DESCRIPTION

OZONE GENERATION DEVICE AND FUSE HOLDER

FIELD

[0001] The embodiment of the present invention relates

to an ozone generation device and a fuse holder.

BACKGROUND
(00021 An ozone generation device in which a fuse holder
is interposed between a discharge tube and a fuse has been

conventionally known.

CITATION LIST

Patent Literature

[0003] Patent Literature 1l: Japanese Patent Application
Laid~open No. 2007-169134

SUMMARY OF THE INVENTION
Problem to be Solved by the Invention
[0004] In such an ozone generation device, for example,

it is preferable to support the fuse more stably.

Means for Solving Problem

[0005] An ozone generation device of an embodiment, for
an example, comprises a first electrode unit, a second
electrode unit, a fuse and a fuse holder. The first
electrode unit is provided on an inner face of a discharge
tube having a cylindrical shape. The second electrode unit
is provided outside the discharge tube at an interval, and
faces the first electrode unit. The fuse comprises an outer
face, a diameter of the outer face is smaller than a

diameter of the inner face, the fuse has a cylindrical



shape, at least a part of the outer face being positioned
inside the discharge tube. The fuse holder is formed
substantially in a C shape as well as in a plate shape, is
interposed between the discharge tube and the fuse, the
fuse holder comprises the outer periphery and an inner
periphery and is provided with a first opening and a second
opening, the outer periphery extends in an arc along the
inner face to come into contact with the inner face, the
inner periphery extends in an arc along the outer face to
come into contact with the outer face, the first opening is
positioned on a side of an axial center of the inner
periphery to receive the fuse, the second opening opens the
first opening outwardly in a radial direction of the axial

center.

BRIEF DESCRIPTION OF DRAWINGS
[0006] FIG. 1 is a sectional view of an example of an
ozone generation device according to an embodiment.

FIG. 2 is an enlarged view at or near a fuse holder of
an example of the ozone generation device according to the
embodiment.

FIG. 3 is a perspective view of an example of a fuse
fitted with the fuse holder according to the embodiment.

FIG. 4 is a plan view of an example of the fuse holder
according to the embodiment.

FIG. 5 is a plan view of an example of a fuse fitted

with the fuse holder according to the embodiment.

DETAILED DESCRIPTION

[0007] Hereinafter, an embodiment will be described with
reference to the accompanying drawings. The structure of
the embodiment described below, and the operations and

results (effects) provided by the structure are merely



examples. The present invention can also be achieved by
the structure other than that disclosed in the following
embodiment, and can obtain various effects (including
secondary effects) based on the basic structure.

[0008] In the present embodiment, for example, as
illustrated in FIG. 1, an ozone generation device 1
comprises a housing 2, a discharge tube 4, a first
electrode unit 13, a second electrode unit 15, a fuse 5, a
fuse holder 20, and a power supply unit 30. The ozone
generation device 1 introduces raw material gas (such as
dry air and oxygen gas) including oxygen into the housing 2,
thereby supplying the raw material gas into a discharge
space 16 (gap and discharge gap) provided between the first
electrode unit 13 and the second electrode unit 15. At
this time, with high voltage applied between the first
electrode unit 13 and the second electrode unit 15 via the
power supply unit 30, silent discharge occurs in the
discharge space 16. Consequently, the raw material gas
that passes through the discharge space 16 is converted
into ozone.

[0009] The housing 2 (container, airtight container, and
can body), for example, includes a tube 2a (cylinder) and a
pair of closing portions 2b and 2c¢ (closing boards, end
plates, and lids). The closing portion 2b closes an end 2d
at one side of the tube 2a in an axial direction, and the
closing portion 2c¢ closes an end 2e at the other side of
the tube 2a in the axial direction. An introduction port 7
that introduces the raw material gas is provided at the end
2d of the tube 2a, and a discharge port 8 that discharges
ozonized gas obtained by ozonization in the discharge space
16, is provided at the end 2e of the tube 2a. At a
position overlapping with the second electrode unit 15 of

the tube 2a, an introduction inlet 9 that introduces



cooling water that cools the second electrode unit 15 and a
discharge outlet 10 that discharges the cooling water are
provided. The housing 2, for example, may be made of
stainless steel.

[0010] The discharge tube 4, for example, as illustrated
in FIGS. 1, 2, and 5, has a tubular shape (cylindrical
shape). More specifically, the discharge tube 4 includes a
tube 4a (cylinder) and a closing portion 4b (closing board,
end plate, and lid). An opening 4e is provided at an end
4c at one side of the discharge tube 4 in the axial
direction, and the side of the end 4c of the discharge tube
4 is opened at the opening 4e. An end 4d at the other side
of the discharge tube 4 in the axial direction is closed by
the closing portion 4b. The fuse 5 is fitted to the
opening 4e of the discharge tube 4. The discharge tube 4
also includes an outer face 4f (outer peripheral face,
outside face, and face) and an inner face 4g (inner
peripheral face, inside face, and face).

[0011] The first electrode unit 13, for example, is
provided on the inner face 4g of the discharge tube 4.

More specifically, the first electrode unit 13 has a
tubular shape (in the present embodiment, for example, a
cylindrical shape) along the inner face 4g of the discharge
tube 4. More specifically, the first electrode unit 13 is
provided on the inner face 4g of the discharge tube 4 in a
film state (thin plate state), by vapor-depositing a
conductive metal material (such as aluminum, nickel, and
stainless steel) thereon.

[0012] The second electrode unit 15, for example, is
configured with a tubular-shaped (cylindrical-shaped)
grounding electrode tube 3. The grounding electrode tube 3
is provided outside the discharge tube 4 at an interval,

and faces the first electrode unit 13. A spacer 14 is



interposed between the grounding electrode tube 3 and the
discharge tube 4. The grounding electrode tube 3 and the
discharge tube 4 are placed concentrically. The discharge
space 16 with a substantially constant height in the radial
direction, which extends in the axial direction, is
provided between the first electrode unit 13 and the
grounding electrode tube 3 (second electrode unit 15). The
grounding electrode tube 3 (second electrode unit 15) may
be made of a conductive metal material (such as stainless
steel).

[0013] In the present embodiment, for example, coupling
portions 11 and 12 (coupling plates, end plates, partition
portions) are provided at ends 3a and 3b at both sides of
the grounding electrode tube 3 in the axial direction. The
coupling portions 11 and 12 each have a tubular shape (in
the present embodiment, for example, a cylindrical shape)
along the tube 2a, and fixed to an inner face 2f of the
tube 2a. In the present example, for example, a plurality
of grounding electrode tubes 3 and discharge tubes 4 are
provided in the housing 2. The coupling portions 11 and 12
couple these grounding electrode tubes 3. The coupling
portions 11 and 12 are also provided with a plurality of
openings lla and 12a (holes) that open a plurality of
discharge spaces 16 outwardly in the axial direction. The
coupling portions 11 and 12 also function as partitions
that divide a raw material gas chamber 31 positioned at an
upstream side of the discharge space 16 and an ozonized gas
chamber 32 positioned at a downstream side of the discharge
space 16,

[0014] In the present embodiment, for example, a cooling
chamber 17 enclosed by the grounding electrode tube 3, the
coupling portions 11 and 12, and the tube 2a is provided

outside the grounding electrode tube 3. The cooling water



introduced into the cooling chamber 17 from the
introduction inlet 9 cools the grounding electrode tube 3
(second electrode unit 15), and is discharged from the
discharge outlet 10. By cooling the grounding electrode
tube 3 (second electrode unit 15), it is possible to
prevent the temperature in the discharge space 16 from
increasing. Thus, it is possible to more easily prevent
the ozone generation efficiency from decreasing due to the
temperature rise.

[0015] The fuse 5, for example, as illustrated in FIG. 3,
has a cylindrical shape. The fuse 5 includes an outer face
5a (outer peripheral face, outside face, and face) with a
diameter (outer diameter) smaller than a diameter (inner
diameter) of the inner face 4g of the discharge tube 4. An
end 5c at one side of the fuse 5 in the axial direction is
connected to a conductor 35 (such as a lead wire and a bus
bar), and the fuse 5 and the power supply unit 30 are
electrically connected via the conductor 35. A power feed
terminal 18 is connected (coupled) to an end 5d at the
other side of the fuse 5 in the axial direction. A linear-
shaped conductor 19 (such as steel wool and metal wool) is
provided between the power feed terminal 18 and the first
electrode unit 13. The conductor 19 covers the power feed
terminal 18 along the circumference direction of the fuse 5.
The first electrode unit 13 is electrically connected to
the power supply unit 30 via the power feed terminal 18 and
the conductor 19 of the fuse 5. The power feed terminal 18
and the conductor 19 are inserted (pressed) into the inside
of the discharge tube 4, thereby the fuse 5 is fitted to
the discharge tube 4. In such a state that the fuse 5 is
fitted to the discharge tube 4, at least a part of the
outer face 5a is positioned inside the discharge tube 4.

The grounding electrode tube 3 (second electrode unit 15),



the discharge tube 4 (first electrode unit 13), the fuse 5,
and the like are respectively arranged inside the housing 2,
in a posture extending substantially in a horizontal
direction.

[0016] The fuse holder 20 is provided between the
discharge tube 4 and the fuse 5. The fuse holder 20, as
illustrated in FIGS. 3 and 4, has an outer periphery 20a
and an inner periphery 20b. The fuse holder 20 is provided
with an opening 21 (first opening) on the side of an axial
center 25 of the inner periphery 20b. The fuse 5 is
inserted (pressed) into the opening 21, thereby the inner
periphery 20b of the fuse holder 20 comes into contact with
the outer face 5a of the fuse 5, and the fuse holder 20
fitted to the fuse 5. The fuse 5 and the fuse holder 20
are inserted (pressed) into the inside of the discharge
tube 4, thereby the outer periphery 20a of the fuse holder
20 comes into contact with the inner face 4g of the
discharge tube 4. Thus, the fuse holder 20 supports the
fuse 5 between the discharge tube 4 and the fuse 5. Here,
in the present embodiment, for example, the fuse holder 20
is provided with an opening 22 (second opening) that opens
the opening 21 outwardly in the radial direction of the
axial center 25. Consequently, the fuse holder 20 is
‘formed substantially in a C shape. In other words, the
outer periphery 20a and the inner periphery 20b are formed
substantially in a C shape by the opening 22, and the outer
periphery 20a comes into contact with the inner face 4g of
the discharge tube 4. Thus, according to the present
embodiment, a contact area between the outer periphery 20a
of the fuse holder 20 and the inner face 4g of the
discharge tube 4 is larger than that of the conventional
configuration in which three projections provided at even

intervals in the circumference direction come into contact



with the inner face 4g of the discharge tube 4. Hence, it
is possible to more easily prevent the fuse 5 from coming
loose.,

[0017] In the present embodiment, for example, the fuse
holder 20 includes two ends 20c and 20d (edges) in the
circumference direction, and four corners 20f to 201
(apexes, curves, and ends). The end 20c extends along the
radial direction of the axial center 25, from the corner
20f of the inner periphery 20b to the corner 20g of the
outer periphery 20a. The end 20d extends along the radial
direction of the axial center 25, from the corner 20h of
the inner periphery 20b to the corner 20i of the outer
periphery 20a. The two ends 20c and 20d face each other,
and face the opening 22. The two ends 20c and 20d spread
from the inner periphery 20b toward the outer periphery 20a.
More specifically, an opening width (distance) between the
end 20c and the end 20d on the side of the outer periphery
20a is larger than the diameter of the fuse 5, and an
opening width (distance) between the end 20c and the end
20d on the side of the inner periphery 20b is a little
smaller than the diameter of the fuse 5. When the fuse
holder 20 is fitted to the fuse 5, the fuse 5 is first
inserted into the opening 22. The fuse 5 is then guided to
the side of the inner periphery 20b by the two tapered-
shaped ends 20c and 20d. The fuse 5 is inserted (pressed)
into the opening 21, when the fuse holder 20 is pressed
into the side of the axial center 25 while being twisted in
the thickness direction. In other words, according to the
present embodiment, because the two ends 20c and 20d each
have a tapered-shape, it is possible to more easily reduce
the labor of fitting the fuse holder 20 to the fuse 5.
Also, when the fuse holder 20 is once fitted to the fuse 5,

it hardly comes off as long as it is not twisted.



[0018] In the present embodiment, for example, as
illustrated in FIG. 4, all the four corners 20f to 20i of
the fuse holder 20 are chamfered. According to the present
empbodiment, because the two corners 20f and 20h on the side
of the inner periphery 20b are chamfered, it is possible to
more easily insert the fuse 5 into the opening 21. Also,
the two corners 20g and 201 on the side of the outer
periphery 20a are chamfered so as to align along the same
plane. Thus, it is possible to place the fuse 5 (refer to
FIG. 3) fitted with the fuse holder 20 on a placing face
(not illustrated) more stably during the installation
operation, the maintenance and inspection operation, the
replacement operation, and the like. It is also possible
to provide a rounded corner (corner R) to each of the
corners 20f to 20i.

[0019] In the present embodiment, for example, as
illustrated in FIGS. 2 and 5, in the state that the fuse
holder 20 is interposed between the discharge tube 4 and
the fuse 5, the opening 22 is positioned above the opening
21. In other words, the fuse holder 20 is fitted to the
fuse 5 in such a state that the opening 22 is directed
upward. If the fuse holder 20 is fitted in such a state
that the opening 22 is directed downward, there is a
possibility that the fuse 5 is apt to come off from the
fuse holder 20, because the fuse holder 20 supports the
upper side of the fuse 5. 1In this point, according to the
present embodiment, because the fuse holder 20 can support
the lower side of the fuse 5, it is possible to more easily
prevent the fuse 5 from coming off from the fuse holder 20.
[0020] The fuse holder 20, for example, may be made of a
synthetic resin material (an elastic material and an
elastic body such as glass epoxy) that is excellent in

ozone resistance and has elasticity. The fuse holder 20,
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for example, is formed substantially in a C shape as well
as in a plate shape (thin plate shape), by metallic molding,
cut processing, and the like. According to the present
embodiment, because the fuse holder 20 is formed in a C-
shaped plate, the strength and rigidity of the fuse holder
20 can be more easily obtained. Thus, for example, the
fuse holder 20 can support the fuse 5 by being more stably
interposed between the discharge tube 4 and the fuse 5.
Also, because the fuse holder 20 is formed of an elastic
body and has a notch (opening 22), the fuse holder 20 can
be more easily fitted to the fuse 5 by being twisted and
deformed elastically.

[0021] In this manner, in the present embodiment, for
example, the fuse holder 20 is provided with the opening 21
(first opening) to receive the fuse 5, and the opening 22
(second opening) that opens the opening 21 outwardly in the
radial direction of the axial center 25. The fuse holder
20 is also formed substantially in a C shape as well as in
a plate shape. Thus, according to the present embodiment,
for example, the outer periphery 20a of the fuse holder 20
can come into contact with the inner face 4g of the
discharge tube 4 with a larger area than that of the
conventional configuration. Hence, according to the
present embodiment, for example, it is possible to more
easily prevent the fuse 5 from coming loose, and the fuse
holder 20 can more easily support the fuse 5. According to
the present embodiment, for example, because it is possible
to prevent the fuse 5 from coming loose, the operation of
connecting the conductor 35 to the fuse 5 can be performed
more easily, more smcothly, or more accurately.

[0022] In the present embodiment, for example, the fuse
holder 20 is fitted to the fuse 5 in such a state that the

opening 22 (second opening) is positioned above the opening
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21 (first opening). Thus, according to the present
embodiment, for example, the fuse holder 20 can support the
lower side of the fuse 5 that extends substantially in the
horizontal direction. Hence, for example, compared to the
configuration in which the fuse holder 20 supports the
upper side of the fuse 5, it is possible to more easily
prevent the fuse 5 from coming off from the fuse holder 20.
In other words, it is possible to support the fuse 5
further more stably.

[0023] In the present embodiment, for example, the
corners 20f and 20h of the inner periphery 20b of the fuse
holder 20 are chamfered. Thus, according to the present
embodiment, for example, the fuse 5 can be more easily
installed (inserted) into the opening 21. Consequently,
for example, it is possible to more easily reduce the labor
of fitting the fuse holder 20 to the fuse 5.

[0024] In the present embodiment, for example, the
corners 20g and 20i of the outer periphery 20a of the fuse
holder 20 are chamfered. Thus, according to the present
embodiment, for example, the end faces of the corners 20g
and 201 can be placed on a placing face more stably, in
such a state that the fuse holder 20 is fitted to the fuse
5. Also, for example, it is possible to more easily
prevent the fuse 5 placed on the placing face from rolling.
Hence, for example, the operation of fitting the fuse 5 and
the fuse holder 20 to the discharge tube 4 can be performed
more easily, more smoothly, or more accurately.

[0025] In the present embodiment, for example, the ends
20c and 20d of the fuse holder 20 each have a tapered shape
spreading from the inner periphery 20b toward the outer
periphery 20a. Thus, according to the present embodiment,
for example, it is possible to more easily reduce the labor

of fitting the fuse holder 20 to the fuse 5, compared to
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that of the configuration in which the ends 20c and 20d of
the fuse holder 20 are provided in parallel with each other.
[0026] While the embodiment of the present invention has
been described, the above-described embodiment is merely an
example, and 1s not intended to limit the scope of the
invention. The above-described embodiment may be
implemented in various other forms, and various omissions,
replacements, combinations, and modifications may be made
without departing from the scope and spirit of the
invention. The above-described embodiment is included in
the scope and spirit of the invention and is included in
the invention described in the claims and their equivalents.
The specifications of each component (structure, type,
direction, shape, size, length, width, thickness, height,
number, arrangement, position, material, and the like) can

be suitably modified.
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CLAIMS

1. An ozone generation device, comprising:

a first electrode unit provided on an inner face of a
discharge tube having a cylindrical shape;

a second electrode unit provided outside the discharge
tube at an interval, the second electrode facing the first
electrode unit;

a fuse comprising an outer face, a diameter of the
outer face is smaller than a diameter of the inner face,
the fuse having a cylindrical shape, at least a part of the
outer face being positioned inside the discharge tube; and

a fuse holder formed substantially in a C shape as
well as in a plate shape, the fuse holder being interposed
between the discharge tube and the fuse, the fuse holder
comprising the outer periphery and an inner periphery and
being provided with a first opening and a second opening,
the outer periphery extending in an arc along the inner
face to come into contact with the inner face, the inner
periphery extending in an arc along the outer face to come
into contact with the outer face, the first opening being
positioned on a side of an axial center of the inner
periphery to receive the fuse, the second opening opening
the first opening outwardly in a radial direction of the

axial center.

2. The ozone generation device according to claim 1,
wherein

the fuse holder has four corners that face the second
opening, and

at least two of the four corners at the inner

periphery are chamfered.
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3. The ozone generation device according to claim 2,
wherein

two corners at the outer periphery are also chamfered
and end faces of the two corners on the outer periphery are

mutually aligned along the same plane.

4. The ozone generation device according to any one of
claims 1 to 3, wherein

the discharge tube and the fuse are provided in a
posture extending substantially in a horizontal direction,
and

the fuse holder is fitted to the fuse in a state that

the second opening is positioned above the first opening.

5. A fuse holder, comprising:

an outer periphery that extends in an arc along an
inner face of a discharge tube to come into contact with
the inner face; and

an inner periphery that extends in an arc along an
outer face of a fuse to come into contact with the outer
face, wherein

the fuse holder 1is formed substantially in a C shape
as well as in a plate shape and is provided with a first
opening positioned on a side of an axial center of the
inner periphery to receive the fuse and a second opening
that opens the first opening outwardly in a radial

direction of the axial center.



