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(54) Luminaire

(57)  Aluminaire (10)includes a light-emitting unit (A),
amain body frame (14), a support frame (16), and a light-
ing unit (17). The light-emitting unit (A) mounts light-emit-
ting elements (11). The main body frame (14) supports
the light-emitting unit (A), and is formed rectangular hav-
ing a hook-shaped engaging piece (14d) on one side.
The support frame (16) is formed rectangular surround-
ing the outer periphery of the main body frame (14), and
has a groove-shaped receiving place (16d) to engage
with the engaging piece (14d) of the main body frame
(14), on one internal side. The lighting unit (17) turns on
the light-emitting elements (11).
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Description

[0001] The presentinvention relates to a luminaire us-
ing a light-emitting element such as a light-emitting diode
as a light source.

[0002] A light-emitting diode has beenincreased in the
light-emitting efficiency, and used as a light source. A
lighting apparatus using a light-emitting diode as a light
source has been commercialized as a relatively large
lighting apparatus for home and office use. Jap. Pat. Ap-
plin. KOKAI Publication No. JP2008-257903 discloses a
lighting apparatus comprising square panels having light-
emitting diodes arranged in a checkered pattern on a
ceiling. Jap. Pat. Applin. KOKAI Publication No.
JP2002-117705 discloses a lighting apparatus, in which
a main unit is recessed in a ceiling. This lighting appara-
tus comprises a main unit recessed and fixed to a ceiling,
and a panel-like light source unit fixed to the side frame
of the main unit with a hinge having arod. The light source
unit comprises a large number of white light-emitting di-
odes. Jap. Pat. Applin. KOKAI Publication No.
JP2001-005409 discloses a displaying apparatus, in
which a large number of displaying units using light-emit-
ting diodes as a light source is recessed in the ceiling of
arcade.

[0003] The above lighting apparatuses are reduced in
weight by making a main body a thin panel by using a
light-emitting diode as a light source. Since the installa-
tion operation of the lighting apparatus on a ceiling is
required to perform in high places, the operation is diffi-
cult. Therefore, it is important to simplify the installation
operation. Further, in the lighting apparatus disclosed in
Jap. Pat. Applin. KOKAI Publication No. JP2008-257903,
asdescribedin paragraph [0011], the panels are installed
on the ceiling by using a fixing means such as a screw,
which must be removed on maintenance. Thus, the in-
stallation operation includes troublesome steps, and the
lighting apparatus may not be securely installed.

[0004] As for the lighting apparatus shown in Jap. Pat.
Applin. KOKAI Publication No. JP2002-117705, accord-
ing to the description of paragraph [0007] and [0008], the
main unit is fixed to a edge of opening on a ceiling by a
common method using the elasticity of spring material.
Thus, if the main unit assembled with a lighting unit is
very heavy, the lighting apparatus may not be securely
installed. Particularly, if the lighting apparatus is very
large, the equipment may not be supported by sufficient
strength. When the equipment is installed on a ceiling,
the equipment is fixed to the edge of opening on the ceil-
ing in the state in which the panel-shaped light source
unit is previously fixed to the main unit. The installation
operation is difficult, because the operation must be per-
formed while supporting a relatively heavy part such as
the light-emitting unit. Though a light-emitting diode is
adopted as a light source, workability is not improved.
Therefore, improvement of the installation operation is
required.

[0005] Generally, a large-size lighting apparatus uses
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a large number of light-emitting diodes. A large number
of lead wires connecting the light-emitting diodes to a
power supply unit are liable to complexly extend. There-
fore, it is important that how to connect the lead wires,
how to prevent interference between a light-emitting di-
ode and a light source unit, and how to prevent breaking
of wire. In the lighting apparatus disclosed in Jap. Pat.
Applin. KOKAI Publication No. JP2001-005409, accord-
ing to the description of paragraph [0007], a large number
of lead wires are connected in vertical and horizontal di-
rections. The electrical wires and lead wires of the light-
emitting diodes are exposed to the rear side of the light-
emitting unit And disturb the installation of the lighting
apparatus. Something may contact and damage or break
the electrical wires. Owing to the structure, this lighting
apparatus is difficult in reducing the size, and the work-
ability in installation is not improved.

[0006] Further, in the lighting apparatus described in
Jap. Pat. Applin. KOKAI Publication No. JP2001-005409,
according to paragraphs [0021] and [0022], two or more
panel-shaped lighting units are arranged and fixed to
supporting wires. The lighting units are not connected to
one another. Thus, clearance is likely to occur between
the lighting units. In the lighting apparatus comprising
two or more light-emitting units, if a clearance is present
between adjacent light-emitting units, light may leak from
the clearance. Therefore, the lighting apparatus compris-
ing two or more light-emitting units is required to have a
structure causing no clearance between adjacent light-
emitting units.

[0007] A luminaire according to an embodiment of the
invention is securely installed in a part, such as a ceiling,
and is simplify the installation operations. The luminaire
comprises a light-emitting unit, a main body frame, a sup-
port frame, and a lighting unit, for example. The light-
emitting unit comprises light-emitting elements. The main
body frame supports the light-emitting unit, and is formed
rectangular having a hook-shaped engaging piece on
one side. The support frame is formed square surround-
ing the outer periphery of the main body frame, and has
a groove-shaped receiving place to engage with the en-
gaging piece of the main body frame, on one internal
side. The lighting unit turns on the light-emitting ele-
ments.

[0008] The light-emitting unit comprises a base sub-
strate, areflector, and aterminal unit. The base substrate
is a plate, on which two or more light-emitting elements
are mounted. The reflector is attached on the side of the
base substrate, on which the light-emitting elements are
mounted, and has a reflection surface formed by slopes
surrounding each light-emitting element. The terminal
unit is mounted on the base substrate, and connected to
the light-emitting elements.

[0009] The lighting unit comprises a case, and a light-
ing circuit. The case is fixed to the support frame, and is
suspended from a ceiling with a suspension bolt. The
lighting circuit is housed in the case. In this case, the
case comprises a top plate, a side plate which continued
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from the top plate, and a support port which is opened
across the top plate and side plate. The support port com-
prises a hitching part, and a entering part. The hitching
part is provided in the top plate, and is formed to permit
insertion of the suspension boltand not to permitinsertion
of a nut to be attached to the suspension bolt. The en-
tering part is provided in the side plate continuing to the
hitching part, and is formed to permit insertion of the nut
attached to the suspension bolt.

[0010] The lighting circuit has a power cable extending
from a side in which the case and the support frame are
jointed. The light-emitting unit has a lead wire extending
from the terminal unit arranged on the side having the
engaging piece. The power cable is connected to the
lead wire. The support frame has two or more spots to
assemble the case along the corresponding side.
[0011] The luminaire further comprises an engage-
ment unit to hold the main body frame inside the support
frame. The engagement unit consists of a stopper piece,
and a lock mechanism. The stopper piece is provided in
one of an outer peripheral edge of the main body frame
opposite to a side having the engaging piece, and an
inner peripheral edge of the support frame adjacent to
the outer peripheral edge. The stopper piece moves rel-
atively to the main body frame and support frame, and
engages them. The lock mechanism holds the stopper
piece at a position to engage the main body with the
support frame.

[0012] The engagement unit may further comprise a
shaft having a stopper piece, and a bearing capable to
rotationally move the stopper piece about the shaft. In
this case, the lock mechanism is provided between the
shaft and bearing, and holds the stopper piece to a rota-
tional position where the main body frame engages with
the support frame.

[0013] When the light-emitting unit has a plurality of
the base substrates, each terminal unit of the base sub-
strates is arranged in a cavity surrounded by the reflector
and base substrate. The terminal units provided on ad-
jacent base substrates are connected through connect-
ing lead wires arranged in the cavity.

[0014] When the light-emitting unit has a plurality of
the reflectors, each reflector has a jointing piece extend-
ing perpendicularly from the outer periphery to the base
substrate. The reflectors are arranged so that the jointing
pieces are opposed to each other and the adjacent outer
peripheries are fit. The jointing pieces of the adjacent
reflectors are united with each other by a fastening means
which determines the relative positions and fastens the
jointing pieces. The luminaire configured as above is
easy to install in an installation place on a ceiling.
[0015] In the invention, the luminaire is preferably ap-
plied to relatively large luminaire installed on a ceiling,
such as luminaire for home, office and other facilities.
The luminaire of the invention may be applied to small
luminaire. The luminaire of the invention may also be
applied to luminaire, which is recessed in an appropriate
installation site on a ceiling, or directly assembled to a
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ceiling.

[0016] Inthe invention, the light-emitting element may
use a semiconductor such as a light-emitting diode, an
organic electroluminescence (EL), and semiconductor
laser, as a light-emitting source. An incandescent lamp
such as a small halogen lamp or a small cold cathode
fluorescent lamp may be used as a light-emitting source,
as long as it can form a flat light-emitting unit. The light-
emitting element is not limited to a white light-emitting
element. According to the purposes of the luminaire, red,
blue or green light-emitting element may be used, or
these colors may be combined.

[0017] Necessary number of light-emitting elements of
the light-emitting unit are selected and arranged on a
substrate. The whole figure of the unit is square or rec-
tangular, and forms a flat surface light source. The light-
emitting unit comprises sixteen light-emitting element
groups, for example. The light-emitting unit may com-
prise one or more, four for example, light-emitting ele-
ment groups. The shape of the light-emitting unit may be
selected from rectangle shape which include a linier long
bar, round shape which is circle or ellipse, or polygonal
shape which is hexagon or octagon.

[0018] The light-emitting unit may have a reflector to
reflect light from a light-emitting element, for example.
The light-emitting unit may be provided with a transmis-
sive plate made of opaque or translucent synthetic resin
or reinforced glass, on the front side of the light-emitting
unit to cover the light-emitting element. A lattice-shaped
light control unit may be provided on the front side of the
light-emitting unit.

[0019] The mainbody frame supports the light-emitting
unit on the inner peripheral side, and forms a square
equipment body together with the light-emitting unit. The
main body frame is preferably made of heat-resistant
weather-resistant insulating synthetic resin, such as
polybutylene terephthalate (PBT). The main body frame
may be made of a steel plate or metal such as stainless
steel or lightweight material, such as aluminum, with high
heat conductivity, considering heat radiation perform-
ance.

[0020] The equipment main body comprises a main
body frame and a support frame. The equipment main
body may be a housing comprising a single piece. The
structure connecting the main body frame to the support
frame is configured to be easily removed by engaging a
engaging piece of the main body frame with a groove of
the support frame. The structure connecting the main
body frame to the support frame may be an ordinary hinge
or a permanently-set hinge mechanism.

[0021] The base substrateis a partto mount light-emit-
ting elements. Therefore, as the light-emitting unit is
formed linear, round or polygonal, the base substrate is
formed to meet the shapes of the light-emitting units. The
base substrate shall be formed to meet the equipment
main body, and may not correspond to the shape of the
light-emitting unit.

[0022] The engaging piece is made in the form of a
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hook projecting on one side of the rectangular main body
frame, and is preferably formed in one piece with the
main body frame made of synthetic resin, for example.
A separate hook-shaped metallic engaging piece may
be provided to one side of the main body frame.

[0023] The lighting unit consists of a lighting circuit,
which converts ac 100V into dc 24V, and supplies the
converted dc voltage to a light-emitting diode, for exam-
ple. The lighting unit includes a case member to install
the lighting circuit. The lighting unit is allowed to be sup-
ported by the equipment main body.

[0024] Once the lighting unit is assembled to the sup-
port frame, the lighting unit is installed together with the
support frame when the support frame is installed on a
ceiling. This facilitates installation of the luminaire. The
length of the lead wire used for wiring and connecting
the lighting unit and light-emitting unit can be reduced,
when the terminal unit of the lighting unitis provided close
to the engaging piece of the main body frame. Since the
lead wire does not disturb the installation and mainte-
nance operations for the luminaire, the operations be-
come easily.

[0025] The engagement unit moves the stopper by the
rotational operation, and engages the main body frame
with the support frame. This facilitates the operation of
assembling the main body frame and support frame. The
engagement unit is configured to engage the frames by
two or three times of simple rotational operation or sliding
operation. The lock mechanism to control the movement
of the stopper may be configured to fit a projection into
a recess, or to fit a projection into a hole or groove, so
as to release the locking. The lock mechanism is config-
ured not only to control movement, but also to release
the locking. However, when the installation operation is
given priority, the lock mechanism needs not to be re-
leasable. The lock mechanism may not have a release
function.

[0026] The base substrate comprises a substrate and
a circuit board. The substrate is made of synthetic resin,
or metal with high heat conductivity, such as steel, alu-
minum and copper. The circuit board is a part to mount
light-emitting elements. The circuit board may be made
of metal such as copper and aluminum, or nonmetal such
as glass epoxy material, paper phenol material, and glass
composite. The circuit board may also be made of ce-
ramics when the cost is reasonable. Further, the base
substrate may comprise a circuit board only. A light-emit-
ting diode chip as a light source is mounted on a wiring
pattern formed on the circuit board. A specific means is
not used for forming and mounting the circuit board.
[0027] The support frame supports the main body
frame on the inner periphery, and forms the square lu-
minaire together with the light-emitting unit and main
body frame. Heat-resistant weather-resistant insulating
synthetic resin, such as polybutylene terephthalate
(PBT), is suitable for material of the support frame, like
the main body frame. The main body frame may be made
of a steel plate or metal such as stainless steel or light-
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weight aluminum with high heat conductivity, considering
radiation performance.

[0028] The receiving place is formed as a groove on
each side, or four inner sides, of the square support
frame. The receiving place may be formed only on one
side, not on all of the four sides of the support frame. The
receiving place may also be formed in one piece with the
synthetic resin support frame, or a separate groove-
shaped metallic member may be attached to each side
of the support frame.

[0029] The reflector is optically designed to be able to
obtain desired light distribution. The reflector is config-
ured to have areflection surface covering the area around
the light-emitting element to obtain light distribution rota-
tionally symmetric with respect to the center axis of the
light-emitting element. The reflection surface is a side of
so-called square pyramid, or a concave side of a conical
having a rectangular opening shape. On the rear side of
the reflection surface, a cavity having a triangular vertical
cross-section is formed. The reflection surface may be
formed as a concave of a conical having a circular shape
of opening. In this case, on the rear side of a curved and
inclined bowl-shaped reflection surface, a corresponding
cavity is formed. The reflection surface is not limited to
a specific shape.

[0030] As a material of reflector, heat-resistant weath-
er-resistant insulating synthetic resin, such as polybuty-
lene terephthalate (PBT), acrylic, or acrylonitrile-Butadi-
ene-Styrene (ABS) is used considering radiation per-
formance. A reflector is formed in one piece. The surface
of the reflector may be painted white, or mirror finished,
or semi-mirror finished by evaporating or plating metal
such as aluminum and silver. Further, the reflector may
be made of metal such as aluminum and copper, and
may be painted white, evaporated, or plated.

[0031] The reflector may be provided in the number
corresponding to the number of light-emitting elements,
or the number of light-emitting element groups. Reflec-
tors formed separately may be combined to obtain the
same light distribution. Reflectors with different light dis-
tribution may be combined. One common reflector may
be provided for one or more light-emitting elements or
light-emitting element groups. The reflector is arranged
so that it is layered on the base substrate. The reflector
is combined with a light-emitting element and base sub-
strate, forming a light-emitting unit as a module.

[0032] For example, when four reflectors constitute a
reflection unit, the jointing pieces of adjacent reflectors
are diagonally placed at the corners of each reflector.
Each jointing piece is formed as a 1/4-divided part of a
cylinder so that four jointing pieces form one cylinder
when they are combined. The shape of a jointing piece
may be rectangular or polygonal, and the shape of com-
bined jointing pieces may be a square or polygonal col-
umn. The shape of a jointing piece may not be a perfect
circle in cross section when itis combined with other joint-
ing pieces. Clearance is allowed between jointing pieces.
Namely, a jointing piece may have any form as long as
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no clearance exists between adjacent reflectors when
combined with other jointing pieces. A jointing piece may
be formed in one piece with the reflector, or may be sep-
arately formed and attached to the corners of a reflector.
[0033] The terminal unitconnected to the light-emitting
element is configured to electrically connect the lead
wires, which supply electrical power to the light-emitting
elements, provided on the base substrate. The light-emit-
ting element and terminal are connected by using a con-
nector on a wiring pattern formed on the base substrate.
The lead wires may be directly soldered or screwed to
the wiring pattern. Wires may be directly connected to
the light-emitting elements without using a wiring pattern.
[0034] Thelead wires are used to connect the terminal
unit to the light-emitting unit As a power supply, or to
connect adjacent light-emitting units. The lead wires and
terminal unit are connected through the above-men-
tioned connector. The lead wires may be directly con-
nected to the wiring pattern on the base substrate by
soldering and or screwing. The lead wires connected to
the terminal unit are housed in the cavity formed between
the reflector and base substrate. The lead wires may be
completely or partially housed in the cavity, as long as
the lead wires do not disturb the installation operation.
[0035] When the light-emitting unit having a plurality
of the base substrates is used in one luminaire, the ter-
minal unit is located in the cavity formed between the
reflector and base substrate. The terminal units are con-
nected with lead wires arranged in the cavity. Therefore,
the lead wires are not exposed to the rear side of the
luminaire.

[0036] Afastening means unites adjacentreflectors by
bundling the jointing pieces, and determines the relative
positions of the reflectors. A fastening means may use a
circular jointing ring made of metal or synthetic resin. The
jointing ring gathers the jointing pieces by bundling them.
The jointing ring may be a C-shaped incomplete ring
spring member. A fastening means may use a wire or
string for bundling and uniting the jointing pieces. These
fastening means may be attached assuming later remov-
al. When the jointing pieces are bonded by adhesive
means, the adhesive means is included in the fastening
means. The above-mentioned fastening means may be
combined. Clearance between the reflectors is allowed
as long as it comes within an allowable range of light
leakage, or it does not spoil the appearance of the equip-
ment.

[0037] When the light-emitting unit having a plurality
of the reflectors is used in one luminaire, the reflectors
can be easily assembled without clearance by bundling
the jointing pieces by the jointing ring. Therefore, the re-
flectors do not leak light.

[0038] As cavities formed in the reflectors are com-
bined, a cavity formed between the reflector and base
substrate at the junction of adjacent reflectors may be
larger than a single cavity. A cavity may be formed only
in one reflector. Adjacent reflectors are preferably joined
without clearance from the viewpoint of the equipment
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appearance. Clearance between adjacent reflectors is
allowed as long as it does not spoil the appearance of
the equipment.

[0039] When the case of the lighting unit has a support
port which includes a entering part and a hitching part,
the luminaire can be securely installed in an installation
site on a ceiling, and the installation workability is im-
proved. The position to attach the case of the lighting unit
to the support frame can be selected from two or more
positions. This provides excellent workability in the lumi-
naire.

[0040] Theluminaire comprising the stopper piece and
lock mechanism as the engagement unit can securely
engage the equipment main body with the support frame.
The equipment main body can be engaged with the sup-
port frame by a simple operation, when the stopper piece
is configured to be rotationally movable. The stopper
piece is not carelessly moved, and the engagement unit
is not released, when the lock mechanism is provided.
[0041] In the luminaire, in which the terminal unit and
lead wires are arranged in the cavity between the reflector
and base substrate, the lead wires can be easily handled,
and the lead wires do not disturb the installation opera-
tion. Further, by arranging the reflectors flatly along the
base substrate, a larger light-emitting unit can be formed.
The terminal units provided in the reflector and the lead
wires connecting the terminal units are housed in the
cavity formed at the junction of adjacent reflectors. As
the lead wires are not exposed, the lead wires are easy
to handle, and improves the workability of installing the
luminaire.

[0042] The invention can be more fully understood
from the following detailed description when taken in con-
junction with the accompanying drawings, in which:

FIG. 1 is a sectional view of a luminaire according
to a first embodiment of the invention;

FIG. 2 is a sectional view showing an engagement
unit of the luminaire of FIG. 1;

FIG. 3 is a sectional view showing the engagement
unit along the line F3 - F3 in FIG. 2;

FIG. 4 is a front view showing a light-emitting unit of
the luminaire of FIG. 1;

FIG. 5 is a sectional view of the light-emitting unit
along the line F5 - F5in FIG. 4;

FIG. 6 is a sectional view of the light-emitting unit
with the part F6 in FIG. 5 magnified;

FIG. 7 is an exploded perspective view of the lumi-
naire shown in FIG. 1;

FIG. 8 is a magnified sectional view of a engaging
piece and receiving place of the luminaire shown in
FIG. 1;

FIG. 9 is a sectional view of the state in which the
engaging piece is hooked in the receiving place
shown in FIG. 8, and a main body frame is suspend-
ed from a support frame;

FIG. 10 is a sectional view of the state in which the
engaging piece is removed from the receiving place
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shown in FIG. 9;

FIG. 11 is a perspective view of the state in which a
support frame and a lighting unit of the luminaire
shown in FIG. 1 are going to be installed on a ceiling;
FIG. 12 is a enlarged view of attaching portion of the
support frame as shown in FIG. 11;

FIG. 13 is a sectional view of the state in which the
support frame and lighting unit of the luminaire
shown in FIG. 1 are installed on a ceiling;

FIG. 14 is a sectional view of the state in which a
main body frame having a light-emitting unit is sus-
pended from the support frame shown in FIG. 13;
FIG. 15 is a sectional view of the state in which the
main body frame shown in FIG. 14 is housed in the
support frame;

FIG. 16 is a perspective view of a modification of a
support frame of the luminaire shown in FIG. 1;
FIG. 17 is a side view of the state in which a support
frame of the luminaire shown in FIG. 1 is installed
on an inclined ceiling;

FIG. 18 is a sectional view of a first modification of
the engagement unit shown in FIG. 2;

FIG. 19 is a sectional view of a second modification
of the engagement unit shown in FIG. 2;

FIG. 20 is a perspective view of a first modification
of a lock mechanism of the engagement unit shown
in FIG. 2;

FIG. 21 is a front view of a first modification of the
luminaire shown in FIG. 1;

FIG. 22 is afront view of a light-emitting unit provided
in a luminaire according to a second embodiment of
the invention, with a part of a reflector broken away;
FIG. 23 is a sectional view of a light-emitting unit
along the line F23 - F23 in FIG. 22;

FIG. 24 is a vertical cross section of a luminaire pro-
vided with the light-emitting unit shown in FIG. 22;
FIG. 25 is a sectional view of the light-emitting unit
along the line F25 - F25 in FIG. 22;

FIG. 26 is a side view of a supporting member of the
luminaire shown in FIG. 24;

FIG. 27 is a plan view of the supporting member
shown in FIG. 26 and a hole in a base substrate
corresponding to the supporting member;

FIG. 28 is an exploded perspective view of the lumi-
naire shown in FIG. 24;

FIG. 29 is a magnified section view of a engaging
piece and a receiving place of the luminaire shown
in FIG. 24;

FIG. 30 is a sectional view of the state in which the
engaging piece is hooked in the receiving place
shown in FIG. 29, and a main body frame is sus-
pended from a support frame;

FIG. 31 is a sectional view of the state in which the
engaging piece is going to be removed from the re-
ceiving place shown in FIG. 30;

FIG. 32 is a perspective view of the state in which
the support frame and lighting unit of the luminaire
shown in FIG. 24 are installed on a ceiling;
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FIG. 33 is a sectional view of the state in which a
main body frame having a light-emitting unit is sus-
pended from the support frame shown in FIG. 32,
along the line F33 - F33 in FIG. 32;

FIG. 34 is a sectional view of the state in which the
main body frame shown in FIG. 33 is housed in the
support frame;

FIG. 35 is a sectional view of a first modification of
the light-emitting unit shown in FIG. 23;

FIG. 36 is a sectional view of a second modification
of the light-emitting unit shown in FIG. 23;

FIG. 37 is a front view of a light-emitting unit of a
luminaire according to a third embodiment of the in-
vention;

FIG. 38 is a sectional view of the light-emitting unit
along the line F38 - F38 in FIG. 37:

FIG. 39is arear view of the part around a supporting
piece shown in FIG. 38;

FIG. 40 is a sectional view of the light-emitting unit
along the line F40 - F40 in FIG. 37;

FIG. 41 is a perspective view of-the supporting piece
shown in FIG. 39 and the part around the supporting
piece;

FIG. 42 is an exploded perspective view of the sup-
porting piece and fastening member shown in FIG.
41;

FIG. 43 is a rear view of a first modification of the
light-emitting unit shown in FIG. 37;

FIG. 44 is arear view of a second modification of the
light-emitting unit shown in FIG. 37;

FIG. 45 is a perspective view of a first modification
ofthe supporting piece and fastening member shown
in FIG. 41;

FIG. 46 is a perspective view of a second modifica-
tion of the supporting piece and fastening member
shown in FIG. 38; and

FIG. 47 is a perspective view of a first modification
of the fastening member shown in FIG. 42.

[0043] A luminaire 10 according to a first embodiment
of the invention will be explained with reference to FIG.
1 to FIG. 20.

[0044] A luminaire 10 is a recessed ceiling type made
in the form of a flat square panel. As shown in FIG. 1,
the luminaire 10 comprises an equipment main body B,
a support frame 16, an engagement unit 14e, and a light-
ing unit 17. The equipment main body B comprises a
light-emitting unit A, and a main body frame 14. The light-
emitting unit A comprises light-emitting elements 11
forming a light-emitting unit. The main body frame 14
holds the light-emitting unit A on the inner periphery. The
support frame 16 holds the main body frame 14 on the
inner periphery, and pivotally supports one end portion
of the main body frame 14. The engagement unit 14c
engages the other end portion of the main body frame
14 with the support frame 16. The lighting unit 17 lights
up the light-emitting elements 11.

[0045] The light-emitting element 11 comprises a light-
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emitting diode (LED), and a fluorescent substance. In
this embodiment, the light-emitting element comprises a
blue LED chip, and a yellow fluorescent substance ex-
cited by the LED chip, and emits white high power light.
The light-emitting unit A comprises a base substrate 11a,
areflector 11c, and a terminal unit40, as shownin FIG. 5.
[0046] The base substrate 11a is made of heat-resist-
ance weather-resistant insulating synthetic resin, white
polybutylene terephthalate (PBT) in this embodiment,
and is molded as a square flat plate. The base substrate
11a may comprise a glass epoxy or aluminum substrate.
The light-emitting elements 11 are mounted on the front
surface of the base substrate 11a. The light-emitting el-
ements 11 are arranged in square, four each in vertical
and horizontal directions, total 16 pieces. Four base sub-
strates of the same shape are combined. As shown in
FIG. 4, the light-emitting unit A has sixty-four light-emit-
ting elements 11. The light-emitting elements 11 are con-
nected in series by the wiring formed on the rear side of
the base substrate 11a.

[0047] The reflector 11c is provided on the front sur-
face ofthe base substrate 11a, on which the light-emitting
elements 11 are mounted. The reflector 11c is made of
heat-resistant insulating synthetic resin, white polybuty-
lene terephthalate (PBT) in this embodiment. As shown
in FIG. 4, the reflector 11¢ has a square pyramid concave
portion 11d corresponding to the number of light-emitting
elements 11. As shown in FIG. 5 and FIG. 6, the concave
portion 11d is shaped like a conical or funnel, whose
cross section parallel to the base substrate 11a is rec-
tangular.

[0048] As shown in FIG. 4, the light-emitting element
11 is located at the center of the opening 11e at the bot-
tom of the concave portion 11d. In other words, the light-
emitting element 11 is provided in each concave portion
11d of the reflector 11c. The reflector 11c has an exit port
11f to emit light from the light-emitting element 11 to the
outside. The exit port 11f is formed rectangular as shown
in FIG. 4.

[0049] The reflector 11c is molded in one piece with
sixteen concave portions 11d corresponding to each
light-emitting element 11. As shown in FIG. 6, the reflec-
tor 11c is molded so that any part of the wall forming the
concave portion 11d has the same thickness. In other
words, a tunnel-shaped cavity 11g is inevitably formed
between the rear side of the reflector 11e and the base
substrate 11a. The cavity 11g formed between the rear
side of the reflector 11c and the base substrate 11a has
a triangular vertical cross section. The cavity 11g is ex-
tended in parallel crosses between the light-emitting el-
ements 11, and in parallel to the sides of the base sub-
strate 11a and reflector 11c.

[0050] The reflector 11cis configured to have a reflec-
tion surface 11h on the inside surface of the square con-
ical-shaped concave portion 11d, to obtain light distribu-
tion rotationally symmetric with respect to the center axis
of the light-emitting element 11. The reflection surface
11h covers the part surrounding the light-emitting ele-
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ment 11, and extends to the square exit port 11f. The
reflection surface 11h may be mirror finished by evapo-
rating or plating aluminum or silver.

[0051] Foursquare base substrates 11a and reflectors
11c configured as described above form a square light-
emitting unit A, that is a light-emitting unit, as shown in
FIG. 4. In other words, the square base substrate 11a
having sixteen light-emitting elements 11, and the square
reflector 11c having sixteen concave portions 11d are
arranged in vertical and horizontal directions, two in each
direction, total four. The light-emitting unit A has a radiator
plate 11j on the rear side of the base substrate 11a op-
posing the side provided with the reflector 11d. The ra-
diator plate 11j is made of a steel plate or metal such as
aluminum with high heat conductivity, a square steel
plate in this embodiment, and is formed in one piece with
a brim 11k rising from each side of the outer periphery.
[0052] The base substrate 11ais positioned on the ra-
diator plate 11j by the brim 11k. The reflector 11c is ap-
plied to the front side of the base substrate 11a. The
reflector 11]c is fastened to the base substrate 11a from
the rear side of the radiator plate 11j with a screw, so that
the bottom of the reflector closely contacts the surface
of the base substrate 11a. The reflector 11c may be at-
tached to the front surface of the substrate 11a with heat-
resistant insulating adhesive made of silicon resin or
epoxy resin. The square flat light-emitting unit A, which
has the light-emitting elements 11 as a light source, is
configured as described above.

[0053] The main body frame 14 is made of metal with
high heat conductivity, white painted aluminum in this
embodiment, and is formed in one piece with a square
frame body 14a. The frame body 14a is sized to contain
the light-emitting unit A. The equipment main body B of
the square luminaire is constructed by inserting the light-
emitting unit A into the main body frame 14. The main
body frame 14 is formed in one piece with an outer flange
14b that is an ornamental frame projecting outward, on
four outer sides the frame body 14a. The outer flange
14b has a hook-shaped projecting engaging piece 14d
onone side, as shown in FIG. 8. The engaging piece 14d
is extended along one side of the frame body 14a, having
a predetermined cross section shape, and is formed in
one piece with the outer flange 14b of the frame body
14a. The engaging piece 14d engages with a receiving
place 16d of the support frame 16 described later, and
connects one end of the equipment body B pivotally turn-
able to the support frame 16.

[0054] The main body frame 14 has an engagement
unit 14e at substantially the middle of the side opposing
the side on which the engaging piece 14d is formed, as
shown in FIG. 1 to FIG. 3. The engagement unit 14e has
a function to hold the main body frame 14 inside the sup-
port frame 16. The engagement unit 14e comprises a
stopper 14e1, a bearing 14e2, a screw head 14e3, a pro-
jection 14e4, a stopper piece 14e5, and a recess 14¢€6,
as shown in FIGS. 2 and 3.

[0055] AsshowninFIG. 2, the stopper 14e1 is a round
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shaft made of metal or synthetic resin, a round metallic
shaft in this embodiment, and formed in one piece with
the screw head 14e3 and stopper piece 14e5. The bear-
ing 14e2 is made of synthetic resin, formed in one piece
with the side plate 14k of the main body frame 14, and
movably supports the stopper 14e1. The bearing 14e2
is shaped cylindrical extending to the outer periphery of
the side plate 14k, as shown in FIG. 3. The screw head
14e3 is provided in the end portion of the stopper 14e1,
penetrating the outer flange 14b of the frame body 14a.
The stopper piece 14e5 is projected longwise in the di-
rection orthogonal to the center of the axis in one piece
with the stopper, as shown in FIGS. 1 and 2.

[0056] The screw head 14e3 has a groove to rotate
the stopper 14e1. As long as the stopper 14e1 can be
rotated, the shape of the groove may be linear or cross,
or may be a hexagonal hole or a particular shape corre-
sponding to a specific jig. By making the screw head in
the form not applicable to a common tool, operation by
a third person can be prevented.

[0057] The projection 14e4 and recess 14e6 form a
lock mechanism 141 as shown in FIG. 3. The lock mech-
anism 141 is provided between the stopper 14e1 and
bearing 14e2. The projection 14e4 is provided at the mid-
dle of the stopper 14e1 apart from the stopper piece 14e5
in the direction to the center of axis, and is projected in
the direction orthogonal to the center of axis. The recess
14e6 is provided at the middle of the bearing 14e2, and
engages with the projection 14e4 when the stopper piece
14e5 comes to the position where the main body frame
14 engages with the support frame 16. As shown in FIG.
3, the recess 14e6 of this embodiment is formed by a
small hole penetrating the cylindrical wall of the bearing
14e2.

[0058] The metallic shaft of the stopper 14e1 is insert-
ed into the bearing 14e2 through a penetrated hole 14m
formed in the outer flange 14b of the main body frame
14. When the screw head 14e3 is turned, the stopper
piece 14e5 is separated from the side plate 14k of the
main body frame 14, and engages with the inner flange
16b of the support frame 16. At the same time, the pro-
jection 14e4 of the lock mechanism 141 is rotated. At this
time, the resin-made bearing 14e2 is bent by its own elas-
ticity. In the state in which the stopper piece 14e5 engag-
es with the inner flange 16b, the projection 14e4 fits in
the recess 14e6 of the bearing 14e2. As a result, the
rotation of the stopper 14e1 is controlled, and the stopper
is locked.

[0059] Theinnerflange 14nisformed in one piece with
the main body frame 14 in the inner periphery of the frame
body 14a as shown in FIGS. 1 and 2. The inner flange
14nis an ornamental frame projecting to the inside of the
frame body 14a. The inner flange 14n locks the light-
emitting unit A, so that the light-emitting unit A does not
come out the main body frame 14 when it is inserted into
the main body frame 14. The light-emitting unit A is held
in the main body frame 14 so that when the unit A is
inserted into the main body frame 14, four locations of
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the unit A are pressed to the inner flange 14n of the main
body frame 14 by a pressing member such as a leaf
spring.

[0060] The luminaire 10 of this embodiment comprises
a transmissive plate 18 and a light control unit 19 as
shown in FIG. 1. The transmissive plate 18 is arranged
on the front side that is a projecting side of the light-emit-
ting unit A. The transmissive plate 18 is formed square,
and made of translucent opaque synthetic resin, so as
to cover the light-emitting element 11 and reflector 11c.
The light control unit 19 is arranged between the trans-
missive plate 18 and inner flange 14n. The light control
unit 19 is made in the form of a square lattice to be housed
in the frame body 14a, and has sufficient length in the
direction of the light emitted from the light-emitting ele-
ment 11. The transmissive plate 18 and light control unit
19 are inserted into the frame body 14a of the main body
frame 14, together with the light-emitting unit A. In the
inner flange 14n of the main body frame 14, the light
control unit 19, transmissive plate 18 and light-emitting
unit A are layered in this order, and held by a holding
member.

[0061] The support frame 16 is provided in an instal-
lation site on a ceiling as shown in FIG. 13. The support
frame 16 is made of metal with high heat conductivity,
such as aluminum alloy painted white like the main body
frame 14, in this embodiment, and is formed in one piece
with the square frame body 16a. The frame body 16a is
sized to contain the main body frame 14, as shown in
FIG. 1 and FIG. 7. The support frame 16 supports the
square equipment main body B comprising the light-emit-
ting unit A and main body frame 14 as shown in FIG. 1.
[0062] The support frame 16 has an inner flange 16b
in the frame body 16a, which is formed in one piece of
the support frame and extended inward. The distal end
portion of the inner flange 16b is formed in one piece with
a step 16¢, as shown in FIG. 8. In the step 16¢, a shallow
groove-shaped receiving place 16d opening upward is
formed in the inner flange 16b as shown in FIG. 8. The
receiving place 16d is formed long in one piece with the
frame body 16a along at least one side of the frame body.
The luminaire 10 of this embodiment has the receiving
place 16d on every side, or four sides, of the square sup-
port frame 16. In the luminaire 10, the outer flange 16e
extending outward is formed in one piece with the frame
body 16a. The outer flange 16e functions as an orna-
mental frame when the equipmentis installed on a ceiling.
[0063] The groove-shaped receiving place 16d engag-
es with the engaging piece 14d of the main body frame
14 as shown in FIG. 8. As the engaging piece 14d en-
gages with the receiving place 16d, the main body frame
14 is swiveled with respect to one side of the support
frame 16, just like a hatch is opened and closed. The
engaging piece 14d and receiving place 16d function as
a hinge C as shown in FIG. 8, and prevents coming-off
of the main body frame 14 from the support frame 16
when the main body frame 14 is released, as shown in
FIG. 9.
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[0064] The support frame 16 and main body frame 14
are shaped square. The receiving place 16d is formed
on four sides of the support frame 16. Therefore, the en-
gaging piece 14d of the main body frame 14 can engage
with any receiving place 16 on any side. The support
frame 16 has a steel-plate mount piece 16g on a pair of
opposing side plates 16f as shown in FIG. 11. The mount
piece 16g has a screw hole 16h at the center as shown
in FIG. 12.

[0065] The lighting unit 17 comprises a lighting circuit
171 and a case 17a. The lighting circuit 17a converts ac
100V into dc 24V, and supplies it to a light-emitting diode
chip. The ac voltage and converted dc voltage supplied
to the lighting circuit are not limited to the above valves.
The voltage values are differentin countries and localities
where the luminaire 10 is installed, or the conditions of
using the luminaire 10.

[0066] As shown in FIG. 11, the case 17a is made of
a steel plate, and is made in the form of a long rectangular
parallelepiped reaching the opposing side plates 16f of
the support frame 16. The lighting circuit 171 is housed
in the case 17a. The side plates 17c formed at both ends
of the case 17a are continued through a top plate 17d.
The case 17a has a support port 172 cut across the side
plate 17¢c and top plate 17d. The support port 172 com-
prises a entering part 17e and a hitching part 17f. The
entering part 17e is opened on the side plate 17c. The
hitching part 17f is opened on the top plate 17d, and is
continued to the entering part 17e.

[0067] The case 17aformed as above is supported by
suspension bolts 20 and nuts 21 as shown in FIG. 11
and FIG. 13. The suspension bolts 20 are extended
downward from a support member 30 on a ceiling. The
nuts 21 are assembled to the suspension bolts 20. The
entering part 17e is sized to pass the nut 21 attached to
the suspension bolt 20. The suspension bolts 20 can pass
the hitching part 17f inward from outside the side plate
17c¢, while the nuts 21 cannot pass the hitching part 17f
formed in the side plate 17c or the top plate 17d.
[0068] The side plate 17c has a connecting hole 17g
in the lower part of the entering part 17e. The case 17a
holding the lighting circuit 171 is located across the side
plates 16f provided on the opposite sides of the support
frame 16, as shown in FIG. 11. The connecting hole 17g
is aligned with a screw hole 16h of a mount piece 16g
attached to the side plate 16f of the support frame 16,
and is fastened with a screw. The screw hole 17h and
connecting hole 17g may be provided at reverse posi-
tions. In other words, a penetrating hole may be provided
inthe mount piece 16g, and ascrew hole may be provided
in the side plate 17c.

[0069] Further, as showninFIG. 11, a terminal unit 17j
connected to the output part of the lighting circuit 171 is
led out from one side of the case 17a. As shown in FIG.
14, the light-emitting unit A has a connector 12c at the
distal end of a lead wire 41 connected to the input termi-
nal. The terminal unit 17j is connected to the connector
12c. As shown in FIG. 14, the terminal unit 17j is provided
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sufficiently long not to receive a tensile force in the state
being connected to the connector 12c, even if the main
body frame 14 is opened to the position suspending from
the support frame 16. The lead wire 41 connected to the
connector 12c may be provided sufficiently long. The
case 17a may be located so that the side from which the
terminal unit 17j is led out comes close to the receiving
place 16d of the support frame 16 connected to the en-
gaging piece 14d of the main body frame 14.

[0070] As described above, the luminaire 10 compris-
ing a light-emitting unit A, a main body frame 14, a support
frame 16, and a lighting unit 17 is installed on a ceiling
X that is an installation place in the procedures shown in
FIG. 13 to FIG. 15. The ceiling X has a square hole h that
is previously opened to the size to allow insertion of the
support frame 16. Two suspension bolts 20 are provided
in the support member 30 on the backside of the ceiling.
These suspension bolts 20 are prepared at the positions
corresponding to the support ports 172 formed inthe case
17a of the lighting unit 17. Each suspension bolt 20 has
two nuts 21 as shown in FIG. 11.

[0071] First, as shown in FIG. 11, the lighting unit 17
is mounted on the support frame 16. Then, as shown in
FIG. 13, the support frame 16 combined with the lighting
unit 17 is installed in the hole h on the ceiling X with the
case 17afaced up. In the case 17ainserted into the ceil-
ing X, the nut 21 of the corresponding suspension bolt
20 is inserted into the entering part 17e of the support
port 172. At this time, the lower nut 21 of two nuts 21 is
inserted into the support port 172 through the entering
part17e. The suspension bolt 20 is inserted into the hitch-
ing part 17f from the outside of the side plate 17c of the
case 17a. The upper nut 21 is previously screwed at a
sufficiently high position to be positioned above the top
plate 17d of the case 17a. When the other suspension
bolt 20 is inserted into the corresponding support port
172 of the case 17a, one of the suspension bolts 20 is
curved, and the lower nut 21 is inserted through the en-
tering part 17e. The suspension bolt 20 is inserted into
the support port 172 through the hitching part 17f.
[0072] After the suspension bolt 20 is inserted into the
support port 172, the support frame 16 is adjusted to the
hole h. At this time, the installation position is adjusted
by sliding the support frame 16 to the suspension bolt 20
in the range of the hung-up part 17f of the case 17a, so
that the jagged inner inside edge of the hole h is hidden
by the outer flange 16e, which becomes an ornamental
frame of the support frame 16. As a result, the installation
position of the support frame 16 to the ceiling X is deter-
mined. After the installation position of the support frame
16 is determined, two nuts 21 of each suspension bolt
20 are tightened so as to hold the case 17a from the
upper and lower sides. As a result, the case 17a is se-
cured totwo suspension bolts 20. Inthe above procedure,
the support frame 16 is supported by the support member
30 on the backside of the ceiling through the case 17a
of the lighting unit 17, as shown in FIG. 13.

[0073] Thelightingunit 17 is attached across two sides
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of the support frame 16, crossing over the frame body a.
Therefore, as shown in FIG. 11, the side of the lighting
unit 17 not connected to the support frame 16 forms an
opening a leading to the backside of the ceiling. The op-
eration of installing the support frame 16 on the ceiling
X can be done while visually checking the conditions of
the backside of the ceiling or the states of the suspension
bolts 20 and nuts 21, through the opening a. A series of
operation of securing the support frame 16 to the ceiling
X is performed in the state in which the equipment main
body B combined with the light-emitting unit A and main
body frame 14 is not being assembled to the support
frame 16. The support frame 16 is made of light material
such as aluminum and synthetic resin, and can be easily
held up when installing.

[0074] Next, the main body frame 14 is raised, and the
engaging piece 14d is engaged with the receiving place
16d of the support frame 16. As the receiving place 16d
is formed on four sides of the square support frame 16,
the engaging piece 14d of the main body frame 14 can
engage with any lock mount 16d. Therefore, it is possible
to engage appropriate engaging piece 14d with suitable
receiving place 16d, according to conditions such as ob-
stacles around the ceiling X. As described above, the
main body frame 14 is suspended from one side of the
support frame 16. The light control unit 19, transmissive
plate 18, and light-emitting unit A are inserted in this order
into the frame body 14a of the suspended main body
frame 14, and held by a holding member. As a result, the
light-emitting unit A is assembled in one piece with the
main body frame 14 as shown in FIG. 14.

[0075] The terminal unit 17j led out from one side of
the case 17a of the lighting unit 17 is connected to the
connector 12c attached to the distal end of the lead wire
41 of the light-emitting unit A. When the wiring of the
lighting unit 17 and light-emitting unit A is done close to
the hinge C, the lead wire 41 of the light-emitting unit A
can be educed. The wire connecting operation can be
done while the main body frame 14 is being suspended
from the support fame 16, and improving the workability.
[0076] The hinge Cis constructed by engaging the en-
gaging piece 14d with the receiving place 16d. The main
body frame 14 is rotationally moved about the hinge C,
the center of axis, in the direction of pushing up the hinge
C as indicated by the arrow in FIG. 14, and closes the
opening of the support frame 16 so as to fit the main body
frame 14 in the support frame 16.

[0077] The main body frame 14 makes the engage-
ment unit 14e provided on the side opposite to the hinge
C contact with the flange 16b of the support frame 16.
As shown in FIG. 2 and FIG. 3, when the screw head
14e3 of the stopper 14e1 exposed to the surface of the
main body frame 14 is turned to the left or right by using
a specialized tool, the stopper piece 14e5 separates from
the side plate 14k of the main body frame 14, and en-
gages with the inner flange 16b. Namely, the main body
frame 14 is assembled to the support frame 16, when
one side engages with the engaging piece 14d and re-
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10

ceiving place 16d, and the other side engages with the
engagement unit 14e.

[0078] The projection 14e4 of the lock mechanism 141
fits in the recess 14e6 of the bearing 14e2 and the rota-
tional movement of the stopper 14e1 is limited as shown
in FIG. 3, when the stopper piece 14e5 engages with the
inner flange 16b as shown in FIG. 2. The stopper 14e5
is not loosened by vibration even if the engagement unit
14eis used for a long period. Therefore, the engagement
unit 14e is not disengaged from the inside of the inner
flange 16b of the support frame 16. The equipment main
body B is securely jointed to the support frame 16, and
prevented from coming off, and the safety is secured.
The luminaire 10 comprising the light-emitting unit A,
main body frame 14, support frame 16 and lighting unit
is installed on the ceiling X in the above procedures.
[0079] The edge of the opening on the ceiling X is cov-
ered by the outer flange 162 of the support frame 16 as
shown in FIG. 13 to FIG. 15. The outer flange 16e of the
support frame 16 and the outer flange 14b and inner
flange 14n of the main body frame 14 are arranged on
the same level, and flatly installed on the ceiling X, pro-
viding good appearance. When the luminaire 10 is lit, the
light-emitting elements 11 of the light-emitting unit A are
litwhite. The light emitted from the light-emitting elements
spreads downward and sideways. This light is reflected
on the reflection surface 11h of the reflector 11c, lighting
a wide circular area around the luminaire, as well as the
area immediately below the luminaire. Further, a part of
the light reflected on the reflection surface 11h is emitted
to the sideways of the luminaire 10, lighting a wide area
on the ceiling X.

[0080] The heat generated from the light-emitting ele-
ments 11 during lighting of the luminaire 10 is radiated
from the base substrate 11a to the outside through the
steel-plate radiator 11j. The heat from the lighting unit 17
is radiated through the steel-plate case 17a and alumi-
num support frame 16. This prevents lowering of the light-
emitting efficiency of the light-emitting diodes constituting
the light-emitting elements 11. In other words, the lumi-
naire 10 can prevent lowering of light flux accompanying
with a temperature increase. The service life of the light-
emitting diodes is increased, and the reliability of the cir-
cuit components of the light-emitting unit 17 is improved.
[0081] The light-emitting unit A is removed in the fol-
lowing procedures, when the light-emitting unit A is re-
moved for maintenance of the light-emitting elements 11
as a light source or other parts. First, as shown in FIG.
2 and FIG. 3, the screw head 14e3 of the stopper 14e1
is turned to the left or right by using a specialized tool.
The resin-made bearing 14e2 is bent by elasticity, and
the projection 14e4 is disengaged from the recess 14e6
of the bearing 14e2, and the lock is released. The turning
of the stopper 14e1 releases the engagement between
the stopper piece 14e5 and inner flange 16b and the en-
gagement between the projection 14e4 and recess 14e6
of the lock mechanism.

[0082] When the engagements are completely re-
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leased, the main body frame 14 is rotationally moved
about the center of axis of the hinge C, in the direction
reverse to the arrow shown in FIG. 14 from the support
frame 15. FIG. 8 shows the cross section of the hinge C
in the state in which the main body frame 14 closes the
opening a of the support frame 16. FIG. 9 shows the
cross section of the hinge C in the state in which the main
body frame 14 opens the opening a of the support frame
16. When the main body frame 14 is opened, the engag-
ing piece 14d engages with the receiving place 16d as
shown in FIG. 9, the main body frame 14 is suspended
in being opened without coming off the support frame 16
as shown in FIG. 14.

[0083] First the holding member is removed, and the
light-emitting unit A is removed from the main body frame
14, when the light-emitting unit A is removed from the
main body frame 14 in the state in which the main body
frame 14 is being suspended from the support frame 16.
When the light-emitting unit A is removed together with
the main body frame 14, the main body frame 14 is turned
farther from the state shown in FIG. 9 in the opening
direction as shown in FIG. 10, and the engaging piece
14dis disengaged fromthe receiving place 16d. The light-
emitting unit A can be replaced in a stable place after
once removing together with the main body frame 14,
when only the light-emitting unit A is replaced. Therefore,
the high-place operation can be reduced, when the lumi-
naire 10 is installed on a high ceiling such as the ceiling
in a hall, a dome, a stadium, and a theater.

[0084] Further, when the luminaire 10 is replaced, first
the equipment main body B is removed from the ceiling
X as described above, and then the support frame 16
and lighting unit 17 are removed from the ceiling X in the
procedures reverse to the installation. In particular, the
nuts 21 of the suspension bolts 20 are loosen, one of the
suspension bolts 20 is curved, and slid from the hitching
part 17f to entering part 17e of the case 17a. One of the
suspension bolts 20 is removed from the case 17a by
passing the nut 21 through the entering part 17e. The
case 17a is slid for the other suspension bolt 20, after
the one of the suspension bolts 20 is removed. The nut
21 is through the entering part 17e, and the other sus-
pension bolt 20 is removed from the hitching part 17f.
The lighting unit 17 can be removed together with the
support frame 16 in being attached to the support frame.
The operation of removing the support frame 16 and light-
ing unit 17 can be performed while monitoring the states
of the suspension bolts 20 and nuts 21 through the open-
ing a of the support frame 16.

[0085] As described above, according to this embod-
iment, the luminaire 10 comprises the main body frame
14 to house the light-emitting unit A, and the support
frame 16 to hold the main body frame on a ceiling, which
are formed as separate disassembling parts. The main
body frame 14 has a hook-shaped engaging piece 14d
on one side of the square frame body 14a shaped. The
support frame 16 has a groove-shaped receiving place
16d to engage with the engaging piece 14d on each side
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of the square frame body 16a. First, only the support
frame 16 is installed on the ceiling X, and then the main
body frame 14 combined with the light-emitting unit A is
installed, when the luminaire 10 is installed. The instal-
lation operation can be performed while monitoring the
situation of the backside of the ceiling and the states of
the suspension bolts 20 and nuts 21 through the opening
a of the support frame 16. The main body frame 14 and
support frame 16 can be separately installed. Hence the
installation operation is light and easy.

[0086] The mainbody frame 14 isjointed to the support
frame 16 by engaging the engaging piece 14d with the
receiving place 16d of the previously installed support
frame 16. The light-emitting unit A can be installed in the
main body frame 14 being suspended from the support
frame 16. As described above, when the luminaire 10 is
installed on a ceiling, first the support frame 16 made of
light material such as synthetic resin or light metal such
as aluminum is installed, and then equipment main body
B combined with the light-emitting unit A and main body
frame 14 is installed. In a conventional luminaire formed
in one piece, a relatively light part such as a lighting unit
must be supported until a luminaire is completely in-
stalled and suspended from a ceiling.

[0087] The luminaire 10 of this embodiment facilitates
installation on an installation site such as a ceiling. In
particular, the luminaire 10 adopting a light-emitting diode
as a light source is light in weight and excellent in work-
ability in installation.

[0088] Further, the support frame 16 has a receiving
place 16d on four sides of the square frame body 16a,
as shown in FIG. 11 and FIG. 13. Therefore the main
body frame 14 can engage the engaging piece 14d with
any receiving place 16d on any side. It is possible to
select suitable engaging piece 14d and receiving place
16d, by checking whether the main body frame 14 can
be opened and closed with respect to the support frame
16, or watching situation, or obstacles near the ceiling.
On the occasion of maintenance of the luminaire 10 after
the equipment is once installed, the main body frame 14
is removed from the support frame 16. It is possible to
avoid contacting of the light-emitting unit A with an ob-
stacle near the ceiling X by checking before installation.
[0089] The engaging piece 14d and receiving place
16d are shaped long along one side of the frame body
14a and 16a of the main body frame 14 and support frame
16 as shown in FIG. 7. As the engaging piece 14d en-
gages with the receiving place 16d in a wide area, the
mechanism of the hinge C is stabilized, and the opera-
bility is improved in rotationally moving the main body
frame 14. As the engaging piece 14d and receiving place
16d are provided over the entire length of one side of the
frame bodies 14a and 16a, clearance between the main
body frame 14 and support frame 16 is negligible. This
improves the appearance of the luminaire 10.

[0090] The case 17a of the lighting unit 17 is attached
to the support frame 16 as shown in FIG. 11. In the lu-
minaire 10, the installation operation is simplified, since
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the lighting unit 17 can be installed simultaneously when
the support frame 16 is installed on the ceiling X. When
the terminal unit 17j of the lighting unit 17 is provided
close to the groove-shaped receiving place 16d of the
support frame 16, that is the hinge C, it is shortened the
wiring length of the lead wire 41 connecting the lighting
unit 17 and light-emitting unit A. Since the lead wire 41
is wired in a minimum necessary length on the rear side
of the light-emitting unit A, the lead wire 41 does not dis-
turb the installation and maintenance of the luminaire 10.
This facilitates the installation and maintenance. In ad-
dition, as the length of the lead wire 41 is reduced, a risk
of breaking the wire is decreased. As the necessary
length of the lead wire is reduced, the material cost can
be decreased, reducing the total costs.

[0091] Intheluminaire 10 of this embodimentas shown
in FIG. 13 through FIG. 15, the case 17a assembled with
the lighting circuit 171 is supported by the suspension
bolts 20. As the luminaire 10 is installed in an installation
site on the backside of the ceiling X, the luminaire 10 is
securely and rigidly supported compared with a conven-
tional luminaire which is secured to a ceiling panel by the
elasticity of a leaf spring. Therefore, the size of the lumi-
naire 10 can be increased. In this case, the supporting
structure has a support port 172 cut across the side plates
17c¢ at both ends of the case 17a and the top plate 17d.
As the support port 172 is provided at a corner with high
rigidity, the case 17a is prevented from unnecessary de-
formation. The support port 172 includes a entering part
17e and a hitching part 17f, which are secured to sus-
pension bolt 20 with nut 21. The entering part 17 is sized
to allow insertion of the nut 21 of the suspension bolt 20.
The hitching part 17f is sized to permit insertion of the
suspension bolt 20, but not to permit insertion of the nut
21. The nut 21 secured to the suspension bolt 20 is in-
serted into the hitching part 17f through the entering part
17e. The suspension bolt and case 17a can be engaged
and supported by simple sliding operation, improving the
workability.

[0092] The case 17a is supported across the support
frame 16. An opening a is formed on both sides of the
lighting unit 17. The states of the suspension bolt 20 and
nut 21 can be checked and adjusted through the opening
a by inserting a hand.

[0093] Further, the luminaire 10 is provided with the
engagement unit 14e in the main body frame 14 opposite
to the hinge C as shown in FIG. 14 and FIG. 15. The
engagement unit 14e engages with the inner flange 16b
of the support frame 16 by rotating the stopper piece
14e5. The stopper 14e1 can be operated simply by turn-
ing the screw head 14e3 exposed to the surface of the
main body frame 14 by about 90°. This eliminates tedious
conventional work of turning small screws many times.
Even if the luminaire 10 is installed in a high place or dark
place, the workability of specialized tool is not extremely
decreased.

[0094] The engagement unit 14e has a lock mecha-
nism 141 which shown in FIG. 3. The lock mechanism
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141 securely controls the rotation of the stopper piece
14e5. Asthelock mechanism 141 is provided, the stopper
piece 14e5 is not loosened by vibration or long-time use,
and the engagement with the support frame 16 is not
released. The main body frame 14 holding the light-emit-
ting unit A is fixed to the support frame 16 by the engage-
ment unit 14e. The light-emitting unit A uses a small light-
emitting diode as a light source, and the weight of the
whole unit is decreased.

[0095] The engagement unit 14e shown in FIG. 2 and
FIG. 3 is provided in one piece with the main body frame
14, and comprises a bearing 14e2, and a metallic stopper
14e1 fit to the bearing 14e2. The engagement unit 14e
is very simple in structure, and low in cost. The lock mech-
anism 141 has a simple structure comprising a projection
14e4 formed in the metallic stopper 14e1, and a recess
14e6 formed in the bearing 14e2. The locking operation
can be done simultaneously with the rotational move-
ment of the stopper 14e1. Any special operation is un-
necessary for locking, and the operability is maintained.
The bearing 14e2 is formed in one piece with the main
body frame 14 made of light material such as synthetic
resin and aluminum. The bearing 14e2 is configured to
engage the projection 14e4 in the recess 14e6 by the
elastic force. The lock mechanism 141 needs not to use
any specific elastic member such as a spring, and is very
simple in structure, and low in cost. The lock mechanism
is unlocked simultaneously with disengagement of the
engagement unit 14e, when the equipment main body B
is removed from the support frame 16. The luminaire 10
needs any releasing operation for unlocking the lock
mechanism 141, and the operability is excellent.

[0096] In the luminaire 10 of this embodiment, the re-
ceiving place 16d of the support frame 16 is provided on
all of four sides of the frame body 16a as shown in FIG.
11and FIG. 13. The receiving place 16d may be provided
to lock the engaging piece 14d of the main body frame
14, and to make the main body frame 14 rotationally mov-
able with respect to the support frame 16. Therefore, the
receiving place may be provided only on the side oppos-
ing the side provided with the engagement unit 14e. In
this embodiment, the receiving place 16d and engaging
piece 14d are formed over the entire length of the sides
of the frame body 14a and 16a. One or both of the en-
gaging piece 14d and receiving place 16d may be shorter
than the side of the frame body, as long as the function
of suspending the main body frame 14 combined with
the light-emitting unit A is ensured.

[0097] The plurality of the screw hole 16h of the mount
piece 169 attached to the side plate 16f located on the
opposing side of the support frame 16 are provided, three
screw holes 16h are provided in this embodiment, as
shown in FIG. 16, for assembling the case 17a of the
lighting unit 17 to the support frame 16. The screw holes
16h are arranged atregularintervals, and the screw holes
16h on the opposing sides are used in pair. One of the
three pairs of screw holes 16h may be selected, and the
position to secure the case 17a to the support frame 16
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may be selected.

[0098] For example, the screw hole 16h is chosen to
assemble the lighting unit 17 at the position indicated by
a broken line in FIG. 15 to avoid any structure such as a
C-shaped channel, which is extending on the backside
of ceiling and interferes with the lighting unit 17. A long
hole may be provided instead of the screw hole 16h, to
permit selection of a desired position in the long contin-
uously hole. In this case, a screw hole is formed in a
connecting hole 17g provided on the side plate 17c of
the case 17a.

[0099] Further, as shown in FIG. 17, the luminaire 10
may be installed on the inclined ceiling X. In this case,
the side plate 17c of the case 17a is assembled rotation-
ally movable with respect to the mount piece 16g of the
support frame 16. As shown in FIG. 17, the case 17a of
the lighting unit 17 is suspended flatly in the direction
along the level line such as the inclined surface, with
respect to the suspension bolt 20 extended from the sup-
port member X1 provided on the inclined ceiling X. The
support frame 16 is assembled obliquely to meet the in-
clination of the ceiling X with the connecting hole 17g
taken as a center.

[0100] In this case, the hinge C supporting the main
body frame 14 rotationally movable with respect to the
support frame 16 is provided on the higher side or lower
side of the inclination of the ceiling X as shown in FIG.
17. If the hinge C is located with its axis of center along
the direction going down the inclined surface, the main
body frame 14 is partly opened, and the installation op-
eration becomes difficult. In this embodiment, the receiv-
ing place 16d of the support frame 16 is provided on all
of four sides of the frame body 16a. Therefore, even if
the ceiling X is inclined, the receiving place 16d can be
easily selected so thatthe hinge Cis located on the higher
side or lower side of the inclination.

[0101] The engagement unit 14e is not limited to the
rotationally movable mechanism shown in FIG. 2 and
FIG. 3. The engagement unit 14e may engage the main
body frame 14 with the support frame 16 installed on the
ceiling X, and may comprise a stopper piece 14e5 and
a lock mechanism 141. In this case, the stopper piece
14e5 moves relatively to the main body frame 14 and
support frame 16, and engages them. The lock mecha-
nism 141 holds the stopper piece 14e5 at the position to
engage the main body frame 14 with the support frame
16.

[0102] The stopper piece 14e5 may slide, and engage
the main body frame 14 with the support frame 16 as
shown in FIG. 18. FIG. 18 shows a first modification of
the engagement unit 14e. The stopper piece 14€e5 of the
stopper 14e1 consists of a slidable piece made of metal
or synthetic resin. The stopper piece 14e5 is slidably in-
serted into the guide hole 14e7 formed in the side plate
14k of the main body frame 14. The stopper piece 14e5
is moved by a knob 14e3’ exposed to the surface of the
main body frame 14. FIG. 18 shows the state in which
the stopper piece 14e5 is being engaged with the inner
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flange 16b. In this case, the lock mechanism 141 is con-
structed by engaging the projection 14e4 of the stopper
piece 14e5 in the recess 1426 formed inside the guide
hole 14e7.

[0103] Further, the engagement unit 14e may be pro-
vided in the support frame 16 as shown in FIG. 19. FIG.
19 shows a second modification of the engagement unit
14e. The bearing 14e2 is formed in one piece with the
side plate 16f of the support frame 16. The stopper piece
14e2 is extended perpendicularly from the stopper 14e1
fit to the bearing 14e2, and engages with the projection
14e9 formed in one piece in the direction of extending
outward from the side plate 14k of the main body frame
14, just like supporting from the lower side. The lock
mechanism 141 has the same structure as that shown
in FIG. 2 and FIG. 3.

[0104] Thelock mechanism 141 may have a projection
14e4 and a recess 14e6 as shown in FIG. 20. FIG. 20
shows a first modification of the lock mechanism 141.
The projection 14e4 consists of both ends of a pin pen-
etrating the distal end of the stopper 14e1 inserted into
the bearing 14e2 in the diametrical direction. The recess
14e6 consists of a pair of grooves formed at the end
portion 14e10 of opening of the bearing 14e2. When the
projection 14e4 fits in the recess 14e6, the stopper piece
14e5 engages the main body frame 14 with the support
frame 16.

[0105] Inthe lock mechanism 141 of this embodiment,
the projection 14e4 is formed in the metallic stopper 14e1,
and the recess 14e6 is formed in the bearing 14e2 by
opening a small hole. The small hole or groove-shaped
recess 14e6 may be formed in the metallic stopper 14e1
or a slidable piece 14e5’, and the projection 14e4 may
be formed inside the bearing 14e2 or guide hole 14e7.
The lock mechanism 141 is configured to engage/disen-
gage the projection 14e4 with/from the recess 14e6 by
the elasticity of the member itself.

[0106] When the bearing 14e2 and stopper 14e1 are
made of metal, the projection 14e4 formed in the stopper
14e1 consists of a metallic ball. The ball is always ener-
gized in a projecting direction by a coil spring, and is
configured to engage/disengage with/from the recess
14e6 of the bearing 14e2. The lock mechanism 141 se-
cures engagement/disengagement, and clicks when en-
gaging. Therefore, a slidable and highly operatble en-
gagement unit can be constructed.

[0107] In the above description, the equipment main
body B is square, and comprises the light-emitting unit
A and main body frame 14, and the support frame 16
supporting the equipment main body. The front side
shape of the luminaire 10 may be circular as shown in
FIG. 21. In this case, the hinge C is provided in one end
portion of the diameter of a circular light-emitting unit A,
and the engagement unit 14e is provided in the other end
portion.

[0108] A luminaire 10 according to a second embodi-
ment of the invention will be explained with reference to
FIG. 22 to FIG. 36. The components having the same
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functions as those of the first embodiment are denoted
by the same reference numbers in the drawings, and an
explanation thereof is omitted.

[0109] As shown in FIG. 22, the luminaire 10 is a re-
cessed ceiling type, and adopts a light-emitting unit A
made in the form of a rectangular flat plate. In this em-
bodiment, the light-emitting unit A is shaped square. The
light-emitting unit A comprises a base substrate 11a, a
reflector 11c, a connector 40, and a lead wire 41. On the
base substrate 11a, light-emitting elements 11 mounted
in square. The reflector 11c is attached on the side of the
base substrate 11a provided with the light-emitting ele-
ments 11, and has a reflection surface 11h surrounding
each light-emitting element 11. The connector 40 is
mounted on the base substrate 11a. The connector 40
is a terminal connected to the light-emitting element 11.
The lead wire 41 is connected to the connector 40.
[0110] AsshowninFIG. 23 and FIG. 25, the base sub-
strate 11a comprises four square circuit boards 11a1, a
radiator plate 11j, and an electrical insulating plate 11a2.
Each circuit board 11a1 is composed of a member to
mountthe light-emitting element 11 including a light-emit-
ting diode chip, for example, glass epoxy or aluminum
substrate. Each circuit board 11a1 is a square plate. As
shown in FIG. 22, the light-emitting element 11 is ar-
ranged in a 4-row by 4-column matrix, 16 in total, on the
front surface of the circuitboard 11a1. A copper foil wiring
pattern is formed on the rear surface of the circuit board
11a1, corresponding to the arrangement of the light-emit-
ting element 11. In the light-emitting unit A shown in FIG.
22, four pieces of the above circuit board 11a1 are com-
bined.

[0111] The radiator plate 11jis made of metal with high
heat conductivity, such as a steel plate and aluminum.
In this embodiment, the radiator plate 11j is made of a
steel plate. The radiator plate 11j is formed in size equiv-
alent to two or more circuit boards 11a1 arranged along
the same plane. In this embodiment, the radiator plate
11jis formed in square of the size equivalent to four circuit
boards 11a1 arranged in square. The radiator 11j has a
brim 11k formed by raising the parts opposing to the sides
of the circuit board 11a1 in one piece.

[0112] The electrical insulating plate 11a2 is inserted
between the circuit board 11a1 and radiator plate 11j.
The electrical insulating plate 11a2is a film-like insulating
sheet made of heat-resistant insulating silicon resin or
epoxy resin. The electrical insulating plate 11a2 is
shaped square to be fitinside the brim 11k of the radiator
plate 11j.

[0113] The reflector 11e is arranged on the front sur-
face of four circuit boards 11a1 provided with the light-
emitting elements 11. Four reflectors 11¢ have the same
optical design to have desired light distribution. The re-
flector 11c is made of heat-resistant weather-resistant
insulating synthetic resin in the form of a square part hav-
ing the same dimensions as the circuit board 11a1. In
this embodiment, the reflector 11c is made of white poly-
butylene terephthalate (PBT).
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[0114] The reflector 11c has a square pyramid con-
cave portion 11d corresponding to the number of light-
emitting elements 11, and is formed like a so-called waf-
fle. In other words, conical-shaped or funnel-shaped con-
cave portions 11d are arranged corresponding to the
light-emitting elements 11, as shown in the cross section
of FIG. 23. The bottom of each concave portion 11d has
an opening 11e. The light-emitting element 11 is ar-
ranged at the center of the opening 11e. The reflectors
11c are combined so that the bottom of the concave por-
tion 11d closely contacts the surface of the circuit board
11a1.

[0115] A part corresponding to the upper contour of
the concave portion 11d forms a square exit port 11f to
emit the light from the light-emitting element 11 to the
outside. The reflector 11c comprises sixteen concave
portions 11d made of polybutylene terephthalate (PBT)
and formed in one piece correspond to each light-emitting
element 11 of one circuit board 11a1. Each concave por-
tion 11d is formed surrounding the light-emitting element
11. The inside surface of the concave portion 11d forms
a reflection surface 11h as shown in FIG. 23. To obtain
light distribution rotationally symmetric with respect to
the center axis of the light-emitting element 11, each con-
cave portion 11d of the reflector 11c is made in the form
ofaconical having a square cross section along the plane
parallel to the circuit board 11a1. The reflection surface
11h covers the area surrounding the light-emitting ele-
ment 11, and extends to the square exit port 11f. The
reflection surface 11h may be mirror finished by evapo-
rating or plating aluminum or silver.

[0116] The wall forming the reflection surface 11h is
made to have substantially the same thickness in any
portion as shown in FIG. 23. Therefore, when viewed
from the rear side, the reflector 11e is seemed to have
an array of pyramid-shaped projections. Thereflector 11¢
and circuit board 11a1 are layered, forming a cavity 11g
having aisosceles triangle vertical cross section between
the continuous pyramids. The cavity 11g is made in the
form of lattice parallel to the outer peripheral sides of the
reflector 11c and base substrate 11a.

[0117] AsshowninFIG. 22, alarger square light-emit-
ting unit A is formed by combining four pieces of light-
emitting unit A, which comprises a circuit board 11a1
having sixteen light-emitting elements 11, and a reflector
11c having sixteen corresponding reflection surfaces
11h. In this embodiment, as shown in FIG. 22, the circuit
board 11a1 and reflector 11c are arranged in 2-row and
2-column, four pieces in total, on the radiator plate 11j.
[0118] Four pieces of electrical insulating plate 11a2
and circuit board 11a1 are positioned by the brim 11k
and mounted on the radiator plate 11j. Four reflectors
11c1 are arranged on the exit side of the circuit board
11a1, and fixed to the circuit board 11a1 with a screw
from the rear side of the radiator plate 11j. The circuit
board 11a1 and reflector 11¢c may be bonded by heat-
resistant insulating adhesive, such as silicon resin and
epoxy resin.
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[0119] Sixteen light-emitting elements 11 are connect-
ed in series according to a wiring pattern one the rear
side of the circuit board 11a1. Four circuit boards 11a1
are connected in series by the lead wire 41 as shown in
FIG. 22. As a result, sixteen light-emitting elements 11
mounted on each circuit board 11a1, sixty-four in total,
are connected in series within the light-emitting unit A.
After all light-emitting elements 11 are connected in se-
ries, the light-emitting unit A is preferably wired and con-
nected to the lighting unit 17 and other adjacent light-
emitting units A. One circuit board 11a1 has an input
terminal at both ends of the wiring pattern connecting
sixteen light-emitting elements 11 in series.

[0120] The connector40 is an example of terminal unit,
and is connected to the input terminal of the wiring pat-
tern. The connector 40 is a small connector 40 in this
embodiment. The connector 40 is removably fixed to the
front side of the circuit board 11a1. The connector 40 is
placed in the cavity 11g to be placed between adjacent
light-emitting elements 11 as shown in FIG. 22 and FIG.
23. At this time, when the connection terminal 40a of the
connector 40 is placed facing to the outside of the circuit
board 11a1, the wiring operation is easy.

[0121] The lead wire 41 connecting the connectors 40
of each circuit board 11a1 in series is wired as follows.
First, as shownin FIG. 22 and FIG. 23, four circuit boards
11a1 are positioned so that the connectors 40 are faced
to each other, and placed on the radiator plate 11j. The
connection terminal 40a of each connector 40 mounted
on each circuit board 11a1 is placed to face the junction
P of adjacent circuit boards 11a1 as shown in FIG. 23
and FIG. 25. The lead wire 41 is inserted into the con-
nection terminal 40a in this state. The connection termi-
nals 40a of the connectors 40 are aligned in the same
direction, and can be collectively connected. The lead
wire connected to each connector 40 is routed along the
junction P of the circuit boards 11a1 as shown in FIG. 22
and FIG. 25. The connection terminals 40a of the con-
nectors 40 are faced outward in the same direction. The
lead wire 41 can be connected to the connector 40 at a
position not interfering with each light-emitting element
11, and routed at a position not interfering with each light-
emitting element 11.

[0122] Four reflectors 11c are layered on each circuit
board 11a1 so that they are mounted along one plane.
As a result, as shown in FIG. 23, the cavity 11g in the
outermost periphery of each reflector 11c is combined at
the junction Q of adjacent reflectors 11c. The combined
cavity 11g forms a tunnel 11G having an isosceles trian-
gular cross section as shown in FIG. 23, and extends
along one side of the reflector 11c and circuitboard 11a1.
Each connector 40 connected to the lead wire 41 is cov-
ered by each cavity 11g. The lead wire 41 routed along
the junction P of circuit boards 11a1 is housed in the
tunnel 11G, except for the end potions 41a and 41b led
out from the light-emitting unit A. In other words, the lead
wire 41 is wired without being exposed on the surface of
the circuit board 11a1. Therefore, the lead wire 41 does
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not disturb the assembling operation, and the workability
is improved.

[0123] As shown in FIG. 22, the end portion 41a led
out in one direction from the tunnel 11G is led to the
tunnel 11G of the adjacent light-emitting unit A, and con-
nected to the corresponding connector. The connected
lead wire 41 is passed through a tunnel formed in the
adjacent light-emitting unit A. The end portion 41b of the
lead wire 41 led out in the other direction is inserted into
the connector 12c¢, and connected to the output terminal
unit 17j of the lighting unit 17, as shown in FIG. 33. The
connector 12c¢ is connected to the terminal unit 17j, and
the lighting unit 17 supplies power to all the light-emitting
elements 11 of the light-emitting unit A.

[0124] The luminaire 10 of the second embodiment
comprises an equipment main body B, a support frame
16, an engagement unit 14c, and a lighting unit 17, as
shownin FIG. 24. The equipment main body B comprises
the above-described light-emitting unit A, and main body
frame 14. The main body frame 14 holds the light-emitting
unit A on the inner periphery. The support frame 16 plac-
es the main body frame 14 on the inner periphery, and
supports one end portion of the main body frame 14 ro-
tationally movable. The engagement unit 14c engages
the other end portion of the main body frame 14 with the
support frame 16. The lighting unit 17 lights up the light-
emitting elements 11.

[0125] The main body frame 14 is made of metal with
high heat conductivity, white painted aluminum in the
second embodiment, and is formed in one piece with a
square frame body 14a. The frame body 14a is sized to
house the light-emitting unit A inside as shown in FIG.
24 and FIG. 27. The light-emitting unit A is fit in the main
body frame 14, and the equipment main body B of the
square luminaire is assembled. The main body frame 14
is formed in one piece with an outer flange 14b that be-
comes an ornamental frame projecting outward, on four
outer sides of the frame body 14a. The outer flange 14b
has a hook-shaped engaging piece 14d projecting on
one side as shown in FIG. 28 and FIG. 29. The engaging
piece 14d is extended along one side of the frame body
14a, having a predetermined cross section shape, and
is formed in one piece with the outer flange 14b of the
frame body 14a.

[0126] The luminaire 10 of the second embodiment
comprises a transmissive plate 18 and a light control unit
19, as in the luminaire 10 of the first embodiment, as
shown in FIG. 24. The transmissive plate 18 and light
control unit 19 are inserted in the frame body 14a of the
main body frame 14, together with the square light-emit-
ting unit A. The light control unit, transmissive plate 18,
and light-emitting unit A are layered and inserted into the
main body frame 14 in this order, and are supported by
the inner flange 14n of the main body frame 14.

[0127] The light-emitting unit A, transmissive plate 18,
and control unit 19 are held in the frame body 14a by the
support member 30 that is a holding member, as shown
in FIG. 24, FIG. 26 and FIG. 33. The support member 30
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is a wire made by bending an elastic steel wire 30a to
meet the purpose of this embodiment. The distal end of
the support member 30 is fixed to a predetermined po-
sition by a positioning means comprising three small
holes 32a, 32b and 32c formed on the rear side of the
radiator plate 11j shown in FIG. 23 and FIG. 27.

[0128] The proximal end of the support member 30 is
fixed to the side plate 14k of the main body frame 14 as
shown in FIG. 24, FIG. 26 and FIG. 28. The proximal end
30b is slidable along the side plate 14k as shown in FIG.
27. The proximal end 30b is configured to rotationally
move the wire 30a about the axis line inclined slightly to
the vertical line of the radiator plate 11j of the base sub-
strate 11a. In other words, the center of rotational move-
ment of the wire 30a is set obliquely to the vertical line
of the radiator plate 11;.

[0129] When the wire 30a is rotationally moved, the
distal end of the wire 30a extending radially from the cent-
er of rotation is moved along the inclined circular orbit.
As aresult, by sliding the proximal end 30b of the support
member 30 and rotationally moving the wire 30a, the dis-
tal end of the wire 30b is moved outward from the center
of the radiator plate 11j, and displaced in the direction of
pushing the radiator plate 11j down to the circuit board
11a1. The three small holes 32a, 32b an 32¢ shown in
FIG. 27 are prepared for cases where the distal end of
the wire 30a is set high, middle, and low positions for the
inner flange 14n of the main body frame 14.

[0130] The luminaire 10 is provided with a mechanism
which changes the position of the distal end of the support
member 30 in the thickness direction of the main body
frame 14, that s, in the light emission direction. This per-
mits use of the reflector 11c, transmissive plate 18 and
light control unit 19 with different dimensions in the light
emissiondirection. As shownin FIG. 27, three small holes
32a, 32b and 32c may be formed by penetrating the base
substrate 11a up to the cavity 11g of the above-men-
tioned reflector 11c. In this case, the circuit board 11a1
is sufficiently insulated. The number of holes, which pre-
vents interference of the distal end of the wire 30a with
the light-emitting element 11, is not limited to three. The
number of holes depends on the number of positions to
support the radiator plate 11j by the support member 30.
[0131] The main body frame 14 has an engagement
unit 14e to engage the main body frame 14 with the sup-
port frame 16, on the side plate 14k of the frame body
14a that is the side opposite to the side forming the en-
gaging piece 14d as shown in FIG. 24. The engagement
unit 14e comprises a stopper 14e1 and a bearing 14e2
as in the engagement unit 14e of the first embodiment.
The stopper 14e1 is a part formed by combining a screw
heat 14e3, a projection 14e4, and a stopper piece 14e5
in one piece with a shaft member. The bearing 14e2 is
formed in one piece with the side plate 14k of the fame
body 14a. The bearing 14e2 has a recess 14e6 inside.
The projection 14e4 and recess 14e6 form a lock mech-
anism 141. When the projection 14e4 of the stopper 14e1
engages with the recess 14e6, the stopper piece 14e5
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engages with the inner flange 16b, and holds the main
body frame 14 in the support frame 16.

[0132] The luminaire 10 configured as above is in-
stalled on a ceiling as shown in FIG. 29 to FIG. 34 in the
same procedures as the first embodiment. In the lumi-
naire 10 of this embodiment, the receiving place 16d is
provided on allinner peripheral sides of the support frame
16 as shown in FIG. 32. The receiving place 16d uses
the part provided on the side of the frame body 16a, from
which the output terminal unit 17j of the lighting unit 17
is pulled out to the support frame 16, as shown in FIG.
33. The main body frame 14 engages the engaging piece
14d with the receiving place 16d as shown in FIG. 33. In
other words, the output terminal unit 17j pulled out from
one end of the lighting unit 17 is placed on the side, on
which the hinge C of the support frame 16 and main body
frame 14 are provided.

[0133] The luminaire of this embodiment comprises a
support member 30. As shown in FIG. 33, a light control
unit 19, a transmissive plate 18, and a light-emitting unit
A are inserted in this order into the frame body 14a of
the main body frame 14 suspended as shown in FIG. 33,
and the light control unit 19 is locked on the inner surface
of the inner flange 14n of the main body frame 14. Next,
the wire 30a of the support member 30 is rotationally
moved to insert the distal end into one of the positioning
small holes 32a, 32b and 32c. As shown in FIG. 33, the
light-emitting unit A is pressed to the inner surface of the
inner flange 14n of the main body frame 14 by the elas-
ticity of the wire 30a, and held on the inner periphery of
the main body frame 14. As shown in FIG. 34, after the
main body frame 14 is fit in the support frame 16, the
support member 30 is located at a position not interfering
with the lighting unit 17.

[0134] The connector 12¢ provided in the end portion
31b of the lead wire 41 led out from the light-emitting unit
A is connected to the terminal unit 17j of the lighting unit
17. As the lighting unit 17 and light-emitting unit A can
be wired and connected in the hinge C, the lead wire 41
of the lighting unit may be short and does not disturb the
installation operation. Further, operation of assembling
the light control unit 19, transmissive plate 18 and light-
emitting unit A to the main body frame 14, and the oper-
ation of wiring and connecting the terminal unit 17j to the
connector 12c¢ can be performed in the state in which the
main body frame 14 is pulled out and suspended from
the support frame 16. This makes the operation visible,
and improves the workability.

[0135] When the light-emitting unit A as a light source
is removed for replacement or maintenance, the proce-
dures reverse to installation of the luminaire are used as
same as the first embodiment. In this case, the support
member 30 has been combined with the luminaire 10 of
the second embodiment. Therefore, first the wire 30a of
the support member 30 holding the light-emitting unit A
as shown in FIG. 33 in the main body frame 14 is led out
from the small hole 32 in the state in which the main body
frame 14 has been locked to suspended from the support
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frame 16 as shown in FIG. 30. Then, the wire 30a is
removed from the top surface of the light-emitting unit A
by turning it to remove from the frame body 14a of the
main body frame 14.

[0136] When the light-emitting unit A is removed to-
gether with the main body frame 14, first the connector
12cis separated from the terminal unit 17j, and as shown
in FIG. 31, the engagement of the engaging piece 14d
with the groove of the receiving place 16d is released.
As the support member 30 is provided, the light-emitting
unit A, transmissive plate 18 and light control unit 19 are
prevented from coming off the main body frame 14 even
in the state in which the main body frame 14 is suspended
from the support frame 16.

[0137] Inthe luminaire 10 of this embodiment, a cavity
11g is formed between the circuit board 11a1 provided
with the light-emitting element 11 and the reflector 11e
covering the area around the light-emitting element 11.
By arranging two or more reflectors 11c, a tunnel 11G of
the size of combined cavitys 11g is formed at the junction
Q of adjacent reflectors 11c.

[0138] The connector 40 is located between adjacent
light-emitting elements 11 in the tunnel 11G. Therefore,
the connector 40 does not contact the light-emitting ele-
ments 11 and energized parts. The lead wire 41 connect-
ed to the connector 40 is housed in the tunnel 11G. The
lead wire 41 does not interfere with the light-emitting el-
ements 11 and energized parts. As the connector 40 and
lead wire 41 do not interfere with the light-emitting ele-
ments and energized parts on the circuit board 11a1, the
reflector 11 can tightly contact the circuit board 11a1. As
the light emitted from the light-emitting element 11 does
not leak to the rear side of the reflector 11c¢, lighting loss
of the luminaire 10 is eliminated.

[0139] Further, the lead wire 41 is led from one side of
the frame body 14a opposing the light-emitting unit A,
and does not interfere with the reflector 11c and light-
emitting elements 11. Space for housing the lead wire
41 is unnecessary, and the light-emitting unit A can be
made compact. The connector 40 is adjoined to the junc-
tion P of circuit boards 11a1, and arranged opposing to
the connection terminal 40a. This increases the efficiency
of wiring the lead wire 41. The lead wire 41 connecting
adjacent circuit boards 11a1 is housed in the tunnel 11G
that is normally a dead space. As a result, the lead wire
41 is neatly wired for the light-emitting unit A, and the
workability of installation and maintenance is improved.
[0140] In the luminaire 10 of this embodiment, cavitys
11g are combined at the junction Q of reflectors 11c,
forming a tunnel 11G having anisosceles triangular cross
section. As shown in FIG. 35, the shape of the reflector
11c used in being combined may not be the same. The
cavity 11g is formed only in one reflector 11c, and the
connector 40 and lead wire 41 are located or housed in
this cavity 11g. In this case, adjacent reflectors 11c have
a side wall closed along the junction Q. When one reflec-
tor 11c is provided in one luminaire 10, a cavity 11g is
formed one side of the outermost periphery as shown in
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FIG. 36. The connector 40 and lead wire 41 may be lo-
cated or housed in the cavity 11g.

[0141] Next, a luminaire according to a third embodi-
ment of the invention will be explained with reference to
FIG. 37 to FIG. 47. The components having the same
functions as those of the first and second embodiments
are denoted by the same reference numbers in the draw-
ings, and an explanation thereof is omitted. Diagrams of
the same structures are also omitted. Therefore, for the
configuration not described in detailed in this embodi-
ment, related drawings and explanation of the first and
second embodiments will be referred to. Even compo-
nents peculiar to the luminaire 10 of the third embodiment
may be added to or replaced by the components of the
luminaire 10 of the first and second embodiments.
[0142] As shown in FIG. 37, the luminaire 10 is a re-
cessed ceiling type, and adopts a light-emitting unit A
made in the form of a rectangular flat plate. In this em-
bodiment, the light-emitting unit A is shaped square. The
light-emitting unit A comprises a substrate 11a on which
two or more light-emitting elements 11 are mounted, and
a reflector R which reflects the light emitted from each
light-emitting element 11. The base substrate 11a com-
prises a substrate 11a1, an electrical insulating plate
11a2, and a radiator plate 11j. In this embodiment, one
base substrate 11a includes four circuit boards 11a1 as
shown in FIG. 37 to FIG. 38.

[0143] The radiator plate 11jis made of metal with high
heat conductivity, such as a steel plate and aluminum.
In this embodiment, the radiator plate 11j is made of a
steel plate. The radiator plate 11j is formed in square of
the size equivalent to four circuit boards 11a1 arranged
in square. The radiator 11j has a brim 11k raised in one
piece toward the circuit board 11a1 as shown in FIG. 37
and FIG. 40.

[0144] One electrical insulating plate 11a2 is inserted
between four circuit boards 11a1 and a radiator plate 11j.
The electrical insulating plate 11a2 is a film-like insulating
sheet made of heat-resistant insulating silicon resin or
epoxy resin. The electrical insulating plate 11a2 is
shaped square to be fit inside the brim 11k of the radiator
plate 11j.

[0145] A reflection unit R comprises four reflectors 11¢
as shown in FIG. 37. The reflector 11c is provided cor-
responding to the circuit board 11a1. Four reflectors 11c
are optically designed to obtain desired light distribution.
Therefore, four reflectors may have the same shape, or
different shapes to obtain uneven light distribution. The
reflector 11c is made of heat-resistant weather-resistant
insulating synthetic resin. In this embodiment, one reflec-
tor 11cis made of white polybutylene terephthalate (PBT)
in the form of square with the same outer dimensions as
one circuit board 11a1. The reflector 11c has a square
pyramid concave portion 11d corresponding to the
number of light-emitting elements 11 of the circuit board
11a1, and is shaped like a so-called waffle. In other
words, a conical-shaped or funnel-shaped concave por-
tion 11d is arranged corresponding to the arrangement
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of light-emitting elements 11, as shown FIG. 38. The bot-
tom of each concave portion 11d has an opening 11e.
The light-emitting element 11 is arranged at the center
of the opening 11e. The concave portion 11d is formed
surrounding the light-emitting element 11.

[0146] Eachreflector 11c has a jointing piece 11g3 ex-
tending perpendicularly from the outer periphery to the
base substrate 11a. In this embodiment, as shown in
FIG. 38, the reflector 11c is formed in one body with a
jointing piece 11g3, which is located at least one corner
1191, and extended to the base substrate 11a. Further,
as shown in FIG. 38 and FIG. 39, the jointing piece 11g3
is not projected to the outside from the outer peripheral
surface 11g2 of the reflector 11c. In other words, the joint-
ing piece 11g3 is formed as a 1/4-divided part of a cylin-
der, as shown in FIG. 41 and FIG. 42.

[0147] Four reflectors 11c are arranged flatly in 2-row
and 2-column square along the base substrate 11a. The
corners 11g1 provided with a jointing piece 11g3 are butt-
ed against at the center of the base substrate 11a. The
jointing pieces 11g3 of the reflectors 11c are joined in
the outer peripheral side 11g2, and bound to form one
cylinder. The bound jointing pieces 11g3 are united in
one piece by a fastening ring 11g4 that is a fastening
means, as shown in FIG. 39 and FIG. 40. The fastening
ring 11g4 is made of synthetic resin composed of poly-
butylene terephthalate (PBT) in the form of a ring. The
other configurations are the same as those in the lumi-
naire 10 of the first and second embodiments.

[0148] In the luminaire 10, the light-emitting unit A is
assembled in the following procedure. First, the electrical
insulating plate 11a2 is attached inside the brim 11k of
the radiator plate 11j. Next, four circuit boards 11a1 are
positioned for the radiator plate 11j with reference to the
brim 11k. At this time, the circuit boards 11a1 are closely
arranged without a clearance at the junction P. Four re-
flectors 11c are arranged corresponding to the circuit
boards 11a1. At this time, the corners 11g1 are opposed
so that the jointing pieces 11g3 of adjacent reflectors 11c
are made contact each other. As a result, the jointing
pieces 11g3 of four 1/4-divided parts of a cylinder are
joined forming one cylinder as shown in FIG. 39 and FIG.
41. A fastening ring 11g4 is fit onto the bound jointing
pieces 11g3 of the reflector 11c separated from the base
substrate 11a from the rear side as shown in FIG. 42.
[0149] Four reflectors 11¢ are tightly connected at the
central part of the base substrate 11a by the fastening
ring 11g4. As a result, four reflectors 11c¢ tightly contact
to one another at the junction Q, and assembled as one
reflector unit R. The reflector unit R assembled as one
piece is positioned on the top surface of four circuit
boards 11a1 by the brim 11k of the radiator plate 11j.
The reflector unit R is assembled together with the circuit
boards 11a1 by a screw inserted from the rear side of
the radiator plate 11j. The reflector unit may be bonded
by a heat-resistant insulating adhesive such as silicon
resin and epoxy resin.

[0150] As the jointing pieces 11g3 are connected by
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the fastening ring 11g4 at the central part of the light-
emitting unit A, four reflectors 11c of the light-emitting
unit A assembled as above tightly contact at the junction
Q. Therefore, the light emitted from the light-emitting el-
ement 11 does not leak from the junction Q.

[0151] The light-emitting unit A configured as de-
scribed above is inserted into the main body frame 14 as
in the first and second embodiments. The main body
frame 14 assembled with the light-emitting unit A is com-
bined with the support frame 16, forming the luminaire
10. In the luminaire 10, the main body frame 14 may be
removed from the support frame 16 for cleaning and
maintenance or replacement of light-emitting elements.
The light-emitting unit A may be removed from the main
body frame 14.

[0152] The reflector 11c of the light-emitting unit A re-
moved from the main body frame 14 can be removed
from the circuit board 11a1 in the following procedures.
First, the screw assembling the reflector 11c, circuit
board 11a1 and radiator plate 11j is removed. The re-
flector 11c comes off the base substrate 11a as one
piece. Then, the fastening ring 11g4 binding the jointing
pieces 11g3 is removed. The reflector 11c is disassem-
bled to four pieces.

[0153] According to the luminaire 10 of the third em-
bodiment, the reflector 11c is formed in one piece with a
jointing piece 11g3 extending from one corner 11g1 to
the base substrate 11a. The jointing piece 11ge3 is
formed as a 1/4-divided part of a cylinder. When four
reflectors 11c1 are flatly arranged along the square base
substrate 11a, they are placed so that the jointing pieces
1193 oppose each other. The jointing piece 11g3 does
not project outward from the outer peripheral side 1192,
sothatthe outer peripheral side 11g2 thatis the periphery
extending from the corner 11g1 provided with the jointing
piece 11g3 tightly contact each other. As a result, the
reflectors 11care arranged along the base substrate 11a,
and the reflector unit R is formed.

[0154] Adjacent reflectors 11c arranged so that the
jointing pieces 11g3 contacts at the corner 11g1. Adja-
cent four jointing pieces 11g3 form one cylinder. Four
reflectors 11c of the light-emitting unit A are tightly con-
nected by the fastening ring 11g4 at the central part of
the light-emitting unit A. As four reflectors 11c tightly con-
tact without clearance at the junction Q, the light emitted
from the light-emitting element 11 does not lead from the
junction Q. Further, as no clearance is found at the junc-
tion Q when viewed from the front side of the reflector
11c while the luminaire is not lit, the light-emitting unit A
and luminaire 10 provide excellent appearance. The
jointing piece 11g3 is provided extending perpendicularly
to the base substrate 11a in the state not projecting out-
ward from the outer peripheral side 11g2 of the corner
11g1 of the reflector 11c. There is no projection at the
junction Q of adjacent reflectors 11c, and the outer pe-
ripheral sides 1192 of adjacent reflectors 11c tightly con-
tact without clearance.

[0155] Te reflector 11c may be provided with a jointing
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piece 11g3 at least one corner 11g1. This simplifies the
structure of the reflector. When four reflectors 11c are
assembled, the reflectors 11c are positioned so that the
jointing pieces 11g3 of adjacent reflectors 11c contact
each other. Four reflectors may be made in the same
shape. The number of parts is decreased, and the cost
is reduced.

[0156] In the third embodiment, the junction Q of the
outer peripheral side 1192 located on the outer periphery
of the light-emitting unit A, connecting the corners 11g1
ofthe reflectors 11c at the central part of the light-emitting
unit A, is positioned by the brim 11k formed on four sides
ofthe radiator plate 11j so that no clearance is generated.
A junction may be provided on the outer peripheral side
of the light-emitting unit A as shown in FIG. 43, without
depending on the brim 11k. A junction comprises 1/4-
divided parts of a cylinder, and a semicircular fastening
ring 11g4. The jointing piece 1193 is provided at the cor-
ner 11g1 positioned on the outer peripheral side of the
light-emitting unit A. The fastening ring 11g4 is fit onto
two jointing pieces 11g3 contacting each other.

[0157] By using the D-shaped semicircular fastening
ring, two reflectors 11c can be combined into a light-emit-
ting unit A. As shown in FIG. 43, the jointing piece 11g3
that is a 1/4-divided part of a cylinder is formed at oppos-
ing corners of adjacent reflectors 11c, and the D-shaped
fastening ring is fit onto the jointing pieces to fasten them.
As shown in FIG. 44, fan-shaped three reflectors 11c
may be combined into a circular light-emitting unit A. In
this case, a jointing piece 11g3 is provided at a corner
11g1 of a reflector 11c positioned at the center of the
light-emitting unit A. The jointing piece 11g3 is formed
as a 1/3-divided part of a cylinder. These parts are joined
by a circular fastening ring 11g4. A jointing piece 11g3
joined by a fastening ring 11g4 may be provided to tightly
contact the junction Q located in the outer periphery of
the light-emitting unit A. The jointing piece 11g3is formed
as a 1/2-divided part of a cylinder at corners 11g1 of
adjacent reflectors.

[0158] In the third embodiment, four jointing pieces
1193 are combined into a cylindrical column. As shown
in FIG. 45, each jointing piece 1193 may be formed as a
part of a square column, and fastened by a circular or
square fastening ring. Further, as shown in FIG. 46, four
jointing pieces 11g3 may be combined into a form whose
surface is tapered and reduced in diameter toward the
base substrate 11a. The fastening ring 11g4 is formed
to have a tapered hole. The jointing pieces 11g3 and
fastening ring may be combined in the tapered so that
they are not easily separated. Further, as shown in FIG.
47, the fastening ring 11g4 may be composed of a C-
shaped metallic or synthetic resin spring member, lacking
a part of a ring.

[0159] In the embodiments described hereinbefore,
the main body frame 14 and support frame 16 are made
of metal with high heat conductivity. They may be made
of heat-resistant weather-resistant insulating synthetic,
such as polybutylene terephthalate (PBT).
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[0160] The engaging piece 14d is formed in one piece
of the synthetic main body frame 14. The engaging piece
14d may be made of metal, formed like a hook separately
from the main body frame 14, and attached to one side
of the main body frame 14. The receiving place 16d is
formed on every side, or four sides of the rectangular
support frame 16. When the receiving place 16d is pro-
vided on only one side of the support frame, not on four
sides, the invention may be embodied. The lock mount
piece 16d may be formed in one piece with the synthetic
resin support frame 16 as described above, or a separate
metalliclock mount piece formed like a groove is provided
on four sides of the support frame 16.

[0161] Thelighting unit 17 may be provided in the main
body frame 14 or light-emitting unit A. The lighting unit
17 may be installed on the back side of a ceiling, sepa-
rately from the main body frame and light-emitting unit A.
[0162] A luminaire of the type recessed in an installa-
tion site on a ceiling is explained hereinbefore as an ex-
ample of the invention. The invention may be applied to
a luminaire to be directly installed on a ceiling. The em-
bodiments described hereinbefore are preferable exam-
ples for explaining the invention. Therefore, the invention
is not limited to the described embodiments. The design
of the invention may be modified various forms without
departing from the spirit and essential characteristics of
the invention.

[0163] It is explicitly stated that all features disclosed
in the description and/or the claims are intended to be
disclosed separately and independently from each other
for the purpose of original disclosure as well as for the
purpose of restricting the claimed invention independent
of the composition of the features in the embodiments
and/or the claims. Itis explicitly stated that all value rang-
es or indications of groups of entities disclose every pos-
sible intermediate value or intermediate entity for the pur-
pose of original disclosure as well as for the purpose of
restricting the claimed invention, in particular as limits of
value ranges.

Claims
1. Aluminaire (10) characterized by comprising:

a light-emitting unit (A) in which light-emitting
elements (11) are arranged,;

amain body frame (14) which supports the light-
emitting unit (A), and is formed rectangular hav-
ing a hook-shaped engaging piece (14d) on one
side;

asupportframe (16) which is formed rectangular
surrounding the outer periphery of the main body
frame (14), and has a groove-shaped receiving
place (16d) which engages with the engaging
piece (14d), on one interior side; and

a lighting unit (17) which turns on the light-emit-
ting elements (11).
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2. The luminaire (10) according to claim 1, character-

ized in that the light-emitting unit (A) comprises:

a base substrate (11a) having plate-shape on
which two or more light-emitting elements (11)
are mounted;

areflector (11c) which is attached on a mounted
side of the base substrate (11a) on which the
light-emitting elements (11) are mounted, and
has a reflection surface (11h) formed by slopes
surrounding each of the light-emitting elements
(11); and

aterminal unit (40) which is provided on the base
substrate (11a), and connected to the light-emit-
ting elements (11).

The luminaire (10) according to claim 1 or 2, char-
acterized in that the lighting unit (17) comprises:

a case (17a) which is fastened to the support
frame (16), and is suspended on a ceiling (X)
with a suspension bolt (20); and

a lighting circuit (171) which is assembled in the
case (17a).

The luminaire (10) according to claim 3, character-
ized in that the case (17a) comprises:

a top plate (17d);

a side plate (17c) continued from the top plate
(17d); and

a support port (172) which is opened across the
top plate (17d) and side plate (17c); and the sup-
port port (172) comprises:

a hitching part (17f) which is provided in the top
plate (17d), and formed to permit insertion of the
suspension bolt (20), and not to permit insertion
ofanut(21) attached to the suspension bolt (20);
and

a entering part (17e) which is provided in the
side plate (17c), continuing to the hitching part
(17f), and is formed to permit insertion of the nut
(21) attached to the suspension bolt (20).

The luminaire (10) according to claim 3 or 4,
characterized in that

the lighting circuit (171) has a power cable extending
from a side in which the case (17a) and the support
frame (16) are jointed,

the light-emitting unit (A) has alead wire (41) extend-
ing from the terminal unit (40) arranged on a side
provided with the engaging piece (14d),

the power cable is connected to the lead wire (41).

The luminaire (10) according to any one of the pre-
ceding claims, characterized in that

the support frame (16) has a part to be fastened the
case (17a), in two or more locations along the cor-
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38
responding side.

The luminaire (10) according to any one of the pre-
ceding claims, characterized by further comprising:

an engagement unit (14e) which holds the main
body frame (14) inside the support frame (16),
wherein the engagement unit (14e) comprises:
a stopper piece (14e5) which is provided in one
of an outer peripheral edge (14b) of the main
body frame (14), that is an opposite side to a
side provided with the engaging piece (14d), and
an inner peripheral edge (16b) of the support
frame (16) adjacent to the outer peripheral edge
(14b), and moves relatively to the main body
frame (14) and support frame (16), and engages
them, and

alock mechanism (141) which holds the stopper
piece (14e5) at a position to engage the main
body frame (14) with the support frame (16).

The luminaire (10) according to claim 7,
characterized in that

the engagement unit (14e) further comprises: a shaft
(14e1) having the stopper piece (14e5), and a bear-
ing (14e2) configured to rotationally move the stop-
per piece (14e5) around the shaft (14e1), and

the lock mechanism (141) is provided between the
shaft (14e1) and bearing (14€2), and secures the
stopper piece (14e5) to a rotational position to en-
gage the main body frame (14) with the support
frame (16).

The luminaire (10) according to any one of the pre-
ceding claims, characterized in that

the light-emitting unit (A) has a plurality of the base
substrates (11a);

each terminal unit (40) of the base substrates (11a)
is arranged in a cavity (11g) surrounded by the re-
flector (11c) and the base substrate (11a), and con-
nected to terminal unit (40) provided on adjacent
base substrate (11a) by connecting lead wires (41)
routed in the cavity (119).

The luminaire (10) according to any one of the pre-
ceding claims, characterized in that

the light-emitting unit (A) has a plurality of the reflec-
tors (11c);

each reflector (11c) has a jointing piece (11g3) ex-
tending perpendicular from the outer periphery to the
base substrate (11a), and arranged so that the joint-
ing piece (11g3) is opposed to each other and the
adjacent outer peripheries are fit, and

the jointing pieces (11g3) of the adjacent reflectors
(11c) are united to each other by a fastening means
(11g4), which determines the relative positions, and
fastens the jointing pieces (11g3).
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