as a one-core type. While in this embodiment, the
through-holes 44 are bored in the bottom part 41 of the heat
sink 4 in order to further enhance the cooling efficiency of the
LED 52, the provision of this through-hole 44 is not essential.
In this case, the entire surface of the bottom part 41 of the heat
sink 4 is available as the installation space of the LED module
5

[0070] Inthe illumination device 1 of this embodiment, the
structure is adopted in which the second heat sink 6, in which
the heat sink 4 is fitted, is provided between the heat sink 4
and the case main body 22, and the air intake passage 14 and
the air discharge passage 15 are divided by the division wall
61 of the second heat sink 6. According to this structure,
disturbance of the air flow due to interference between the air
flowing through the air intake passage 14 from the air intake
port 13 toward the fan 3 and the air flowing through the air
discharge passage 15 from the fan 3 toward the air discharge
port 12 can be prevented. Moreover, since the second heat
sink 6 and the heat sink 4 are in thermal contact with each
other, the heat capacity of the heat sink as a whole increases,
so that the cooling effect on the LED 52 can be enhanced.

[0071] Moreover, according to the illumination device 1,
the air intake passage 14 is formed by the inner wall surface
221 of the case main body 22 and the division wall 61 of the
second heat sink 6, while the air discharge passage 15 is
formed by the cylindrical wall part 42 of the heat sink 4 and
the division wall 61 of the second heat sink 6. Thus, a suffi-
cient chance can be secured for the air to come into contact
with the heat sink 4 or the second heat sink 6 after the air is
suctioned from the air intake port 13 and before it is dis-
charged from the air discharge port 12. Thus, the cooling
efficiency of the LED 52 can be enhanced. In the illumination
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device 1, the power supply substrate 10 is disposed at a
position where it can undergo direct heat exchange with the
air passing through the air intake passage 14. Thus, when the
air at arelatively low temperature introduced from the outside
through the air intake port 13 passes through the air intake
passage 14, the power supply substrate 10 can be directly
cooled by the air.

[0072] Thus, in the illumination device 1 which performs
active cooling of the LED 52 using the fan 3, the freedom is
secured in the aspect in which the LED module 5 is installed,
and moreover, it is possible to enhance the cooling efficiency
while preventing the warm air having been discharged once
from being suctioned again. As a result, the luminous effi-
ciency of the illumination device 1 having the LED as a light
source can be improved.

[0073] InEmbodiment 1, the air intake passage 14 commu-
nicating between the air inlet 33 of the fan 3 and the air intake
port 13 corresponds to a first ventilation path of the present
invention, while the air discharge passage 15 formed along
the outer surface 412 of the bottom part 41 and the outer wall
surface 422 of the cylindrical wall part 42 in the heat sink 4
corresponds to a second ventilation path of the present inven-
tion (see FIG. 3).

MODIFIED EXAMPLE

[0074] Next, a modified example will be described. FIG. 11
is a cross-sectional view of a heat sink 4A according to a
modified example of Embodiment 1. The detailed description
of the configurations which are the same as those of the
above-described heat sink 4 will be omitted by denoting them
by the same reference numerals. In the heat sink 4A, no
through-hole 44 is formed in the bottom part 41. Similarly to
the heat sink 4, the LED module 5 is installed in the bottom
part 41.

[0075] In the heat sink 4A according to this modified
example, an inner wall surface 421A in the cylindrical wall
part 42 standing upright from the bottom part 41 is formed as
a reflector which reflects the light generated by the LED 52.
The heat sink 4A thus adapted to function as a reflector can
control an optical characteristic such as an angle of light
distribution. The extraction efficiency of the light generated
by the LED 52 can also be improved. Also in the heat sink 4A
according to this modified example, the through-hole 44 may
be provided in the bottom part 41 as in the heat sink 4.
[0076] FIG. 12 illustrates the structure of the air discharge
port 12 according to a modified example of Embodiment 1. In
the upper part, a front view of the illumination device 1
according to the modified example is depicted. In the lower
part, a side view of the portion circled by the dot-dashed line
in the figure is schematically depicted. Here, of the protruding
ribs 46 provided in the protruding edge part 47 according to
the heat sink 4A, the wall surface extending from the protrud-
ing edge part 47 toward the protruding edge part 62 of the
second heat sink 6 is called a “protruding wall surface 461,
while the wall surface which is connected with a pair of
protruding wall surfaces 461 and faces the protruding edge
part 62 is called a “circumferential wall surface 462”. In this
modified example, of the adjacent ones of the protruding ribs
46, a pair of opposite protruding wall surfaces 461 forming
one of the air discharge ports 12 is inclined in the circumfer-
ential direction of the protruding edge part 47 and in the same
direction.

[0077] Inthis way, inclining the pair of opposite protruding
wall surfaces 461 of the pair of opposite protruding wall

Petitioner Ensign
Exhibit 1022 - Page 26 of 32



US 2015/0138780 Al

surfaces 461, the circumferential wall surface 462, and the
inner wall surface of the protruding edge part 62, which define
one of the air discharge ports 12, in the same direction and in
the circumferential direction of the protruding edge part 47
allows the structure of the air discharge port 12 with a passage
twisted from the rear end side toward the front end side in the
circumferential direction. This allows smooth discharge of
the air from the air discharge port 12, so that the flow rate of
the air discharged from the air discharge port 12 increases.
That is, the supply amount of the cooling air supplied from the
fan 3 to the heat sink 4A increases, and the cooling efficiency
of'the LED 52 can be enhanced. The air sent out from the fan
3 flows as a swirl flow through the air discharge passage 15. In
this connection, twisting the air discharge port 12 as
described above in the circumferential direction of the pro-
truding edge part 47 can eliminate disturbance of the flow of
the swirl flow guided through the air discharge passage 15 to
the air discharge port 12. As a result, the air can be smoothly
discharged from the air discharge port 12, so that the cooling
efficiency ofthe LED 52 can be enhanced. Due to depiction of
FIG. 12, there seems to be a clearance between the wall
surface in the circumferential direction connected by the pair
of protruding wall surfaces 461 of the wall surfaces forming
the one protruding rib 46 and the inner wall surface of the
protruding edge part 62, both the wall surfaces are actually
abut on each other. However, the modified example is not
limited to the above-described aspect, and a clearance may be
provided between the wall surface in the circumferential
direction connected with the pair of protruding wall surfaces
461 in the protruding rib 46 and the inner wall surface of the
protruding edge part 62 opposite to the wall surface in the
circumferential direction.

Embodiment 2

[0078] FIG. 13 is an outline perspective view of an illumi-
nation device 100 according to Embodiment 2. FIG. 14 is an
exploded perspective view of the illumination device 100
according to Embodiment 2. FIG. 15 is a cross-sectional view
of the illumination device 100 according to Embodiment 2.
FIG. 15 is a cross-sectional view along the line B-B of FIG.
13. Of the constituent members of the illumination device
100, the detailed description of those that are common with
the illumination device 1 according to Embodiment 1 will be
omitted by denoting them with the same reference numerals.
[0079] The illumination device 100 includes the case 2, the
fan 3, a heat sink 4B, the LED module 5, the lens 7, the fixing
member 8, etc. The illumination device 100 according to this
embodiment does not include the second heat sink 6. The heat
sink 4 is formed with a collar part 48 which protrudes to the
lateral side compared with the other portions on the open end
43 side formed at the front end of the cylindrical wall part 42.
The outer diameter of the collar part 48 is equal to the outer
diameter of the case main body 22. Moreover, the collar part
48 protrudes further to the front side than the open face 21 of
the case main body 22. An air discharge port 12A penetrating
the collar part 48 in the thickness direction is formed in the
collar part 48.

[0080] The fan 3 is housed in the case main body 22 so as to
face the outer surface 412 of the bottom part 41 of the heat
sink 4B. The aspect in which the LED module 5 and the lens
7 are mounted on the heat sink 4B is common with the
illumination device 1 according to Embodiment 1. An air
intake port 13A communicating with the air intake passage 14
is formed at a position on the rear side of the position where
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the air outlet 31 of the fan 3 housed in the case main body 22
is disposed. Specifically, the air intake port 13 A is provided at
a position near the air inlet 33 of the fan 3 in the outer wall
surface 222 ofthe case main body 22. Multiple air intake ports
13A are provided in the case main body 22, and the air intake
ports 13 A are formed at regular intervals in the circumferen-
tial direction of the outer wall surface 222.

[0081] The air intake passage 14 communicating between
the air inlet 33 of the fan 3 and the air intake port 13A is
formed inside the case main body 22. The air discharge pas-
sage 15 is formed along the reference numeral 422 on the
outer surface 412 of the bottom part 41 and the outer wall
surface of the cylindrical wall part 42 in the heat sink 4B.
[0082] According to the illumination device 100 thus con-
figured, the outside air is introduced from the air intake port
13A provided on the lateral side of the case main body 22, and
the air warmed by the heat from the LED 52 is discharged
from the air discharge port 12A to the front side of the case
main body 22. Therefore, double suction of the warm air
having been discharged once from the illumination device
100 being suctioned again from the air intake port 13A can be
avoided. According to the illumination device 100, the air
discharge passage 15 is formed along the outer wall surface
422 of the cylindrical wall part 42 in the heat sink 4B, so that
the freedom can be sufficiently secured in the aspect in which
the LED module 5 is installed in the bottom part 41 of the heat
sink 4. Moreover, since the air discharge passage 15 is formed
by the outer wall surface 422 of the cylindrical wall part 42 in
the heat sink 4B, a sufficient chance can be secured for the
cooling air flowing through the air discharge passage 15 to
come into contact with the heat sink 4B. This promotes heat
dissipation from the heat sink 4B, and the cooling efficiency
of the LED 52 can be further enhanced. In the illumination
device 100, the air intake port 13A is provided in a portion
closer to the rear end of the case 2 than to the fan 3. Thus, the
air taken into the air intake passage 14 from the air intake port
13A and the power supply substrate 10 can be subjected to
direct heat exchange. As a result, the power supply substrate
10 can be directly cooled by the air at a relatively low tem-
perature introduced from the outside through the air intake
port 13 A while passing through the air intake passage 14.
[0083] Therefore, according to the illumination device 100
related to this embodiment, as with the illumination device 1
according to Embodiment 1, the freedom is secured in the
aspect in which the LED module 5 is installed, and moreover,
it is possible to enhance the cooling efficiency while prevent-
ing the warm air having been discharged once from being
suctioned again. Thus, the luminous efficiency of the illumi-
nation device 100 can be further improved. Moreover,
according to the illumination device 100, the manufacturing
cost can be reduced since it does not include the second heat
sink 6.

[0084] Also in the illumination device 100 according to this
embodiment, various changes can be made within the range
not departing from the scope of the present invention. FIG. 16
is a view illustrating a modified example of the heat sink 4B
according to this embodiment. In the upper part of FIG. 16, a
front view of a portion of the collar part 48 in the heat sink 4B
is depicted. Each of the air discharge ports 12A provided in
the collar part 48 is defined by a pair of wall surfaces 481
along the radial direction of the collar part 48 and a pair of
wall surfaces 482 along the circumferential direction of this
collar part 48. In FIG. 16, the lower part depicts the cross-
sectional structure of the portion circled by the dashed line.
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As depicted, the pair of wall surfaces 481 along the radial
direction of the collar part 48 which defines the air discharge
port 12A together with the pair of wall surfaces 482 along the
circumferential direction of the collar part 48 is inclined in the
circumferential direction of the collar part 48 and in the same
direction, as depicted in the cross-section in the lower part.
[0085] As described above, the structure of the air dis-
charge port 12 with the passage twisted in the circumferential
direction from the rear end side toward the front end side
allows the air to be discharged smoothly from the air dis-
charge port 12, so that the flow rate of the air discharged from
the air discharge port 12 increases. That is, the supply amount
of the cooling air supplied from the fan 3 to the heat sink 4B
increases, and the cooling efficiency of the LED 52 can be
enhanced.

[0086] InEmbodiment 2, the air intake passage 14 commu-
nicating between the air inlet 33 of the fan 3 and the air intake
port 13A corresponds to the first ventilation path of the
present invention, while the air discharge passage 15 which is
formed inside the case main body 22 along the reference
numeral 422 on the outer surface 412 of the bottom part 41
and the outer wall surface of the cylindrical wall part 42 in the
heat sink 4B corresponds to the second ventilation path of the
present invention (see FIG. 15).

[0087] Various modifications can be made to the embodi-
ments having been described so far. For example, in the
illumination devices depicted in FIGS. 3 and 15, the air intake
passage 14 and the air discharge passage 15 may be reversed.
In other words, the outside air may be introduced to the inside
from the front end side of the heat sink and guided to the fan
3 using the ventilation path indicated by the reference
numeral 15 depicted in FIGS. 10 and 15, and the air from the
fan 3 may be discharged to the outside from the lateral side of
the case 2 by using the ventilation path indicated by the
reference numeral 14.

Embodiment

[0088] FIG.17 is a cross-sectional view of an illumination
device 100A according to Embodiment 3. The illumination
device 100A of this embodiment corresponds to an illumina-
tion device with the air intake passage 14 and the air discharge
passage 15, and the air discharge port 12 and the air intake
port 13 of the illumination device 1 depicted in FIG. 3
reversed. In the following, differences in the illumination
device 100A from the illumination device 1 will be mainly
described, while the description of the common features will
be appropriately omitted. In FIG. 17, the reference symbol
12B denotes an air intake port, 13B denotes an air discharge
port, 14B denotes an air discharge passage, and 15B denotes
an air intake passage. Other configurations are common with
the illumination device 1 depicted in FIG. 3. The air intake
port 12B, the air discharge port 13B, the air discharge passage
14B, and the air intake passage 15B are the same in position
and structure with the air discharge port 12, the air intake port
13, the air intake passage 14, and the air discharge passage 15
depicted in FIG. 3 but opposite in the direction of the air flow.
In the illumination device 100A depicted in FIG. 17, driving
the fan 3 to rotate causes the outside air to be introduced into
the case 2 from the front end side ofthe heat sink 4 through the
air intake port 12B. The air intake passage 15B is famed along
the outer wall surface 422 of the cylindrical wall part 42 and
the outer surface 412 of the bottom part 41 in the heat sink 4
s0 as to communicate between the air intake port 12B and the
air inlet 33 of the fan 3. More particularly, the air intake
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passage 15B is formed as a clearance between the outer wall
surface 422 of the cylindrical wall part 42 of the heat sink 4
and the inner wall surface 612 of the division wall 61 in the
second heat sink 6. The air intake passage 15B guides the air
introduced from the air intake port 12B formed on the front
end side of the heat sink 4 to the fan 3.

[0089] On the other hand, the air discharge port 13B is
formed on the lateral side of the case 2 as a clearance created
between the rear end part of the protruding edge part 62 of the
second heat sink 6 and the front end edge part on the open face
21 side of the case main body 22. The air discharge passage
14B is formed as a clearance between the inner wall surface
221 of the case main body 22 and the outer wall surface 611
of the division wall 61 in the second heat sink 6. The air
discharge passage 14B communicates between the air outlet
31 of the fan 3 and the air discharge port 13B, and guides the
air from the fan 3 to the air discharge port 13B. The air having
passed through the air discharge passage 14B is released to
the outside from the air discharge port 13B opened toward the
outside on the lateral side of the case 2.

[0090] The fan 3 in the illumination device 100A is driven
to rotate in the direction opposite to that of the fan 3 in the
illumination device 1 according to Embodiment 1, and the air
outlet 31 is disposed to face the rear side of the case 2, and the
air inlet 33 is disposed to face the front side of the case. The
dashed arrows in FIG. 17 schematically indicate the flow of
the air flowing inside the case 2. In the illumination device
100A configured as described above, the outside air taken to
the inside from the front end side of the case 2 through the air
intake port 12B is guided to the air inlet 33 of the fan 3 through
the air intake passage 15B. Here, the air intake passage 15B is
formed along the outer surface 412 of the bottom part 41 and
the outer wall surface 422 of the cylindrical wall part 42 in the
heat sink 4. Thus, when the air at a relatively low temperature
introduced from the outside passes through the air intake
passage 15B, the heat transferred from the LED 52 of the LED
module 5 through the heat sink 4 is efficiently dissipated.
When the air sent from the air outlet 31 of the fan 3 passes
through the air discharge passage 14B formed as a clearance
between the inner wall surface 221 of the case main body 22
and the outer wall surface 611 of the division wall 61 in the
second heat sink 6, heat is exchanged between the division
wall 61 of the second heat sink 6 and the air flowing through
the air discharge passage 14B. In this way, the heat generated
by the LED 52 and transferred to the second heat sink 6 side
through the heat sink 4 can be favorably dissipated also from
the division wall 61 side of the second heat sink 6. Thus,
during the course in which the outside air taken into the case
2 through the air intake port 12B passes through the air intake
passage 15B and is discharged to the outside from the air
discharge port 13B via the air discharge passage 14B, the air
flowing through the air intake passage 15B and the air dis-
charge passage 14B removes the heat generated from the
LED 52 through the heat sink 4 and the second heat sink 6, so
that the LED 52 can be favorably cooled. As depicted in FIG.
17, the illumination device 100A has the ventilation path 9
formed between the lateral surface 72 of the lens 7 and the
inner wall surface 421 of the cylindrical wall part 42, and this
ventilation path 9 is opened to the outside on the front end side
of'the case 2. The air inflowing from the front end side of the
case 2 and from the ventilation path 9 passes through the
multiple through-holes 44 provided in the bottom part 41 of
the heat sink 4 and is guided to the air inlet 33 of the fan 3. The
air passing through the ventilation path 9 and the through-
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holes 44 removes heat transferred directly from the LED 52 of
the LED module 5 or the heat transferred from the LED 52 to
the bottom part 41, so that cooling of the LED module 5 can
be further promoted.

[0091] As described above, the air after removing the heat
of the LED module 5 (LED 52) is sent to the air discharge
passage 14B from the air outlet 31 of the fan 3. Then, the air
sent out from the fan 3 passes through the air discharge
passage 14B and is discharged toward the outside on the
lateral side of the case 2 from the air discharge port 13B. The
air warmed by removing the heat of the LED 52 is at a
temperature higher than the temperature of the outside air and
hence is at a density lower than the outside air. Thus, the air
discharged to the outside form the lateral side of the case 2
moves upward. Since the illumination device 100A in this
embodiment introduces the outside air from the front side of
the case main body 22 and discharges the air heated by the
heat removed from the LED 52 to the lateral side of the case
main body 22, when the illumination device 100A is used
with its front end side facing downward (i.e., with its light
emission direction oriented downward), the air at a high tem-
perature discharged from the air discharge port 13B moves to
the rear end side of the illumination device 100A due to the
difference in density from the outside air. Therefore, when the
front-side air intake/lateral-side air discharge method is
adopted as with the illumination device 100A according to
this embodiment, installing the illumination device 100A
with its front end side facing downward (with its light emis-
sion direction oriented downward) can more favorably pre-
vent the double suction of the warm air having been dis-
charged from the air discharge port 13B being suctioned
again from the air intake port 12B. In this way, the cooling
efficiency of the LED 52 in the LED module 5 is enhanced,
and an illumination device which can improve the luminous
efficiency can be realized.

Embodiment

[0092] FIG. 18 is a cross-sectional view of an illumination
device 100B according to Embodiment 4. The illumination
device 100B of this embodiment corresponds to an illumina-
tion device with the air intake passage 14 and the air discharge
passage 15, and the air discharge port 12A and the air intake
port 13 A of the illumination device 100 depicted in FIG. 15
reversed. In the following, differences in the illumination
device 100B from the illumination device 100 will be mainly
described, while the description of common features will be
appropriately omitted. In FIG. 18, the reference symbol 12C
denotes an air intake port, 13C denotes an air discharge port,
14C denotes an air discharge passage, and 15C denotes an air
intake passage. Other configurations are common with the
illumination device 100 depicted in FIG. 15.

[0093] The air intake port 12C, the air discharge port 13C,
the air discharge passage 14C, and the air intake passage 15C
are the same in position and structure with the air discharge
port 12A, the air intake port 13 A, the air intake passage 14,
and the air discharge passage 15 depicted in FIG. 15, but the
direction of air flow is opposite. In the illumination device
100B depicted in FIG. 18, driving the fan 3 to rotate causes the
outside air to be introduced into the case 2 from the front end
side of the heat sink 4 through the air intake port 12C. The air
intake port 12C is formed to penetrate the collar part 48 of the
heat sink 4B in the thickness direction. The air intake passage
15C communicates between the air intake port 12C and the air
inlet 33 of the fan 3, and is formed along the outer surface 412
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of the bottom part 41 and the outer wall surface 422 of the
cylindrical wall part 42 in the heat sink 4B. The air intake
passage 15C guides the air introduced from the air intake port
12B formed on the front end side of the heat sink 4B to the air
inlet 33 of the fan 3.

[0094] On the other hand, the air discharge port 13C is
formed at a position on the rear side of the position where the
air outlet 31 of the fan 3 housed in the case main body 22 is
disposed in the outer wall surface 222 located on the lateral
side of the case main body 22, and communicates between the
inside and the outside of the case 2. The air discharge passage
14C communicates between the air outlet 31 of the fan 3 and
the air discharge port 13C, and guides the air from the fan 3 to
the air discharge port 13C. The air having passed through the
air discharge passage 14C is discharged to the outside from
the air discharge port 13C opened toward the outside on the
lateral side of the case 2.

[0095] The fan 3 in the illumination device 100B is driven
to rotate in the direction opposite to that of the fan 3 of the
illumination device 100 according to Embodiment 2, and the
air outlet 31 is disposed to face the rear side of the case 2 and
the air inlet 33 is disposed to face the front side of the case.
The dashed arrows in FIG. 18 schematically indicate the flow
of air flowing inside the case 2. In the illumination device
100B configured as described above, the outside air taken to
the inside from the front end side of the case 2 through the air
intake port 12C is guided to the air inlet 33 of the fan 3 through
the air intake passage 15C. Here, the air intake passage 15C is
formed along the outer wall surface 422 of the cylindrical wall
part 42 and the outer surface 412 of the bottom part 41 in the
heat sink 4B. Thus, when the air at a relatively low tempera-
ture introduced from the outside through the air intake port
12C passes through the air intake passage 15C, the heat
transferred from the LED 52 ofthe LED module 5 through the
heat sink 4B is efficiently dissipated. As depicted in FI1G. 18,
the illumination device 100B has the ventilation path 9
formed between the lateral surface of the lens 7 and the inner
wall surface 421 of the cylindrical wall part 42, and this
ventilation path 9 is opened to the outside on the front end side
of'the case 2. The air flowing into the case 2 from the frontend
side and from the ventilation path 9 passes through the mul-
tiple through-holes 44 provided in the bottom part 41 of the
heat sink 4 and is guided to the air inlet 33 of the fan 3. The air
passing through the ventilation path 9 and the through-holes
44 directly removes the heat from the LED 52 of the LED
module 5, or removes the heat transferred from the LED 52 to
the bottom part 41, so that cooling of the LED module 5 can
be further promoted.

[0096] As described above, the air after removing the heat
of the LED module 5 (LED 52) is sent to the air discharge
passage 14C from the air outlet 31 of the fan 3. Then, the air
sent out from the fan 3 passes through the air discharge
passage 14C and is discharged toward the outside on the
lateral side of the case 2 from the air discharge port 13C. The
air warmed by removing the heat of the LED 52 is at a
temperature higher than the temperature of the outside air and
hence is at a density lower than the outside air. Thus, the air
discharged to the outside form the lateral side of the case 2
moves upward. Since the illumination device 100B in this
embodiment introduces the outside air from the front side of
the case 2 and discharges the air heated by the heat removed
from the LED 52 to the lateral side of the case main body 2,
when the illumination device 100B is used with its front end
side facing downward (i.e., with its light emission direction
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oriented downward), the air at a high temperature discharged
from the air discharge port 13C moves to the rear end side of
the illumination device 100B due to the difference in density
from the outside air. Therefore, when the front-side air intake/
lateral-side air discharge method is adopted as with the illu-
mination device 100B according to this embodiment, install-
ing the illumination device 100B with its front end side facing
downward (with its light emission direction oriented down-
ward) can more favorably prevent the double suction of the
warm air having been discharged from the air discharge port
13Cbeing suctioned again from the air intake port 12C. In this
way, the cooling efficiency of the LED 52 in the LED module
5 is enhanced, and an illumination device which can improve
the luminous efficiency can be realized.

[0097] A simulation was conducted as to the case where the
fan 3 was operated and the case where it was not in the
illumination devices according to Embodiments 2 and 4 hav-
ing been described so far to confirm the cooling effect on the
LED 52. The simulation was conducted under a condition of
the light emission direction set to the downward direction. In
the illumination device according to Embodiment 2, when the
fan 3 was not operated, the temperature of the LED 52
reached approximately 150° C., whereas operating the fan 3
successfully cooled the LED 52 to approximately 85° C.
When the fan 3 was operated in the illumination device
according to Embodiment 4, the LED 52 was successfully
cooled to approximately 81° C. As a comparative example, a
simulation conducted on the illumination device of the type
which takes in the outside air from the front side of the case
and discharges the air also from the front side found that the
temperature of the LED when the fan was not operated was
approximately 145° C., and even with the fan being operated,
the temperature of the LED was cooled only to 107° C. This
proves that, in contrast to the comparative example, according
to the illumination device which takes in the outside air from
the front side of the case while discharging the air from the
lateral side of the case, or takes in the outside air from the
lateral side of the case while discharging the air from the front
side of the case, the cooling efficiency of the LED can be
enhanced compared with the above-described comparative
example. Since the air discharged from the illumination
device has been warmed by heat exchange with the heat sink,
it is discharged at a temperature higher than the temperature
of the outside air. Thus, when the air is discharged from the
front end side (front side) of the illumination device, the
high-temperature air discharged from the illumination device
is lower in density than the outside air and moves upward. A
possible explanation of why the simulation result correspond-
ing to the illumination device according to Embodiment 4
showed more efficient cooling of the LED than the simulation
corresponding to the illumination device according to
Embodiment 2 is that, when the illumination device adopting
the front-side air intake/lateral-side air discharge method as
Embodiment 4 is used in a downward-facing position, the
high-temperature air discharged from the lateral side of the
device moves to the rear end side of the device, which more
preferably prevents the double suction of the warm air.

Other Modified Examples

[0098] In each of the embodiments having been described
so far, it is preferable that a treatment for improving thermal
emissivity is performed on the surface of the heat sink (heat
sinks 4, 4B, and the second heat sink 6). Various treatments
for improving thermal emissivity are conceivable, such as
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performing a surface treatment to improve the thermal emis-
sivity, forming a thermal emissivity improving film by coat-
ing, and forming a thermal emissivity improving film by
immersion in a thermal emissivity improving liquid. For the
above-mentioned thermal emissivity improving film, for
example, a paint containing silicon carbide or a predeter-
mined special ceramic is preferably used. Specifically,
Cooltech CT200 of Okitsumo Incorporated, or UNI Cool
(water-based type I1) of Godo Printing Ink Mfg. Co., Ltd., etc.
can be used for the thermal emissivity improving film. By
thus performing a treatment for improving thermal emissivity
on the surface of the heat sink, the heat dissipation through
heat emission of the heat sink can be further improved.
Accordingly, the heat generated from the LED 52 can be
sufficiently dissipated, so that the LED 52 can be effectively
prevented from being at a high temperature. In a treatment for
improving the thermal emissivity of the heat sink, the treat-
ment is not limited to the case where a treatment for improv-
ing the thermal emissivity is performed on the entire surface
of the heat sink, but the treatment for improving the thermal
emissivity may also be performed only on part of the surface
of the heat sink.

[0099] In another modified example, the illumination
device may include a fan control part which controls the
rotation direction and the rotation speed of the blades 32
constituting the fan. FIG. 19 is a block diagram depicting the
configuration for controlling the rotation of the blades 32
constituting the fan 3. As depicted in F1G. 19, the illumination
device includes a fan control part 16 and a temperature sensor
17 as a configuration for controlling the rotation of the blade
32 of the fan 3. For example, the temperature sensor 17 is
installed in the LED substrate 51 to detect the temperature of
the LED 52. The temperature sensor 17 transmits temperature
information indicating the detected temperature of the LED
52 to the fan control part 16.

[0100] For example, the fan control part 16 starts rotational
driving of the blades 32 in the fan 3 when the temperature
indicated by the temperature information is equal to or higher
than a predetermined start threshold value, and stops rota-
tional driving of the blades 32 in the fan 3 when the tempera-
ture indicated by the temperature information falls below a
predetermined stop threshold value. Controlling the fan in
this way can properly suppress increase in the temperature of
the LED 52, and since the fan 3 is not driven to rotate when the
temperature of the LED 52 is below the threshold value, can
prevent generation of noise caused by rotation of the fan 3 or
prevent consumption of power used for rotational driving of
the fan 3.

[0101] The fan control part 16 may also change the rotation
speed of the fan 3 stepwise or gradually according to the
temperature of the LED 52. Controlling the fan in this way
can properly suppress increase in the temperature of the LED
52 by increasing the rotation speed of the fan 3 according to
an increase in the temperature of the LED 52 and decreasing
the rotation speed of the fan 3 according to a decrease in the
temperature of the LED 52, and at the same time, can suppress
the noise caused by rotation ofthe fan 3 or suppress consump-
tion of power required for rotational driving of the fan 3.
[0102] The fan control part 16 may also change the rotation
direction of the blades 32 in the fan 3 at a predetermined
timing. Specifically, for example, the fan control part 16
includes a counter which counts the number of starts of rota-
tional driving of the fan 3, and when the count value of the
counter has reached a predetermined value, resets the count
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value and rotates the blades 32 of the fan 3 in the direction
opposite to a predetermined rotation direction for a predeter-
mined time. Or, the fan control part 16 may include a timer
which times out and is reset when the blades 32 of the fan 3
has rotated in a predetermined direction for a preset accumu-
lated time, and may rotate the blades 32 in the direction
opposite to the predetermined rotation direction for a prede-
termined time when the timer times out. Controlling the fan in
this way can prevent dust from entering into the case 2
through the air intake port or the air discharge port of the
illumination device. In addition, it is possible to remove the
dust attached to the fan 3 from the fan 3 or soften the grease
solidified on the rotating shaft of the blades 32.

[0103] The embodiments and the modified examples
related to the illumination device having been described so far
can be implemented in combination as far as possible.

Reference Signs List

[0104] 1 [lumination device
[0105] 2 Case

[0106] 3 Fan

[0107] 4 Heat sink

[0108] 5 LED module
[0109] 6 Second heat sink
[0110] 7 Lens

[0111] 21 Open face

[0112] 22 Case main body
[0113] 23 Base part

[0114] 41 Bottom part
[0115] 42 Cylindrical wall part
[0116] 43 Open end

[0117] 44 Through-hole
[0118] 51 LED substrate
[0119] 52 LED

[0120] 61 Division wall

1. An illumination device comprising:

a case having an open face on the front end side;

a cylindrical closed-end heat sink which has a bottom part
in which an LED module constituted of an LED
mounted on a substrate is installed, a cylindrical wall
part standing upright from the bottom part and disposed
such that a clearance is created between the cylindrical
wall part and an inner wall surface of the case, and an
open end formed at the front end of the cylindrical wall
part, and which is fitted in the case such that the open end
is located on the open face side of the case;

a fan which is housed in the case so as to face the outer
surface of the bottom part in the heat sink and serves to
cool the LED;

an air intake passage which guides to the fan, air introduced
from the lateral side of the case into the case; and

an air discharge passage which is formed along the outer
surface of the bottom part and the outer wall surface of
the cylindrical wall part in the heat sink and discharges
the air sent from the fan from the front end side of the
heat sink to the outside.

2. The illumination device according to claim 1, wherein a
through-hole penetrating the bottom part is formed in the
bottom part of the heat sink.

3. The illumination device according to claim 2, further
comprising a lens which is fitted in the heat sink and has a
lateral surface disposed so as to face the inner wall surface of
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the cylindrical wall part such that a ventilation path is formed
between the lateral surface and the inner wall surface,
wherein

part of the air sent from the fan toward the outer surface of
the bottom part in the heat sink is discharged to the
outside through the through-hole and the ventilation
path.

4. The illumination device according to claim 1, wherein
the inner wall surface of the cylindrical wall part is formed as
a reflector which reflects the light generated by the LED.

5. The illumination device according to claim 1, further
comprising a second heat sink provided between the case and
the heat sink, wherein

the second heat sink has a cylindrical division wall which
divides the inside of the case, such that a clearance is
provided between the division wall and the cylindrical
wall part as well as between the division wall and the
inner wall surface of the case, while covering the cylin-
drical wall part of the heat sink, and a protruding edge
part which is formed by the front open end side of the
division wall protruding further to the front side than the
open face of the case, and the rear open end of the
division wall is disposed so as to face an air outlet of the
fan,

outside air is introduced from the clearance created
between the protruding edge part of the second heat sink
and the front end edge part of the case, and the intro-
duced air is guided to the fan through the clearance
between the inner wall surface of the case and the outer
wall surface of the division wall, and

the air from the fan is discharged to the outside through the
clearance between the outer wall surface of the cylindri-
cal wall part of the heat sink and the inner wall surface of
the division wall.

6. The illumination device according to claim 5, wherein

the heat sink further has:

a second protruding edge part which is formed by the open
end side of the cylindrical wall part protruding further to
the front side than the open face of the case, and is
disposed so as to face the protruding edge part of the
second heat sink; and

multiple protruding parts which protrude from the outer
surface of the second protruding edge part so as to abut
on the protruding edge part of the second heat sink, and
leave part of the clearance between the protruding edge
part of the second heat sink and the second protruding
edge part as an air discharge port while covering the rest
of the clearance.

7. The illumination device according to claim 6, wherein,
of adjacent ones of the protruding parts, a pair of opposite
wall surfaces which extends from the second protruding edge
part of the heat sink toward the protruding edge part of the
second heat sink and forms one of the air discharge ports is
inclined in the same direction.

8. The illumination device according to claim 5, wherein
the air outlet of the fan is coupled with the rear open end of the
division wall in the second heat sink.

9. The illumination device according to claim 1, wherein an
air intake port communicating with the air intake passage is
formed at a position of the outer wall surface ofthe case on the
rear side of the position where the air outlet of the fan housed
in the case is disposed.

10. The illumination device according to claim 9, wherein
the heat sink has:
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a collar part which is formed on the open end side in the
cylindrical wall part and protrudes further to the lateral
side than the other portions; and

an air discharge port which penetrates the collar part.

11. The illumination device according to claim 10, wherein

the air discharge port is defined by a pair of wall surfaces
along the radial direction of the collar part and a pair of
wall surfaces along the circumferential direction of the
collar part, and

the pair of wall surfaces along the radial direction of the
collar part is inclined in the same direction.

12. An illumination device comprising:

a case having an open face on the front end side;

a cylindrical closed-end heat sink which has a bottom part
in which an LED module constituted of an LED
mounted on a substrate is installed, a cylindrical wall
part standing upright from the bottom part and disposed
such that a clearance is created between the cylindrical
wall part and an inner wall surface of the case, and an
open end formed at the front end of the cylindrical wall
part, and which is fitted in the case such that the open end
is located on the open face side of the case;

a fan which is housed in the case so as to face the outer
surface of the bottom part in the heat sink and serves to
cool the LED;

afirst ventilation path communicating between the outside
of the case on the lateral side and the fan; and

a second ventilation path which is formed along the outer
surface of the bottom part and the outer wall surface of

12
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the cylindrical wall part in the heat sink and communi-
cates between the fan and the outside of the heat sink on
the front end side, wherein

the fanis disposed between the first ventilation path and the
second ventilation path.

13. The illumination device according to claim 12, wherein
apower supply substrate is located on the rear end side of the
illumination device so as to be cooled by air passing through
the first ventilation path.

14. An illumination device comprising:

a case having an open face on the front end side;

a cylindrical closed-end heat sink which has a bottom part
in which an LED module constituted of an LED
mounted on a substrate is installed, a cylindrical wall
part standing upright from the bottom part and disposed
such that a clearance is created between the cylindrical
wall part and an inner wall surface of the case, and an
open end formed at the front end of the cylindrical wall
part, and which is fitted in the case such that the open end
is located on the open face side of the case;

a fan which is housed in the case so as to face the outer
surface of the bottom part in the heat sink and serves to
cool the LED;

an air intake passage which is formed along the outer wall
surface of the cylindrical wall part and the outer surface
of the bottom part in the heat sink and guides air intro-
duced from the front end side of the heat sink to the fan;
and

an air discharge passage which discharges the air sent from
the fan from the lateral side of the case to the outside.

#* #* #* #* #*
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