
(19) *EP004560190A1*
(11) EP 4 560 190 A1

(12) EUROPEAN PATENT APPLICATION
published in accordance with Art. 153(4) EPC

(43) Date of publication:
28.05.2025 Bulletin 2025/22

(21) Application number: 23842730.6

(22) Date of filing: 20.06.2023

(51) International Patent Classification (IPC):
F21V 21/35 (2006.01) F21V 21/00 (2006.01)
F21V 23/06 (2006.01) H01R 25/00 (2006.01)
H01R 41/00 (2006.01) H05B 47/185 (2020.01)

(52) Cooperative Patent Classification (CPC):
F21V 21/00; F21V 21/35; F21V 23/06; H01R 25/00;
H01R 41/00; H05B 47/185

(86) International application number:
PCT/JP2023/022738

(87) International publication number:
WO 2024/018799 (25.01.2024 Gazette 2024/04)

(84) Designated Contracting States:
AL AT BE BG CH CY CZ DE DK EE ES FI FR GB
GR HR HU IE IS IT LI LT LU LV MC ME MK MT NL
NO PL PT RO RS SE SI SK SM TR
Designated Extension States:
BA
Designated Validation States:
KH MA MD TN

(30) Priority: 19.07.2022 JP 2022114794

(71) Applicant: Panasonic Intellectual Property
Management Co., Ltd.
Kadoma-shi, Osaka 571‑0057 (JP)

(72) Inventors:
• KIDERA, Kazunori
Kadoma-shi, Osaka 571‑0057 (JP)

• KOGA, Tatsuo
Kadoma-shi, Osaka 571‑0057 (JP)

• URA, Kazuto
Kadoma-shi, Osaka 571‑0057 (JP)

(74) Representative: Appelt, Christian W.
Boehmert & Boehmert
Anwaltspartnerschaft mbB
Pettenkoferstrasse 22
80336 München (DE)

(54) DIRECT‑CURRENT DISTRIBUTION SYSTEM

(57) A DC distribution system (100) includes a panel
(1), a power supply (3), and a connector (2). The panel (1)
includes a pair of conductors (11, 12) arranged spaced
apart from each other in one direction, the pair of con-
ductors each having a planar shape; and a plurality of
attachment portions (14) that penetrate through the pair
of conductors (11, 12). The power supply (3) supplies DC
power to the pair of conductors (11, 12). The connector
(2) is provided to a load (4) and includes a pair of electro-
des (23, 24), the connector (2) being attachable to an
attachment portion (14) of the plurality of attachment
portions (14). Connector (2) supplies the DC power out-
put from the power supply (3) to the load (4) via the pair of
electrodes (23, 24) and the pair of conductors (11, 12),
with the connector (2) being attached to the attachment
portion (14).
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Description

[Technical Field]

[0001] The present invention relates to a direct-current
(DC) distribution system that supplies DC power.

[Background Art]

[0002] Patent Literature (PTL) 1 discloses a lighting
system. In this lighting system, first electric supply lines
and second electric supply lines each including a wire
material having electrical conductivity are disposed with
a space therebetween, and crossed one above the other
and provided on a ceiling. A lighting fixture is mounted to
hook across these first electric supply lines and second
electric supply lines, and the power supply terminals of
the lighting fixture are connected to the respective first
and second electric supply lines. The lighting fixture is
cased to emit light with a voltage applied between the first
and second electric supply lines.

[Citation List]

[Patent Literature]

[0003] [PTL 1] Japanese Unexamined Patent Applica-
tion Publication No. 2002‑008430

[Summary of Invention]

[Technical Problem]

[0004] The present invention provides a DC distribu-
tion system that can easily increase the flexibility in the
attachment position of a load.

[Solution to Problem]

[0005] A direct-current (DC) distribution system ac-
cording to one aspect of the present invention includes:
a panel, a power supply, and a connector. The panel
includes: a pair of conductors arranged spaced apart
from each other in one direction; and a plurality of attach-
ment portions that penetrate through the pair of conduc-
tors in the one direction, each conductor in the pair of
conductors having a planar shape. The power supply
supplies DC power to the pair of conductors. The con-
nector is provided to a load and includes a pair of elec-
trodes, and the connector is attachable to an attachment
portion of the plurality of attachment portions. The con-
nector supplies the DC power output from the power
supply to the load via the pair of electrodes and the pair
of conductors, with the connector being attached to the
attachment portion.

[Advantageous Effects of Invention]

[0006] The DC distribution system according to the
present invention has an advantage of being capable
of easily increasing the flexibility in the attachment posi-
tion of a load.

[Brief Description of Drawings]

[0007]

[FIG. 1]
FIG. 1 is a schematic diagram illustrating a config-
uration of a DC distribution system according to
Embodiment 1.
[FIG. 2]
FIG. 2 is a diagram illustrating a method of attaching
a connector according to Embodiment 1 to a panel.
[FIG. 3]
FIG. 3 is a schematic diagram illustrating a config-
uration of a DC distribution system according to
Embodiment 2.
[FIG. 4]
FIG. 4 is a diagram illustrating a connection relation-
ship between a power supply and surrounding pa-
nels in the DC distribution system according to Em-
bodiment 2.
[FIG. 5]
FIG. 5 is a diagram illustrating an output character-
istic of the power supply in the DC distribution system
according to Embodiment 2.
[FIG. 6]
FIG. 6 is a schematic diagram illustrating a config-
uration of a connector according to Variation 1.
[FIG. 7]
FIG. 7 is a schematic diagram illustrating a config-
uration of a connector according to Variation 2.
[FIG. 8]
FIG. 8 is a cross-sectional view illustrating a config-
uration of a DC distribution system according to
Variation 3.
[FIG. 9]
FIG. 9 is a block diagram illustrating a configuration
of a power supply in a DC distribution system accord-
ing to Variation 4.

[Description of Embodiments]

[0008] The following specifically describes one ormore
embodiments with reference to the drawings. Each of the
one or more embodiments described below illustrates a
general or specific example. The numerical values,
shapes, materials, structural elements, the arrangement
and connection of the structural elements, steps, proces-
sing order of the steps, etc. described in the following one
or more embodiments are mere examples, and do not
intend to limit the present invention. Furthermore, among
the structural elements in the following one or more
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embodiments, structural elements not recited in any one
of the independent claims are described as optional
structural elements.
[0009] Note that each figure is a schematic diagram,
and not necessarily a precise depiction. Moreover, in the
figures, structural elements that are essentially the same
share like reference signs and overlapping description
may be omitted or simplified.

[Embodiment 1]

[0010] The following describes DC distribution system
100 according to Embodiment 1 with reference to FIG. 1.
FIG. 1 is a schematic diagram illustrating a configuration
of DC distribution system 100 according to Embodiment
1. As illustrated in FIG. 1, DC distribution system 100
includes panel 1, power supply 3, and connector 2.
[0011] Note that, although in the example illustrated in
FIG. 1, DC distribution system 100 includes one panel 1,
one power supply 3, and one connector 2, the present
invention is not limited to this configuration. For example,
DC distribution system 100 may include a plurality of
panels 1, a plurality of power supplies 3, and a plurality
of connectors 2. The following describes DC distribution
system 100 by focusing on one panel 1, one power supply
3, and one connector 2.
[0012] Panel 1 has a plate-like shape as a whole, and
disposed on a ceiling of a facility. For example, panel 1 is
disposed as a part of the ceiling by replacing part of the
component material included in the ceiling of the facility.
Moreover, for example, panel 1 is disposed on the ceiling
by being hanged from the ceiling of the facility. Note that,
panel 1 is disposed not only on the ceiling of a facility, but
also disposed as part of a floor, a wall, or an article of
furniture, for example. Panel 1 includes a pair of con-
ductors 11 and 12, insulator 13, and a plurality of attach-
ment portions 14.
[0013] The pair of conductors 11 and 12 include a
material having electrical conductivity. Each conductor
in the pair of conductors 11 and 12 has a planar shape
(specifically, planar shape in a plan view in one direction)
and arranged spaced apart from each other in the one
direction. In Embodiment 1, the "one direction" corre-
sponds to a thickness direction of panel 1, and is the
vertical direction. In the following, one of the pair of
conductors 11 and 12 is also referred to as first conductor
11, and the other conductor is also referred to as second
conductor 12. First conductor 11 is electrically connected
to one electrode (here, the positive electrode) of the pair
of electrodes on the output side of power supply 3.
Second conductor 12 is electrically connected to the
other electrode (here, the negative electrode) of the pair
of electrodes on the output side of power supply 3.
[0014] Insulator 13 includes a material having insulat-
ing properties. Insulator 13 has a planar shape (specifi-
cally, planar shape in a plan view in the one direction) and
disposed between the pair of conductors 11 and 12 in the
one direction. Moreover, insulator 13 electrically insu-

lates between the pair of conductors 11 and 12. In Em-
bodiment 1, first conductor 11 is disposed on a first sur-
face (upper surface in FIG. 1) of insulator 13 and second
conductor 12 is disposed on a second surface (lower
surface in FIG. 1) of insulator 13 in the thickness direction
of insulator 13 (i.e., the one direction). Note that second
conductor 12 may be disposed on the first surface of
insulator 13, and first conductor 11 may be disposed on
the second surface of insulator 13.
[0015] Attachment portion 14 includes a hole penetrat-
ing through the pair of conductors 11 and 12 in the one
direction. In Embodiment 1, attachment portion 14 in-
cludes a rectangle hole in a plane view in the one direc-
tion. Note that the shape of the hole included in attach-
ment portion 14 in the plan view is not limited to the
rectangle shape, and may be other shapes, for example,
a circular shape, etc. Moreover, in Embodiment 1, since
insulator 13 is disposed between the pair of conductors
11 and 12, attachment portion 14 includes a hole pene-
trating through the pair of conductors 11 and 12 and
insulator 13 in the one direction.
[0016] In Embodiment 1, a plurality of attachment por-
tions 14 are arranged in a grid-like pattern in the plan view
in the one direction. Therefore, panel 1 has a mesh shape
in the plan view in the one direction. Note that panel 1 may
be any shape as long as panel 1 includes a plurality of
attachment portions 14. Therefore, the arrangement of
the plurality of attachment portions 14 is not limited to the
above-mentioned arrangement, and may be any ar-
rangement.
[0017] Power supply 3 supplies DC power to the pair of
conductors 11 and 12. In Embodiment 1, power supply 3
includes a power converter including an AC/DC conver-
ter circuit. Power supply 3 converts alternating-current
(AC) power output from an electrical grid into DC power,
and outputs the converted DC power to the pair of con-
ductors 11 and 12. Note that in Embodiment 1, power
supply 3 may be any type as long as power supply 3
outputs DC power, and may be a power supply such as a
distributed energy like a photovoltaic solar cell or a sto-
rage battery, or a combination of one of these power
supplies and a power converter (for example, a power
converter including a DC/DC converter circuit).
[0018] Power supply 3 include a pair of electrodes on
the output side. The pair of electrodes may be disposed in
any manner with respect to panel 1 as long as each of the
pair of electrodes is electrically connected to one of the
pair of conductors 11 and 12. For example, power supply
3 may be disposed on one of four corners of panel 1 in the
plan view in the one direction.
[0019] Moreover, power supply 3 includes controller
31. Controller 31 may be implemented by, for example, a
microcomputer, but may be implemented by a processor
or a dedicated circuit. Functions of controller 31 may be
implemented by hardware, such as a microcomputer or a
processor included in controller 31, executing a computer
program (software) stored in memory. Controller 31 con-
trols the power converter according to, for example, a
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command value from an external controller or a com-
mand value stored in advance in memory so that the
output power (or output voltage) of power supply 3
matches the command value.
[0020] Connector 2 is provided to load 4, and includes
a pair of electrodes 23 and 24 (see FIG. 2). Moreover,
connector 2 is attachable to one attachment portion 14 of
the plurality of attachment portions 14. Furthermore,
connector 2 supplies the DC power output from power
supply 3 to load 4 via the pair of electrodes 23 and 24 and
the pair of conductors 11 and 12, with connector 2 being
attached to attachment portion 14.
[0021] Connector 2 may be formed integrally with load
4 and undetachable from load 4, or may be attachable to
and detachable from load 4. In the latter case, connector
2 may be attached to any load 4 as long as load 4 has a
structure to which connector 2 can be attached. More-
over, in the latter case, connector 2 and load 4 are
electrically connected to each other by using, for exam-
ple, a universal serial bus (USB) cable, etc.
[0022] Connector 2 includes main body 21 and fixing
portion 22, as illustrated in FIG. 1 and FIG. 2. FIG. 2 is a
diagram illustrating a method of attaching connector 2
according to Embodiment 1 to panel 1. In FIG. 2, (a)
illustrates a state in which main body 21 of connector 2 is
inserted into attachment portion 14. In FIG. 2, (b) illus-
trates a state in which main body 21 is rotated 90 degrees
clockwise around an axis in the one direction with main
body 21 of connector 2 being inserted into attachment
portion 14. In FIG. 2, (c) illustrates a state in which
connector 2 is attached to attachment portion 14.
[0023] Main body 21 is insertable into attachment por-
tion 14. In Embodiment 1, main body 21 has a cuboid
shape and its width and depth are both smaller than the
width and the depth of the hole included in attachment
portion 14. Note that the shape of main body 21 is not
limited to the cuboid shape, and may be any other shape
as long as main body 21 has a size that is insertable into
attachment portion 14.
[0024] Fixing portion 22 is a portion for fixing the pair of
electrodes 23 and 24 in contact with the pair of conduc-
tors 11 and 12, respectively, with main body 21 being
inserted into attachment portion 14 and sandwiching the
pair of conductors 11 and 12 in the one direction.
[0025] Specifically, fixing portion 22 includes a pair of
protrusions 221 and 222. Hereafter, among the pair of
protrusions 221 and 222, protrusion 221 located above in
the one direction is also referred to as first protrusion 221,
and protrusion 222 located below in the one direction is
also referred to as second protrusion 222. First protrusion
221 and second protrusion 222 both protrude from a side
surface of main body 21. In a plan view in the one
direction, first protrusion 221 (or second protrusion
222) and main body 21 each have a size that can pass
through attachment portion 14 with their longitudinal
direction being along the longitudinal direction of attach-
ment portion 14 (see (a) in FIG. 2). On the other hand, in
the plan view in the one direction, first protrusion 221 (or

second protrusion 222) and main body 21 each have a
size that cannot pass through attachment portion 14 with
their longitudinal direction intersecting with the longitu-
dinal direction of attachment portion 14 (see (b) in FIG. 2).
[0026] At least one of first protrusion 221 or second
protrusion 222 can move by sliding in the one direction. In
Embodiment 1, sliding a lever (not illustrated) provided to
main body 21 in the one direction allows first protrusion
221 to move by sliding. Moreover, first protrusion 221 is
biased by a spring (not illustrated) in a direction to narrow
the space between first protrusion 221 and second pro-
trusion 222.
[0027] First protrusion 221 includes electrode 23
(hereafter, also referred to as first electrode 23), which
is one of the pair of electrodes 23 and 24. Specifically, first
electrode 23 is attached on a surface (the lower surface in
(a) in FIG. 2) of first protrusion 221 that faces first con-
ductor 11 with main body 21 being inserted into attach-
ment portion 14. Moreover, second protrusion 222 in-
cludes electrode 24 (hereafter, also referred to as second
electrode 24), which is the other one of the pair of elec-
trodes 23 and 24. Specifically, second electrode 24 is
attached on a surface (the upper surface in (a) in FIG. 2)
of second protrusion 222 that faces second conductor 12
with main body 21 being inserted into attachment portion
14.
[0028] The pair of electrodes 23 and 24 are each
electrically connected to load 4 via wiring passing
through the inside of fixing portion 22 and main body
21. Therefore, electrical connection of the pair of electro-
des 23 and 24 to the pair of conductors 11 and 12 of panel
1, respectively, allows for provision of power to load 4
from power supply 3 via the pair of conductors 11 and 12
and the pair of electrodes 23 and 24.
[0029] Here, a method of attaching connector 2 to
attachment portion 14 will be described with reference
to FIG. 2. First, as illustrated in (a) in FIG. 2, a user inserts
connector 2 into attachment portion 14 in a direction in
which the longitudinal direction of first protrusion 221 (or
second protrusion 222) and main body 21 is along the
longitudinal direction of attachment portion 14. Here, the
user operates the lever provided on connector 2 to insert
connector 2 into attachment portion 14 while maintaining
the state in which first protrusion 221 is moved upward.
The user then inserts conductor 2 into attachment portion
14 to a position in which the pair of conductors 11 and 12
are placed between first protrusion 221 and second
protrusion 222.
[0030] Next, as illustrated in (b) in FIG. 2, the user
rotates connector 2 a predetermined degree (here, 90
degrees) around an axis in the one direction. In the
example illustrated in (b) in FIG. 2, connector 2 is rotated
clockwise, but connector 2 may be rotated counterclock-
wise. Moreover, the predetermined degree is not limited
to 90 degrees, and may be any degree as long as first
protrusion 221 (or second protrusion 222) of the rotated
connector 2 and main body 21 cannot pass through
attachment portion 14.
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[0031] After that, the user releases the lever provided
on connector 2. Then, as illustrated in (c) in FIG. 2, first
protrusion 221 that is moved upward against the elastic
force of the spring moves toward second protrusion 222
to return to the original position by the elastic force of the
spring. With this, first protrusion 221 and second protru-
sion 222 sandwich the pair of conductors 11 and 12 and
insulator 13, thereby fixing connector 2 to attachment
portion 14. As described above, rotation of fixing portion
22 around an axis in the one direction enables fixing
portion 22 to move between (i) a first position (see (a)
in FIG. 2) from which fixing portion 22 is movable in the
one direction inside attachment portion 14 and (ii) a
second position (see (c) in FIG. 2) in which fixing portion
22 is fixed to the pair of conductors 11 and 12 by sand-
wiching the pair of conductors 11 and 12.
[0032] Load 4 is driven by the power supplied from
power supply 3 by being electrically connected to the pair
of conductors 11 and 12 of panel 1 via connector 2. In
Embodiment 1, load 4 is a lighting fixture, but may be, for
example, a loudspeaker, a camera, a sensor, or a USB
power delivery (PD). In other words, load 4 may be a
device other than a lighting fixture as long as load 4 can
be driven by receiving power. Moreover, in Embodiment
1, load 4 that is electrically connected to the pair of
conductors 11 and 12 is a lighting fixture of one type,
but a plurality of types of loads 4 may be electrically
connected to the pair of conductors 11 and 12. For ex-
ample, a lighting fixture, a loudspeaker, a camera, a
sensor, and USB PD may be connected to the pair of
conductors 11 and 12.

[Advantages]

[0033] The following describes advantages of DC dis-
tribution system 100 according to Embodiment 1 with
comparison to a DC distribution system according to a
comparative example. The DC distribution system ac-
cording to the comparative example is a system that uses
a linear power track as a power supply line. In the DC
distribution system according to the comparative exam-
ple, DC power is supplied to a load by attaching the load
to the power track.
[0034] However, in the DC distribution system accord-
ing to the comparative example, the power track, which is
a power supply line, is linear. Therefore, there is such a
problem that the position to which the load is attached is
restricted to a linear arrangement, and such an arrange-
ment lacks flexibility. Moreover, even when the load is
located closer in distance to a power supply in the DC
distribution system according to the comparative exam-
ple, there may be a problem that DC power is supplied
from the power supply to the load over a longer distance
than the distance between the power supply and the load
depending on wiring conditions of the power track, which
is a power supply line. Furthermore, in the DC distribution
system according to the comparative example, when a
plurality of power tracks are connected and connection

failure between a load and a conductor included in one of
the power tracks or breakage of the conductor occur, all of
the power tracks cannot be used.
[0035] In contrast, in DC distribution system 100 ac-
cording to Embodiment 1, panel 1, which is a power
supply line, has a planar shape, and connector 2 and
load 4 can be freely attached to any position of attach-
ment portion 14 as long as it is a position where attach-
ment portion 14 is present in panel 1. In other words, DC
distribution system 100 according to Embodiment 1 has
an advantage of being capable of easily increasing the
flexibility in the attachment position of load 4, compared
with the DC distribution system according to the com-
parative example.
[0036] Moreover, DC distribution system 100 accord-
ing to Embodiment 1, the pair of conductors 11 and 12
each having a planar shape form a power supply line.
Therefore, DC distribution system 100 according to Em-
bodiment 1 has an advantage that such a situation does
not occur that DC power is supplied from power supply 3
to load 4 over a longer distance than a distance between
power supply 3 and load 4, as in the DC distribution
system according to the comparative example.
[0037] Moreover, in DC distribution system 100 ac-
cording to Embodiment 1, the pair of conductors 11
and 12 each having a planar shape form a power supply
line. Therefore, DC distribution system 100 according to
Embodiment 1 has an advantage that contact failure is
not likely to occur between the pair of conductors 11 and
12 and the pair of electrodes 23 and 24 of connector 2.
Furthermore, DC distribution system 100 according to
Embodiment 1 has an advantage that, even if the wire of
any part of the pair of conductors 11 and 12 brakes due to
a fracture, etc., panel 1 can be used excluding the broken
part.

[Embodiment 2]

[0038] The following describes DC distribution system
100A according to Embodiment 2 with reference to FIG.
3. FIG. 3 is a schematic diagram illustrating a configura-
tion of DC distribution system 100A according to Embo-
diment 2. As illustrated in FIG. 3, DC distribution system
100A according to Embodiment 2 is different from DC
distribution system 100 according to Embodiment 1 in
that DC distribution system 100A includes a plurality of
panels 1, and power supply 3 is connected to each of four
corners of one or more panels 1. In other words, when
one panel 1 is focused on among the plurality of panels 1,
a plurality of power supplies 3 are electrically connected
to a pair of conductors 11 and 12 of panel 1.
[0039] Specifically, in each of power supplies 3, the pair
of electrodes 23 and 24 are electrically connected to the
pair of conductors 11 and 12 of each of a plurality of
panels 1 located around power supply 3. In other words,
each of power supplies 3 is electrically connected to (i) a
pair of conductors 11 and 12 of main panel 1A, which is
panel 1 for which power supply 3 serves as main power
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supply 3A, and (ii) a pair of conductors 11 and 12 of sub-
panel 1B, which is panel 1 for which power supply 3 does
not serve as main power supply 3A.
[0040] Here, when one panel 1 is focused on, main
power supply 3A is power supply 3 that supplies power to
panel 1, among power supplies 3 that are electrically
connected to the pair of conductors 11 and 12 of panel 1.
In the example illustrated in FIG. 3, power supply 3
enclosed by a circle is main power supply 3A for panel
1 enclosed by a rectangular frame. Moreover, in the
example illustrated in FIG. 3, when viewed from power
supply 3 enclosed by the circle, among four panels 1
around power supply 3 enclosed by the circle, panel 1
enclosed by the rectangular frame is main panel 1A, and
the remaining three panels 1 are sub-panels 1B.
[0041] Then, for each of the plurality of power supplies
3, diode D1 is provided between power supply 3 and the
pair of conductors 11 and 12 of sub-panel 1B, and diode
D1 includes an anode that is electrically connected to
power supply 3 and a cathode that is electrically con-
nected to the pair of conductors 11 and 12 of sub-panel
1B. FIG. 4 is a diagram illustrating a connection relation-
ship between power supply 3 and surrounding panels 1 in
DC distribution system 100A according to Embodiment 2.
As illustrated in FIG. 4, diode D1 is not provided in the
power supply line between power supply 3 and main
panel 1A (see FIG. 3). On the other hand, diode D1 is
provided in the power supply linebetween power supply 3
and sub-panel 1B (see FIG. 3), and the anode of diode D1
is electrically connected to power supply 3, and the
cathode of diode D1 is electrically connected to the pair
of conductors 11 and 12 of sub-panel 1B.
[0042] Moreover, in DC distribution system 100A ac-
cording to Embodiment 2, each of power supplies 3 is
controlled by controller 31 to have an output character-
istic as illustrated in FIG. 5. FIG. 5 is a diagram illustrating
an output characteristic of power supply 3 in DC distribu-
tion system 100A according to Embodiment 2. In FIG. 5,
the vertical axis represents the output voltage of power
supply 3, and the horizontal axis represents the output
power of power supply 3. Moreover, in FIG. 5, the solid
line indicates the output characteristic of main power
supply 3A when one panel 1 is focused on, and the
dash-dot line indicate the output characteristic of sub-
power supplies 3B other than main power supply 3A.
Note that the difference between the output voltage in-
dicated by the solid line and the output voltage indicated
by the dash-dot line is a decrease in voltage in diode D1.
[0043] As illustrated in FIG. 5, the output voltage of
power supply 3 is controlled by controller 31 to be a
constant voltage until the output power of power supply
3 reaches a predetermined value (here, 50% when the
rated output is 100%). On the other hand, when the
output power of power supply 3 exceeds the predeter-
mined value, the output voltage of power supply 3 is
controlled by controller 31 to decrease gradually as the
output power increases. In other words, in DC distribution
system 100A according to Embodiment 2, it can be said

that each of power supplies 3 includes controller 31 that
controls power supply 3 such that the output voltage
decreases when the output power is greater than the
predetermined value. Controller 31 monitors the output
power of power supply 3 based on, for example, a result
of measurement of the current flowing through the pair of
conductors 11 and 12 of main panel 1A by a current
sensor (not illustrated).
[0044] The following describes operations of DC dis-
tribution system 100A according to Embodiment 2. In the
following, description is given by focusing on one panel 1,
and one power supply 3 among four power supplies 3 on
the four corners of the one panel 1 is referred to as main
power supply 3A, and the remaining three power supplies
3 are referred to as sub-power supplies 3B. Moreover,
description is given by assuming that the output power of
the other power supplies 3 has not reached to the pre-
determined value.
[0045] As illustrated in FIG. 5, the output voltage of
main power supply 3A is greater than the output voltage
of at least one of the other power supplies 3 until the
output power of main power supply 3A reaches threshold
P1. In this state, main power supply 3A alone supplies
power to its corresponding panel 1. On the other hand,
when the output power of main power supply 3A in-
creases as a result of an increase in the number of loads
4 attached to panel 1 and the output power of main power
supply 3A reaches threshold P1, the output voltage of
main power supply 3A falls below the output voltage of at
least one of sub-power supplies 3B. Then, when the
electric potential of at least one of sub-power supplies
3B becomes higher than the electric potential of panel 1,
power is supplied to panel 1 from at least one of sub-
power supplies 3B via diode D1.
[0046] As described above, in DC distribution system
100A according to Embodiment 2, each of power sup-
plies 3 functions as an auxiliary power supply that sup-
plies power to panel 1 when output power of main power
supply 3A supplying power to panel 1 exceeds threshold
P1. Therefore, since power is supplied to panel 1 by a
plurality of power supplies 3 by complementing each
other in DC distribution system 100A according to Em-
bodiment 2, DC distribution system 100A has an advan-
tage of being capable of supplying power stably to load 4
that is electrically connected to panel 1.

[Variations]

[0047] Embodiments 1 and 2 have been described
above, but the present invention should not be limited
to Embodiments 1 and 2 described above. The following
lists variations of Embodiments 1 and 2.

[Variation 1]

[0048] In Embodiments 1 and 2, panel 1 includes in-
sulator 13 sandwiched by a pair of conductors 11 and 12,
but the present invention is not limited to this example.
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For example, panel 1 need not include insulator 13. In this
case, the pair of conductors 11 and 12 may be spaced
apart from each other enough to ensure electrical insula-
tion.
[0049] Moreover, in this case, the connector may in-
clude a configuration that can replace insulator 13. FIG. 6
is a schematic diagram illustrating a configuration of
connector 2A according to Variation 1. As illustrated in
FIG. 6, connector 2A according to Variation 1 further
includes insulation portion 25. Insulation portion 25 in-
cludes a material having an electrical insulating property,
and protrudes from a side surface of main body 21 to
locate between a pair of protrusions 221 and 222 in the
one direction. Furthermore, as illustrated in FIG. 6, in-
sulation portion 25 electrically insulates between a pair of
conductors 11 and 12 by being inserted between the pair
of conductors 11 and 12, with main body 21 being in-
serted into attachment portion 14, i.e., a pair of electrodes
23 and 24 being in contact with the pair of conductors 11
and 12, respectively.
[0050] This provides an advantage that a short circuit
between the pair of conductors 11 and 12 can be pre-
vented by insulation portion 25, with connector 2A being
attached to attachment portion 14. In other words, it is
advantageous in that electrical insulation between the
pair of conductors 11and 12 can be ensured by connector
2A even when panel 1 does not include insulator 13.

[Variation 2]

[0051] In Embodiments 1 and 2 described above, the
connector may further include an abrading portion. FIG. 7
is a schematic diagram illustrating a configuration of
connector 2B according to Variation 2. As illustrated in
FIG. 7, connector 2B according to Variation 2 further
includes insulation portion 25, as with connector 2A
according to Variation 1. Furthermore, in connector 2B
according to Variation 2, a lower surface of first protrusion
221 and an upper surface of insulation portion 25 that are
opposite to each other are inclined to reduce a distance
between the lower surface of first protrusion 221 and the
upper surface of insulation portion 25 toward main body
21. Similarly, a lower surface of insulation portion 25 and
an upper surface of second protrusion 222 that are
opposite to each other are inclined to reduce a distance
therebetween toward main body 21. Moreover, the pair of
protrusions 221 and 222 each include a material having a
degree of hardness higher than the degrees of hardness
of the pair of conductors 11 and 12. A lower surface of first
protrusion 221 and an upper surface of second protrusion
222 form abrading portion 26. Stated differently, fixing
portion 22 includes abrading portion 26.
[0052] Connector 2B according to Variation 2 is rotated
a predetermined degree with connector 2B being in-
serted into attachment portion 14, the lower surface of
first protrusion 221 moves while being in contact with first
conductor 11, and the upper surface of second protrusion
222 moves while being in contact with second conductor

12. With this, the surface of first conductor 11 is abraded
by friction with the lower surface of first protrusion 221.
Moreover, the surface of second conductor 12 is abraded
by friction with the upper surface of second protrusion
222.
[0053] As described above, fixing portion 22 of con-
nector 2B according to Variation 2 includes abrading
portion 26 that abrades the pair of conductors 11 and
12 by friction during a movement of fixing portion 22 from
the first position to the second position. Therefore, in
Variation 2, there is an advantage that abrasion of the
surfaces of the pair of conductors 11 and 12 by abrading
portions 26 can easily prevent the surfaces of the pair of
conductors 11 and 12 from oxidizing, and contact failure
between the pair of conductors 11 and 12 and the pair of
electrodes 23 and 24 is less likely to occur.

[Variation 3]

[0054] In Embodiments 1 and 2 described above, con-
nector 2 is attachable to panel 1 by rotating around the
axis in the one direction with fixing portion 22 being
inserted into attachment portion 14, but the present in-
vention is not limited to this example. For example, the
connector may be attachable to a panel without rotation.
[0055] FIG. 8 is a schematic diagram illustrating a
configuration of DC distribution system 100B according
to Variation 3. FIG. 8 is a plan view of attachment portion
14A and connector 2C as viewed in the one direction. As
illustrated in FIG. 8, attachment portion 14A includes an
inverted L-shaped hole in the plan view in the one direc-
tion. Specifically, in the plan view in the one direction,
attachment portion 14A includes first opening 141 having
a rectangular shape and second opening 142 having a
side in the longitudinal direction shorter than a side of first
opening 141 in the longitudinal direction, and first open-
ing 141 and second opening 142 are connected to each
other.
[0056] In connector 2C, first protrusion 221 (or second
protrusion 222) and main body 21 each have a size that
can pass through first opening 141 of attachment portion
14A in the plan view in the one direction (see (a) in FIG. 8).
In contrast, only first protrusion 221 (or second protrusion
222) of connector 2C has a size that can pass through
second opening 142 of attachmentportion 14A in the plan
view in the one direction (see (b) in FIG. 8).
[0057] Here, a method of attaching connector 2C to
attachment portion 14A will be described with reference
to FIG. 8. Note that the operation for the lever provided to
connector 2C is the same as in Embodiment 1, and
therefore description thereof is omitted. First, as illu-
strated in (a) in FIG. 8, a user inserts connector 2C into
first opening 141 of attachment portion 14A in a direction
in which the longitudinal direction of first protrusion 221
(or second protrusion 222) and main body 21 is along the
longitudinal direction of first opening 141 of attachment
portion 14A. The user then inserts conductor 2C into first
opening 141 of attachment portion 14A to a position in
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which the pair of conductors 11 and 12 are placed be-
tween first protrusion 221 and second protrusion 222.
[0058] Next, as illustrated in (b) in FIG. 8, the user
slides connector 2C in a direction from first opening
141 to second opening 142. With this, main body 21 of
connector 2C is inserted into second opening 142. In this
state, as with Embodiment 1, first protrusion 221 and
second protrusion 222 sandwich the pair of conductors
11 and 12 and insulator 13, thereby fixing connector 2C to
attachment portion 14A.

[Variation 4]

[0059] Embodiment 2 described above implements
supplying power to panel 1 from at least one of other
power supplies 3 different from main power supply 3A by
using diodes D1, but the present invention is not limited to
this example. For example, each of power supplies 3 may
communicate with the other power supplies 3 different
from power supply 3, and when power supply 3 obtains
information indicating that output power of another power
supply 3 exceeds a threshold, power supply 3 supplies
power to panel 1 (main panel 1A) to which the other power
supply 3 is supplying power as main power supply 3A.
[0060] FIG. 9 is a block diagram illustrating a config-
uration of power supply 3 in DC distribution system 100C
according to Variation 4. DC distribution system 100C
according to Variation 4 is different from DC distribution
system 100A according to Embodiment 2 in that each of
the plurality of power supplies 3 of DC distribution system
100C includes, instead of the plurality of diodes D1,
communicator 32 that communicates with the other
power supplies 3 different from power supply 3. More-
over, in DC distribution system 100C according to Varia-
tion 4, each of power supplies 3 does not have an output
characteristic (see FIG. 5) as with Embodiment 2. The
following describes DC distribution system 100C by fo-
cusing on one of power supplies 3. This power supply 3
functions as sub-power supply 3B when another power
supply 3 functions as main power supply 3A.
[0061] Communicator 32 communicates with the other
communicators 32 of the other power supplies 3, for
example, through power line communication (PLC). Note
that communicator 32 may communicate with the other
communicators 32 of the other power supplies 3 through
wired communication other than PLC, or wireless com-
munication.
[0062] Communicator 32 obtains information related to
output power of at least one of the other power supplies 3,
i.e., information related to output power of another power
supply 3 as main power supply 3A. Communicator 32
obtains information related to output power of at least one
of the other power supplies 3 by, for example, obtaining a
result of measurement of current flowing through a pair of
conductors 11 and 12 of panel 1 (main panel 1A) to which
another power supply 3 is supplying power as main
power supply 3A.
[0063] When the output power of the other power

supply 3 (main power supply 3A) obtained by commu-
nicator 32 reaches threshold P1, controller 31 controls
the output voltage of at least one of power supplies 3
(sub-power supplies 3B) to be higher than the output
voltage of the other power supply 3 (main power supply
3A). With this, power is supplied to panel 1 (main panel
1A) from the at least one of power supplies 3 (sub-power
supplies 3B).
[0064] The scope of the present invention may also
include embodiments as a result of adding various mod-
ifications to the embodiments that may be conceived by
those skilled in the art, and embodiments obtained by
combining structural elements and functions in the em-
bodiments in any manner as long as the combination
does not depart from the teaching of the present inven-
tion.

(Conclusion)

[0065] As described above, each of DC distribution
systems 100, 100A, 100B, and 100C according to a first
aspect includes: panel 1, power supply 3, and one of
connectors 2, 2A, 2B, and 2C. Panel 1 includes: a pair of
conductors 11 and 12 arranged spaced apart from each
other in one direction; and a plurality of attachment por-
tions 14 or 14A that penetrate through the pair of con-
ductors 11 and 12 in the one direction, each conductor in
the pair of conductors 11 and 12 having a planar shape.
Power supply 3 supplies DC power to the pair of con-
ductors 11 and 12. Each of connectors 2, 2A, 2B, and 2C
is provided to load 4 and includes a pair of electrodes 23
and 24, connectors 2, 2A, 2B, and 2C being attachable to
attachment portion 14 or 14A of the plurality of attach-
ment portions 14 and 14A. Each of connectors 2, 2A, 2B,
and 2C supplies the DC power output from power supply
3 to load 4 via the pair of electrodes 23 and 24 and the pair
of conductors 11 and 12, with connectors 2, 2A, 2B, and
2C being attached to attachment portion 14 or 14A.
[0066] This provides an advantage that the flexibility in
the attachment position of load 4 can be easily increased.
[0067] Moreover, in DC distribution system 100, 100A,
100B, and 100C according to a second aspect, in the first
aspect, connector 2, 2A, 2B, and 2C includes: main body
21 that is insertable into attachment portion 14 or 14A;
and fixing portion 22. Fixing portion 22 sandwiches the
pair of conductors 11 and 12 in the one direction with main
body 21 being inserted into attachment portion 14 or 14A
to fix the pair of electrodes 23 and 24, with one electrode
of the pair of electrodes being in contact with one con-
ductor of the pair of conductors 11 and 12 and an other
electrode of the pair of electrodes 23 and 24 being in
contact with an other conductor of the pair of conductors
11 and 12.
[0068] This provides an advantage that fixing connec-
tors 2, 2A, 2B, and 2C to attachment portions 14 or 14A
and electrically connecting the pair of conductors 11 and
12 to the pair of electrodes 23 and 24 can be performed in
one process.
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[0069] Moreover, each of DC distribution system 100,
100A, 100B, and 100C according to a third aspect, further
includes, in the first or second aspect, insulator 13 having
a planar shape. Insulator 13 is located between the pair of
conductors 11 and 12 in the one direction and electrically
insulates between the pair of conductors 11 and 12.
[0070] This provides an advantage that a short circuit
between the pair of conductors 11 and 12 can be pre-
vented by insulator 13, with connectors 2, 2B, and 2C
being attached to attachment portion 14 or 14A.
[0071] Moreover, in each of DC distribution systems
100, 100A, 100B, and 100C according to a fourth aspect,
in the second aspect, connector 2A further includes in-
sulation portion 25. Insulation portion 25 electrically in-
sulates between the pair of conductors 11 and 12 by
being inserted between the pair of conductors 11 and
12, with the pair of electrodes 23 and 24 being in contact
with the pair of conductors 11 and 12.
[0072] This provides an advantage that a short circuit
between the pair of conductors 11 and 12 can be pre-
vented by insulation portion 25, with connector 2A being
attached to attachment portion 14 or 14A.
[0073] Moreover, in each of DC distribution systems
100, 100A and 100C according to a fifth aspect, in the
second aspect, rotation of fixing portion 22 aroundan axis
in the one direction enables fixing portion 22 to move
between (i) a first position from which fixing portion 22 is
movable in the one direction inside attachment portion 14
and (ii) a second position in which fixing portion 22 is fixed
to the pair of conductors 11 and 12 by sandwiching the
pair of conductors 11 and 12.
[0074] This provides an advantage that connectors 2,
2A, and 2B can be easily attached to attachment portion
14 because only rotating connectors 2, 2A, and 2B can
switch the states of connectors 2, 2A, and 2B between a
state in which connectors 2, 2A, and 2B are insertable
into attachment position 14 and a state in which connec-
tors 2, 2A, and 2B can be fixed to attachment portion 14.
[0075] Moreover, in each of DC distribution systems
100, 100A, 100B, and 100C according to a sixth aspect,
in the fifth aspect, fixing portion 22 includes abrading
portion 26 that abrades the pair of conductors 11 and 12
by friction during a movement of fixing portion 22 from the
first position to the second position.
[0076] This provides an advantage that abrasion of the
surfaces of the pair of conductors 11 and 12 by abrading
portions 26 can easily prevent the surfaces of the pair of
conductors 11 and 12 from oxidizing, and contact failure
between the pair of conductors 11 and 12 and the pair of
electrodes 23 and 24 is less likely to occur.
[0077] Moreover, in each of DC distribution system
100A and 100C according to a seventh aspect, in any
one of the first to sixth aspects, a plurality of power
supplies 3 are electrically connected to the pair of con-
ductors 11 and 12 of panel 1, the plurality of power
supplies 3 each being power supply 3. The plurality of
power supplies 3 each supply power to panel 1 when
output power of main power supply 3A, among the plur-

ality of power supplies 3, supplying power to panel 1
exceeds threshold P1.
[0078] With this, since power is supplied to panel 1 by
the plurality of power supplies 3 by complementing each
other, this provides an advantage that power can be
supplied stably to load 4 that is electrically connected
to panel 1.
[0079] Moreover, in DC distribution system 100A ac-
cording to an eight aspect, in the seventh aspect, each of
the plurality of power supplies 3 includes controller 31
that controls power supply 3 to reduce an output voltage
when the output power exceeds a predetermined value.
Each of the plurality of power supplies 3 is electrically
connected to (i) the pair of conductors 11 and 12 of main
panel 1A and (ii) a pair of conductors 11 and 12 of sub-
panel 1B, main panel 1A being panel 1 in which power
supply 3 serves as the main power supply 3A, sub-panel
1B being panel 1 in which power supply 3 does not serve
as main power supply 3A. For each of the plurality of
power supplies 3, diode D1 is provided between power
supply 3 and the pair of conductors 11 and 12 of sub-
panel 1B, and diode D1 includes an anode that is elec-
trically connected to power supply 3 and a cathode that is
electrically connected to the pair of conductors 11 and 12
of sub-panel 1B.
[0080] This provides an advantage that a simple con-
figuration of providing diode D1 in a power supply line can
achieve the configuration in which power is supplied to
panel 1 by the plurality of power supplies 3 by comple-
menting each other.
[0081] Moreover, in DC distribution system 100C ac-
cording to a ninth aspect, in the seventh aspect, each of
the plurality of power supplies 3 includes communicator
32 that communicates with an other power supply 3
different from power supply 3. Communicator 32 obtains
information related to the output power of main power
supply 3A.
[0082] This provides an advantage that a configuration
can be achieved in which each of the plurality of power
supplies 3 knows the output power of main power supply
3A through communicator 32 and thus the plurality of
power supplies 3 can supply power to panel 1 by com-
plementing each other.

[Reference Signs List]

[0083]

100, 100A, 100B, 100C direct-current (DC) distribu-
tion system
1 panel
11 first conductor (conductor)
12 second conductor (conductor)
13 insulator
14, 14A attachment portion
1A main panel
1B sub-panel
2, 2A, 2B, 2C connector
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21 main body
22 fixing portion
221 first protrusion
222 second protrusion
23 first electrode (electrode)
24 second electrode (electrode)
25 insulation portion
26 abrading portion
3 power supply
31 controller
32 communicator
3A main power supply
4 load
D1 diode
P1 threshold

Claims

1. A direct-current (DC) distribution system comprising:

a panel including: a pair of conductors arranged
spaced apart from each other in one direction;
and a plurality of attachment portions that pene-
trate through the pair of conductors in the one
direction, each conductor in the pair of conduc-
tors having a planar shape;
a power supply that supplies DC power to the
pair of conductors; and
a connector that is provided to a load and in-
cludes a pair of electrodes, the connector being
attachable to an attachment portion of the plur-
ality of attachment portions, wherein
the connector supplies the DC power output
from the power supply to the load via the pair
of electrodes and the pair of conductors, with the
connector being attached to the attachment por-
tion.

2. The DC distribution system according to claim 1,
wherein
the connector includes:

a main body that is insertable into the attach-
ment portion; and
a fixing portion that sandwiches the pair of con-
ductors in the one direction with the main body
being inserted into the attachment portion to fix
the pair of electrodes, with one electrode of the
pair of electrodes being in contact with one
conductor of the pair of conductors and an other
electrode of the pair of electrodes being in con-
tact with an other conductor of the pair of con-
ductors.

3. The DC distribution system according to claim 1 or 2,
further comprising:
an insulator that is located between the pair of con-

ductors in the one direction and electrically insulates
between the pair of conductors, the insulator having
a planar shape.

4. The DC distribution system according to claim 2,
wherein
the connector further includes an insulation portion
that electrically insulates between the pair of con-
ductors by being inserted between the pair of con-
ductors, with the pair of electrodes being in contact
with the pair of conductors.

5. The DC distribution system according to claim 2,
wherein
rotation of the fixing portion around an axis in the one
direction enables the fixing portion to move between
(i) a first position from which the fixing portion is
movable in the one direction inside the attachment
portion and (ii) a second position in which the fixing
portion is fixed to the pair of conductors by sandwich-
ing the pair of conductors.

6. The DC distribution system according to claim 5,
wherein
the fixing portion includes an abrading portion that
abrades the pair of conductors by friction during a
movement of the fixing portion from the first position
to the second position.

7. The DC distribution system according to claim 1 or 2,
wherein

a plurality of power supplies are electrically con-
nected to the pair of conductors of the panel, the
plurality of power supplies each being the power
supply, and
the plurality of power supplies each supply
power to the panel when output power of a main
power supply, among the plurality of power sup-
plies, supplying power to the panel exceeds a
threshold.

8. The DC distribution system according to claim 7,
wherein

each of the plurality of power supplies includes a
controller that controls the power supply to re-
duce an output voltage when the output power
exceeds a predetermined value,
each of the plurality of power supplies is elec-
trically connected to (i) the pair of conductors of a
main panel and (ii) a pair of conductors of a sub-
panel, the main panel being a panel in which the
power supply serves as the main power supply,
the sub-panel being a panel in which the power
supply does not serve as the main power supply,
and
for each of the plurality of power supplies, a
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diode is provided between the power supply and
the pair of conductors of the sub-panel, and the
diode includes an anode that is electrically con-
nected to the power supply and a cathode that is
electrically connected to the pair of conductors
of the sub-panel.

9. The DC distribution system according to claim 7,
wherein

each of the plurality of power supplies includes a
communicator that communicates with an other
power supply different from the power supply,
and
the communicator obtains information related to
the output power of the main power supply.
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