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(57) ABSTRACT

A filter element having a substantially cylindrical shape i1s
provided 1nside a filter case that 1s provided with a plurality
of opening portions 1n a side surface and has a bottomed
substantially cylindrical shape. A fluid flows into a hollow
portion of the filter element from an inflow portion provided
between a bottom surface of the filter case and the filter
clement 1n a height direction. Further, an inner tube provided
inside a filtration material having a substantially cylindrical
shape includes a first region that 1s formed with an opening
portion substantially on the entire surface and a second
region that 1s not formed with an opening portion. The
second region 1s provided below the first region to include
a lower end of the inner tube.
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FILTER DEVICE AND FILTRATION DEVICE

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application 1s a continuation application of
International Patent Application No. PCT/JP2018/003798

filed on Feb. 5, 2018, which claims priority to Japanese
Patent Application No. 2017-0244779 filed on Feb. 13, 2017,

the entire contents of which are incorporated by reference.

TECHNICAL FIELD

[0002] The present invention relates to a filter device and
a filtration device.

BACKGROUND ART

[0003] Patent Document 1 discloses a filtration device
including a first filtration unit that includes a cylindrical
filtration material and filtrates liquid to be filtrated by
passing the liquid to be filtrated from the inside to the
outside, and a second filtration unit that further filtrates the
liquid that has passed through the first filtration unit. In the
filtration device, the first filtration unit and the second
filtration unit are disposed 1n a tank in posture to overlap
cach other 1n a state the second filtration unit abutting one
end of the first filtration unit. This makes 1t possible to
reduce the size of the tank and improve a degree of freedom
of the design, and to simplify a structure of the tank.

CITATION LIST

Patent Document

[0004] Patent Document 1: JP 2008-290004 A

[0005] However, 1n the invention described in Patent
Document 1, liquid flows from a position higher than a
liquid surface to the first filtration unit, and thus there 1s a
risk that the incoming liquid may cause liquid stored inside
the first filtration unit to foam. Further, in the invention
described 1n Patent Document 1, there 1s a risk that foam
included 1n the stored liquid may flow into the second
filtration unit together with the liquad.

[0006] When air passes through the filtration device
together with the liquid, there 1s a risk that a malfunction
may occur 1 a pump due to suction of air by the pump, or
damage and the like may occur 1n a component due to
temporarily extremely high temperature and pressure of
hydraulic o1l caused by air bubbles being ruptured and the
like 1n a hydraulic circuit.

[0007] Further, 1n the imnvention described in Patent Docu-
ment 1, there 1s a risk that dust trapped by the filtration may
fall into the tank when a filter element 1s replaced.

SUMMARY OF INVENTION

[0008] One or more embodiments of the present invention
are directed to a filter device and a filtration device capable
of preventing air bubbles from flowing out of a tank together
with liqud during filtration, and preventing dust and the like
trapped by the filtration from falling into the tank when a
filter element 1s replaced.

[0009] A filter device according to one or more embodi-
ments of the present invention 1s a filter device that includes,
for example, a first filtration unit provided to protrude from
an upper surface of a tank toward the 1nside of the tank, and
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a second filtration unit provided below the first filtration unit
to overlap the first filtration unit 1n a plan view and having
a substantially cylindrical shape. The first filtration unit
includes a filter case that 1s provided with a plurality of
opening portions in a side surface and has a bottomed
substantially cylindrical shape, a lid member that covers an
opening end of an upper portion of the filter case, a filter
clement that 1s provided inside the filter case and has a
substantially cylindrical shape, and an intflow portion that 1s
configured to allow a fluid to flow into a hollow portion of
the filter element and 1s provided between a bottom surface
of the filter case and the filter element 1n a height direction.
The Iid member 1s detachably provided on the filter case.
The filter element 1s detachably provided on the filter case
via the opening end. The filter element 1ncludes a filtration
material that has a substantially cylindrical shape, and an
inner tube that has substantially the same height as that of
the filtration material, 1s provided 1nside the filtration mate-
rial, and has a substantially cylindrical shape. The inner tube
includes a first region that 1s formed with an opening portion
substantially on the entire surface and a second region that
1s not formed with the opening portion. The second region
1s provided below the first region to include a lower end of
the 1nner tube.

[0010] According to the filter device according to one or
more embodiments of the present invention, the filter ele-
ment having the substantially cylindrical shape 1s provided
inside the filter case that 1s provided with the plurality of
opening portions in the side surface and has the bottomed
substantially cylindrical shape. The fluid flows into the
hollow portion of the filter element from the inflow portion
provided between the bottom surface of the filter case and
the filter element 1n the height direction. In this way, air
bubbles can be prevented from flowing out of the tank
together with liquid. Further, the inner tube provided inside
the filtration material having the substantially cylindrical
shape includes the first region that 1s formed with the
opening portion substantially on the entire surface and the
second region that 1s not formed with the opeming portion.
The second region 1s provided below the first region to
include the lower end of the inner tube. In this way, when the
filter element 1s replaced, dust and the like trapped between
the mner tube and the filtration material can be prevented
from falling into the tank.

[0011] Here, the second region may be substantially
greater than or equal to %4 of the entire height of the inner
tube. In this way, the dust can be reliably trapped between
the 1nner tube and the filtration material.

[0012] A filtration device according to one or more
embodiments of the present invention includes, for example,
a tank, and a filter device including a first filtration unit
provided to protrude from an upper surface of the tank
toward the inside of the tank, and a second filtration unit
provided below the first filtration unit to overlap the first
filtration unit 1 a plan view and having a substantially
cylindrical shape. The first filtration unit includes a filter
case that 1s provided with a plurality of opening portions in
a side surface and has a bottomed substantially cylindrical
shape, a I1d member that covers an opening end of an upper
portion of the filter case, a filter element that 1s provided
inside the filter case and has a substantially cylindrical
shape, and an inflow portion that 1s configured to allow a
fluid to tlow 1nto a hollow portion of the filter element and
1s provided between a bottom surface of the filter case and



US 2019/0321758 Al

the filter element 1n a height direction. The lid member 1s
detachably provided on the filter case. The filter element 1s
detachably provided on the filter case via the opening end.
The filter element includes a filtration material that has a
substantially cylindrical shape, and an inner tube that has
substantially the same height as that of the filtration material,
1s provided 1inside the filtration material, and has a substan-
tially cylindrical shape. The inner tube includes a first region
that 1s formed with an opening portion (e.g., openings)
substantially on the entire surface and a second region that
1s not formed with the opening portion. The second region
1s provided below the first region to include a lower end of
the inner tube. In this way, air bubbles can be prevented from
flowing out of a tank together with liquud during filtration,
and dust and the like trapped by the filtration can be
prevented from falling into the tank when a filter element 1s
replaced.

[0013] According to one or more embodiments of the
present invention, air bubbles can be prevented from flowing
out of the tank together with liquid during filtration, and dust
and the like trapped by the filtration can be prevented from
talling 1nto the tank when the filter element 1s replaced.

BRIEF DESCRIPTION OF DRAWINGS

[0014] FIG. 1 1s a diagram 1illustrating an overview of a
hydraulic o1l tank 100 provided, inside the hydraulic o1l tank
100, with a filter device 1 according to an embodiment of the
present mvention.

[0015] FIG. 2 1s a cross-sectional view illustrating an
overview of the filter device 1.

[0016] FIG. 3 1s a perspective view 1llustrating an over-
view of the filter device 1 when cut along a center line.

DESCRIPTION OF EMBODIMENTS

[0017] Below, detailed description of embodiments of the
present mnvention will be given with reference to drawings.
Heremnatter, hydraulic o1l 1s described as an example of a
fluid, but the present invention 1s applicable to various fluids
other than the hydraulic oil.

[0018] FIG. 1 1s a diagram 1illustrating an overview of a
hydraulic o1l tank 100 provided, inside the hydraulic o1l tank
100, with a filter device 1 according to an embodiment of the
present invention. In FIG. 1, main parts of the hydraulic o1l
tank 100 are illustrated 1n a perspective view, and some parts
are 1illustrated 1n a cross-sectional view (however, hatching
indicating a cross section 1s omitted).

[0019] The hydraulic o1l tank 100 1s installed 1n a work

machine (a hydraulic device, for example, not illustrated),
and 1s provided inside a hydraulic circuit of hydraulic oil
supplied to the hydraulic device and 1s configured to store
the hydraulic oil. In the hydraulic circuit, the hydraulic o1l
passes through the hydraulic device and 1s introduced into

the hydraulic o1l tank 100.

[0020] The hydraulic o1l tank 100 includes a tank main

body 101 having a box shape, for example, and this tank
main body 101 has a cavity inside. The tank main body 101
primarily includes the filter device 1 therein.

[0021] A hole 10156 mto which the filter device 1 1s
inserted 1s formed 1n an upper surface 101a of the tank main

body 101. The filter device 1 1s fixed to the tank main body
101 by providing a lid member 14 and the like (described
later 1n detail) of the filter device 1 on an upper surface of
the upper surface 101a.
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[0022] Next, the filter device 1 will be described. The filter
device 1 primarily includes a first filtration unit 10, a second
filtration unit 20, and a third unit 30. The first filtration unit
10 and the third unit 30 have a bottomed substantially
cylindrical shape, and the second filtration unit 20 has a
substantially cylindrical shape.

[0023] The second filtration unit 20 and the third unit 30
are provided below the first filtration unit 10 to overlap the
first filtration umit 10 1n a plan view (when viewed from a
z-direction). The second filtration unit 20 1s provided near a
bottom surface 101¢ of the tank main body 101. The third
unit 30 1s provided between the first filtration unit 10 and the
second filtration unit 20.

[0024] The first filtration unit 10, the second filtration unit
20, and the third unit 30 have substantially the same orien-
tation for a central axis. In the present embodiment, the
central axes of the first filtration unit 10, the second filtration
unit 20, and the third unit 30 substantially match, but these
may not substantially match.

[0025] FIG. 2 1s a cross-sectional view illustrating an
overview of the filter device 1. FIG. 3 1s a perspective view
illustrating an overview of the filter device 1, and 1s a
diagram 1illustrating a state where the filter device 1 1s cut
along a center line. In FIGS. 2 and 3, hatching indicating a
cross section 1s omitted.

[0026] The first filtration unit 10 1ncludes a filter element
11, a filter case 12, a 1i1d member 14, an intlow pipe 15, and
a valve 16.

[0027] The filter element 11 1s a member having a sub-
stantially cylindrical shape as a whole and 1s provided inside
the filter case 12. The filter element 11 primarily includes an

inner tube 111, a filtration material 112, and plates 113 and
114.

[0028] The filtration material 112 1s configured to filtrate
the hydraulic o1l, and has a substantially cylindrical shape
with a thickness 1n a radial direction. The filtration material
112 1s formed by pleating a filter paper formed of a synthetic
resin, paper, or the like, and connecting both ends of the
pleated filter paper to roll into a cylindrical shape.

[0029] The inner tube 111 1s a substantially cylindrical
member made of metal and 1s provided inside the filtration
material 112. The height of the inner tube 111 1s substantially
the same as the height of the filtration material 112.

[0030] The mner tube 111 includes a first region Al 1n
which an opening portion 111a through which the hydraulic
o1l passes 1s formed on substantially the entire surface, and
a second region A2 1n which the opening portion 111a 1s not
formed. The second region A2 1s provided below the first
region Al to include a lower end of the inner tube 111.

[0031] In the present embodiment, the second region A2 1s
substantially %4 of the entire height of the inner tube 111, but
the height of the second region A2 i1s not limited to this.
However, 1n order to prevent dust and the like from leaking
out, the second region A2 1s preferably substantially greater
than or equal to %4 of the entire height of the inner tube 111.
Further, the second region A2 1s preferably less than or equal
to 13 to half of the height of the first region A1 not to impede
a flow of the hydraulic oil.

[0032] The plate 113 1s provided on lower ends and the
plate 114 1s provided on upper ends of the inner tube 111 and
the filtration material 112. The plate 113 and the plate 114
are members having a substantially circular plate shape or a
bottomed substantially cylindrical shape, and are formed by
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using a resin or a metal. The plate 113 and the plate 114
respectively have opening portions 113a and 114a formed
substantially at the center.

[0033] The filter case 12 1s a member having a bottomed
substantially cylindrical shape as a whole, and 1s formed of
a metal. The filter case 12 primarily includes a first case 121,
a second case 122, and mounting members 123 and 124. The
second case 122 i1s integrally formed above the first case
121.

[0034] The first case 121 1s a bottomed substantially
cylindrical member, and the valve 16 1s provided on a
bottom surface 12a. The valve 16 opens and closes in
response to a diflerence between the pressure inside the first
case 121 (space S1) and the pressure inside the tank main
body 101 (space S2, see FIG. 1).

[0035] An opening 12¢ in which the inflow pipe 15 1s
provided 1s formed 1n a side surface 1256 of the first case 121.
The inflow pipe 15 1s provided between the bottom surface
12a and the filter element 11 1n a height direction (z-direc-
tion). The inflow pipe 15 penetrates a side surface 101e of
the tank main body 101 (see FIG. 1), and communicates with
the inside of the filter case 12 and the outside of the tank
main body 101. The hydraulic o1l flowing 1n from the inflow
pipe 15 passes through the inside of the first case 121 and 1s
guided 1nto a hollow portion of the filter element 11, 1n the
space S1.

[0036] The second case 122 1s a substantially cylindrical
member with the filter element 11 provided therein.

[0037] Aplurality of holes 12e are formed 1n a side surface
12d of the second case 122. A wire mesh (not illustrated)
formed by weaving a metal wire rod 1s provided 1n the hole
12e. The hydraulic o1l that has passed through the filtration
material 112 passes through gaps of the wire mesh in the
hole 12e. The gaps of the wire mesh in the hole 12¢
correspond to a plurality of opening portions.

[0038] The mounting member 123 1s provided on a lower
end surface of the second case 122. The mounting member
123 includes a bottom surface portion 123a having a sub-
stantially disk shape, and a cylindrical portion 1235 that
protrudes upward along an inner peripheral surface of the
bottom surface portion 123a. The filter element 11 (here, a
lower surface of the plate 113) 1s placed on the bottom
surface portion 123a. The cylindrical portion 12356 1s
inserted into the opening portion 113a. In this way, the 1inside
of the first case 121 and the hollow portion of the filter
clement 11 communicate with each other.

[0039] The mounting member 124 1s provided near an
upper end of the side surface 124. The lid member 14 1s
mounted on the upper surface 101a via the mounting mem-
ber 124. Note that the mounting member 124 1s not neces-
sarily required.

[0040] The lid member 14 1s a substantially plate-like
member that covers an opening end of an upper portion of
the filter case 12. The lid member 14 1s detachably provided
on the filter case 12.

[0041] The Iid member 14 includes a first lid 141 and a
second lid 142. The first id 141 has a substantially disk
shape, and 1ncludes a hollow portion 141a formed substan-
tially at the center. Protruding portions 142a and 1425 that
have a substantially columnar shape and protrude downward
are formed substantially at the center of the second lid 142.
The protruding portion 142a 1s inserted into the hollow
portion 141a. The protruding portion 1425 1s inserted into
the opening portion 114a.
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[0042] When the lid member 14 (here, the second lid 142)
1s removed from the filter case 12, the filter element 11 can
be withdrawn from the opening end of the upper portion of
the filter case 12. When the 1id member 14 1s mounted on the
filter case 12, the filter element 11 1s provided inside the
second case 122 by being sandwiched by the second lid 142
and the mounting member 123.

[0043] Note that, 1n the present embodiment, the 11d mem-
ber 14 includes the first Iid 141 having substantially a disk
shape and the second lid 142, but a manner of the hid
member 14 1s not limited to this. For example, the lid
member 14 may be one component.

[0044] The second filtration unmit 20 1s, for example, a
suction strainer for preventing an entry of foreign substances
into the hydraulic pump. The second filtration umt 20
primarily includes a main body portion 21 having a sub-
stantially cylindrical shape made of metal, and a filtration
material 22 provided outside the main body portion 21.
[0045] The main body portion 21 1s a substantially cylin-
drical member made of metal, and a plurality of holes 21a
are formed in a side surface. The filtration material 22 is
formed by pleating a wire mesh formed by weaving a metal
wire rod, and connecting both ends of the pleated wire mesh
to roll into a cylindrical shape.

[0046] An outflow portion 1014 1s formed on the bottom
surface 101¢ of the tank main body 101 (see FIG. 2). The
outflow portion 1014 1s formed to protrude from the bottom
surtace 101 ¢ into the tank main body 101 and 1s 1nserted 1nto
the main body portion 21. A sealing member 23 (for
example, an O-ring) 1s provided between the outtlow portion
1014 and the main body portion 21 such that liquid filtrated
by the second filtration unit 20 does not leak into the tank
main body 101.

[0047] Note that, in the present embodiment, the outflow
portion 1014 inserted mto the main body portion 21 1s
formed on the bottom surface 101c, but a position of the
outflow portion 1014 1s not limited to this. For example, a
substantially L-shaped outtlow portion may be formed near
a lower end portion of the side surface 101e, and a tip thereof
may be inserted into the main body portion 21.

[0048] The third unit 30 1s a bottomed substantially cylin-
drical member made of metal, and 1s provided below the
bottom surface 12a of the first case 121. The third unit 30
connects the first filtration unit 10 and the second filtration
unit 20. In the present embodiment, the third unit 30 and the
main body portion 21 are integrally formed, but the third
unit 30 and the main body portion 21 may be separate
components.

[0049] A plurality of holes 30a through which the hydrau-
lic o1l passes are formed 1n a side surface of the third unit 30.
As the valve 16 opens, fluid existing 1n the space S1 flows
into the space inside the third unit 30, then passes through
the holes 30a, and tflows into the space S2.

[0050] Next, a function of the filter device 1 configured as
described above will be described with reterence to FIGS. 1
and 2. The arrows 1n FIGS. 1 and 2 indicate the flow of the

hydraulic o1l.

[0051] The hydraulic o1l flows through the hydraulic cir-

cuit during operation of the hydraulic device. As 1llustrated
in FIG. 2, the hydraulic o1l flows into the space S1 via the
inflow pipe 15 and the opening 12¢. The hydraulic o1l 1s
filtrated by flowing from the 1nside to the outside of the filter
clement 11. The hydraulic o1l after the filtration flows out of
the plurality of opening portions formed 1n the side surface
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12d (here, the gaps of the wire mesh provided 1n the hole
12¢) 1nto the space S2 (see FIG. 1). In this way, the hydraulic
o1l 1s filtrated by the first filtration unit 10 and 1s stored 1n the
hydraulic o1l tank 100.

[0052] Inthe present embodiment, as illustrated in FIG. 1,
the inflow pipe 15 1s provided between the bottom surface
12a of the filter case 12 and the filter element 11 1n the height
direction. Therefore, a position of the intlow pipe 15 1s lower
than an o1l surface L, and the o1l surface L rises due to the
inflow of the hydraulic o1l from the inflow pipe 15 (see a
chain double-dashed line and a white arrow 1n FIG. 1).
[0053] As illustrated 1n FIG. 2, the opening portion 111a
through which the hydraulic o1l passes 1s formed only 1n the
first region Al. Therefore, no hydraulic o1l passes through
the filtration material 112 and the hole 12¢ unless the o1l
surface L 1s higher than the lower side of the first region Al.
Thus, at a stage when the o1l surface L rises, a position
(outflow position) in the height direction in which the
hydraulic o1l flows out through the hole 12e 1s 1n the vicinity
of the o1l surface L.

[0054] Since the wire mesh 1s provided in the hole 12e, the
hydraulic o1l can pass through the hole 12e, but air bubbles
can hardly pass therethrough, and particularly, large air
bubbles cannot pass through the hole 12e. Therefore, air
bubbles included 1n the hydraulic o1l rise to the o1l surface
L. on the 1nside of the side surface 12d, and then disappear.
Even 11 air bubbles are mixed 1n the hydraulic o1l flowing out
of the hole 12e, the air bubbles immediately rise to the oil
surface L. and disappear because the outflow position 1s 1n
the vicinity of the o1l surface L. In this way, air (air bubbles)
hardly flows into the vicinity of the bottom surface 101c¢ of
the tank main body 101.

[0055] When the o1l surface L 1s low, air 1s included 1n the
hollow portion of the filter element 11. This mnitial air 1s
discharged from the space S1 to the space S2 via the holes
12e¢ as the o1l surface L rises. Theretfore, the 1nitial air does
not mix with the liquid after filtration.

[0056] The hydraulic o1l stored in the space S2 (in the
hydraulic o1l tank 100) 1s filtrated by the second filtration
unit 20 and flows out of the outflow portion 101d. In this
way, the hydraulic o1l after filtration 1s supplied again to the
hydraulic device.

[0057] When the filtration 1s repeated, clogging of the
filtration material 112 occurs, and thus the filter element 11
1s replaced. The lid member 14 1s removed from the filter
case 12, and then the filter element 11 1s withdrawn upward.
As a result, the filter element 11 1s withdrawn from the
opening end of the upper portion of the filter case 12.

[0058] Since the mner tube 111 includes the second region
A2 1n which the opening portion 111a 1s not formed, dust
and residual o1l removed by the filtration material 112
accumulates between the inner tube 111 (second region A2)
and the filtration material 112 and does not leak out of the
filter element 11. Therefore, when the filter element 11 1s
replaced, the dust and the residual o1l accumulated between
the inner tube 111 and the filtration material 112 can be
prevented from dripping into the second case 122.

[0059] Subsequently, a new filter element 11 after replace-
ment 1s inserted from the opening end of the upper portion
of the filter case 12, and the lid member 14 1s mounted on
the filter case 12, and then the new filter element 11 1s
provided inside the second case 122.

[0060] According to the present embodiment, the second
filtration unit 20 and the third unit 30 are provided below the
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first filtration unit 10 to overlap the first filtration unit 10 1n
a plan view, and thus the tank main body 101 can be reduced
in size. Further, the intflow pipe 15 1s provided between the
bottom surface 12a of the filter case 12 and the filter element
11 in the height direction, and thus air bubbles are released
in the vicinity of the o1l surface L. In this way, the air
bubbles can be prevented from flowing out of the hydraulic
o1l tank 100 together with the hydraulic oil.

[0061] Further, according to the present embodiment, the
opening portion 111a 1s not formed below the inner tube
(second region A2), and thus, when the filter element 11 1s
replaced, the dust and the residual o1l accumulated between
the mnner tube 111 and the filter medium 112 can be pre-
vented from dripping into the second case 122.

[0062] Note that, in the present embodiment, the plurality
of holes 12¢ are formed 1n the side surface 124, and the wire
mesh (not illustrated) 1s provided inside the hole 12e, and
thus the plurality of opening portions are formed 1n the side
surface of the second case 122. However, a manner of the
plurality of opening portions 1s not limited to this. For
example, the plurality of opening portions may be formed 1n
the side surface of the second case 122 by forming the entire
side surface 124 with a wire mesh.

[0063] Further, in the present embodiment, the second
filtration unit 20 and the third unit 30 are provided below the
first filtration unit 10, but the second filtration unit 20 and the
third unit 30 are not necessarily required. However, in order
to reduce the size of the tank 101 and to make 1t difficult for
air bubbles to flow into the second filtration unit 20, the
second filtration umt 20 1s preferably provided below the
first filtration umt 10.

[0064] Embodiments of the invention have been described
in detail with reference to the drawings. However, specific
configurations are not limited to the embodiments, and
changes 1n the design or the like are also included within a
scope which does not depart from the gist of the invention.
For example, the above examples have been explained 1n
detail 1n order to facilitate understanding of the present
invention and are not necessarily limited to examples pro-
vided with the entirety of the configuration described above.
In addition, the configuration of an embodiment may be
partially replaced with the configuration of a diflerent
embodiment, or the configuration of the different embodi-
ment may be added to, deleted from, or replaced with the
configuration of the embodiment.

[0065] Further, the term “substantially” 1n the present
invention 1s not to be understood as merely being strictly the
same, and 1s a concept that includes variations and modifi-
cations to an extent that does not result 1n loss 1n 1dentity. For
example, the term “substantially orthogonal” 1s not limited
to being strictly orthogonal, and 1s a concept that includes
errors of several degrees, for example. Further, simple
expressions such as orthogonal, parallel, and identical are
not to be understood as merely being strictly orthogonal,
parallel, 1dentical, and the like, and include being substan-
tially parallel, substantially orthogonal, substantially 1denti-
cal, and the like.

[0066] Furthermore, the meaning of the term “vicimity” 1n
the present invention 1includes a range of regions (which can
be determined as desired) near a position serving as a
reference. For example, the term ““a vicinity of an end” refers
to a range of regions near the end, and 1s a concept indicating
that the end may or may not be included.
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REFERENCE SIGNS LIST

[0067] 1 Filter device

[0068] 10 First filtration unait
[0069] 11 Filter element

[0070] 12 Filter case

[0071] 12a Bottom surface
[0072] 12/ Side surface

[0073] 12¢ Opening

[0074] 12d Side surface

[0075] 12e Hole

[0076] 13 Mounting member
[0077] 14 Lid member

[0078] 15 Intlow pipe

[0079] 16 Valve

[0080] 20 Second filtration unait
[0081] 21 Main body portion
[0082] 21a Hole

[0083] 22 Filtration material
[0084] 23 Sealing member
[0085] 30 Third unit

[0086] 30a Hole

[0087] 100 Hydraulic o1l tank
[0088] 101 Tank main body
[0089] 101a Upper surface
[0090] 1015 Hole

[0091] 101c¢ Bottom surface
[0092] 1014 Outtlow portion
[0093] 101e Side surface
[0094] 111 Inner tube

[0095] 111a: Opening portion
[0096] 112 Filtration material
[0097] 113, 114 Plate

[0098] 113a, 114a Opening portion
[0099] 121 First case

[0100] 122 Second case

[0101] 123 Mounting member
[0102] 123a Bottom surface portion
[0103] 12356 Cylindrical portion
[0104] 124 Mounting member
[0105] 141 First lid

[0106] 141a Hollow portion
[0107] 142 Second lid

[0108] 142a, 142) Protruding portion

1. A filter device, comprising:

a first filtration unit that protrudes from an upper surface
of a tank toward the inside of the tank; and

a second filtration unit provided below the first filtration
unit to overlap the first filtration unit 1n a plan view and
having a substantially cylindrical shape,

wherein the first filtration unit includes:

a filter case that 1s provided with a plurality of opening
portions 1n a side surface and has a bottomed substan-
tially cylindrical shape;

a lid member that covers an opening end of an upper
portion of the filter case;

a filter element that 1s provided 1nside the filter case and
has a substantially cylindrical shape; and

an inflow portion that 1s configured to allow a fluid to flow
into a hollow portion of the filter element and 1s
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provided between a bottom surface of the filter case and
the filter element 1n a height direction, and

wherein:

the lid member 1s detachably provided on the filter case;

the filter element 1s detachably provided on the filter case
via the opening end;
the filter element 1ncludes a filtration material that has a

substantially cylindrical shape, and an inner tube that
has substantially the same height as that of the filtration

material, 1s provided inside the filtration material, and
has a substantially cylindrical shape;

the inner tube includes a first region on which openings
are formed substantially entirely such that the fluid 1s
allowed to pass through a side wall of the inner tube,
and a second region on which substantially no openings
are formed; and

the second region 1s provided below the first region to
include a lower end of the inner tube.

2. The filter device according to claim 1, wherein

the second region 1s substantially greater than or equal to
/4 of the entire height of the inner tube.

3. A filtration device, comprising:

a tank; and

a filter device including a first filtration umit that protrudes
from an upper surface of the tank toward the inside of
the tank, and a second filtration unit provided below the
first filtration unit to overlap the first filtration unit 1n a
plan view and having a substantially cylindrical shape,

wherein:

the first filtration unit includes

a filter case that 1s provided with a plurality of opening
portions 1n a side surface and has a bottomed substan-
tially cylindrical shape;

a lid member that covers an opening end of an upper
portion of the filter case;

a filter element that 1s provided inside the filter case and
has a substantially cylindrical shape; and

an intlow portion that 1s configured to allow a fluid to flow
into a hollow portion of the filter element and 1is
provided between a bottom surface of the filter case and
the filter element 1n a height direction, and

wherein:

the Iid member 1s detachably provided on the filter case;

the filter element 1s detachably provided on the filter case
via the opening end;

the filter element includes a filtration material that has a
substantially cylindrical shape, and an inner tube that
has substantially the same height as that of the filtration
material, 1s provided inside the filtration material, and
has a substantially cylindrical shape;

the iner tube includes a first region on which openings
are formed substantially entirely such that the fluid 1s
allowed to pass through a side wall of the 1nner tube,
and a second region on which substantially no openings
are formed; and

the second region 1s provided below the first region to
include a lower end of the inner tube.
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