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DESCRIPTTION

Filtration Device

Technical Field

The present invention described herein relate
generally to a filtration device for purifying a liquid
containing shavings, fine particles, etc., such as a
coolant used for, for example, a machine tool.

Background Art

In machine tools which perform mechanical
processing such as cutting or grinding, a coolant is
supplied to a workpiece or a tool. Shavings, fine
particles and the like are mixed in the used coolant.
To purify and reuse such a coolant, various filtration
devices have been conventionally suggested. For
example, each of the filtration devices disclosed in
the following Patent Literatures 1 and 2 comprises a
filter tank, a conveyer for carrying out sludge, a mesh
drum which functions as a filter, etc. The coolant
purified by each filtration device is supplied to a
machine tool, and is used to cool a workpiece or tool
or wash the inside of the machine tool.
Citation List
Patent Literature

Patent Literature 1: JP 2904334 B

Patent Literature 2: JP 3389126 B

Summary of Invention

Technical Problem

To jet a coolant through a narrow channel formed
in a tool, etc., the coolant needs to be supplied to
the channel by a high-pressure pump. However, the
narrow channel is easily clogged with foreign
substances such as particles. When a filter is

provided in the pump to prevent clogging, the structure
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of the pump becomes complicated, and the filter needs
to be regularly changed. The used filter has to be
processed as industrial waste. Thus, the cost is high.
In conventional filtration devices, the unclean coolant
discharged from a machine tool is supplied to and
stored in a filter tank. Thus, it is impossible to
avoid the storage of sludge in the filter tank. The
inside of the tank needs to be frequently cleaned. The
conventional filtration devices require great care.

The object of the present invention is to provide
a filtration device which has high filtration accuracy,
does not require the cleaning of a tank and is capable
of supplying a clean liquid obtained by primary
filtration and a super clean liquid obtained by
secondary filtration to a low-pressure-side supply
system or high-pressure-side supply system of a machine
tool, etc., depending on the need.

Solution to Problem

According to one embodiment, a filtration device
comprises a primary conveyer tank, a primary drum
filter, a secondary conveyer tank, a secondary drum
filter, a driver, a first clean tank, a first pump, a
second clean tank and a second pump.

The primary conveyer tank comprises a first
conveyer. A liquid to be filtered is supplied to the
primary conveyer tank. The primary drum filter is
provided in a liquid of the primary conveyer tank, and
is rotated by a chain of the first conveyer. The
primary drum filter comprises a primary flow hole for
filtering the liquid in the primary conveyer tank.

The secondary conveyer tank is adjacent to the
primary conveyer tank. The secondary conveyer tank
comprises a second conveyer. The secondary conveyer
tank communicates with inside of the primary drum

filter via a first opening formed between the secondary
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conveyer tank and the primary conveyer tank. A clean
liquid obtained by first filtration by the primary drum
filter flows into the secondary conveyer tank. The
secondary drum filter is provided in the clean liquid
in the secondary conveyer tank, and is rotated by a
chain of the second conveyer. The secondary drum
filter comprises a secondary flow hole for further
filtering the clean liquid in the secondary conveyer
tank. The driver drives the first conveyer and the
second conveyer.

The first clean tank communicates with the
secondary conveyer tank. The ciean liquid in the
secondary conveyer tank flows into the first clean
tank. The first pump supplies the clean liquid in the
first clean tank to a first liquid use portion. The
second clean tank is adjacent to the secondary conveyer
tank. The second clean tank communicates with inside
of the secondary drum filter via a second opening
formed between the second clean tank and the secondary
conveyer tank. A super clean liquid obtained by
secondary filtration by the secondary drum filter flows
into the second clean tank. The second pump supplies
the super clean liquid in the second clean tank to a
second liquid use portion.

An example of the first pump is a low-pressure
pump for supplying the clean liquid to the liquid use
portion on the low-pressure side. An example of the
liquid use portion on the low-pressure side is the
shower coolant jet portion of a machine tocl. An
example of the second pump is a high-pressure pump for
supplying the super clean liquid to the liquid use
portion on the high-pressure side at a pressure higher
than the pressure of the first pump. An example of the
liquid use portion on the high-pressure side is the

through-spindle coolant jet portion of a machine tool.
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Advantageous Effects of Invention

According to the filtration device of the present
invention, the clean liquid obtained by the primary
filtration by the primary drum filter can be supplied
to the low-pressure-side supply system of a machine
tool, etc. The super clean liquid obtained by the
filtration with higher accuracy by the secondary drum
filter can be supplied to the high-pressure-side supply
system. The filtering accuracy is high, and there is
no need to frequently clean the tank. Thus, the
maintenance is easy.

Brief Description of Drawings

FIG. 1 is a perspective view schematically showing
a filtration device according to one embodiment.

FIG. 2 is a plan view of the filtration device
shown in FIG. 1. '

FIG. 3 is a cross-sectional view of the filtration
device along the line F3-F3 of FIG. 2.

FIG. 4 is a cross-sectional view of the filtration
device along the line F4-F4 of FIG. 3.

FIG. 5 is a perspective view showing a part of the
filtration device.

Mode. for Carrying Out the Invention

With reference to FIG. 1 to FIG. 5, this
specification hereinafter explains a filtration device
according to one embodiment of the present invention.

FIG. 1 schematically shows a machine tool 1 which
performs machine work such as cutting or grinding, and
a filtration device 10. An example of the machine tool
1 includes a low-pressure-side supply system 2 and a
high-pressure-side supply system 3. The low-pressure-
side supply system 2 supplies a liquid with a
relatively low pressure (for example, less than 1 MPa)
to a first liquid use portion la. The high-pressure-

side supply system 3 supplies a liquid with a
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relatively high pressure (for example, 1.5 to 3 MPa) to
a second liquid use portion 1b. The low-pressure-side
supply system 2 jets a liquid (for example, a shower
coolant) to a workpiece W or its vicinity.

On the other hand, the high-pressure-side supply
system 3 supplies a liquid (for example, a through-
spindle coolant) with high pressure to a narrow channel
formed in a tool T. Since the liquid with high
pressure flows in the channel having a small cross-
sectional area, the high-pressure-side supply system 3
needs to supply a liquid filtered with high accuracy.
Liquid Q1 discharged from the first liquid use portion
la and the second liquid use portion 1b contains
substances to be eliminated such as shavings and fine
particles. To filter liquid Q1, liquid Q1 is supplied
to the filtration device 10 via a return channel 4.

The filtration device 10 is explained below.

FIG. 1 shows the outline of the filtration device
10. FIG. 2 is a plan view of the filtration device 10.
FIG. 3 is a cross-sectional view along the line F3-F3
of FIG. 2. FIG. 4 is a cross-sectional view along the
line F4-F4 of FIG. 3. FIG. 5 is a perspective view
showing a part of the filtration device 10.

The filtration device 10 includes a primary
conveyer tank 11, a primary drum filter 30, a secondary
conveyer tank 40, a secondary drum filter 60, a driver
70, a first clean tank 80, a first pump 85, a second
clean tank 90, a second pump 95, etc.

The primary conveyer tank 11 comprises a liquid
inlet 12 and a sludge scraping portion 13. Liquid Q1
which should be filtered and is supplied from the
machine tool 1 is supplied to the primary conveyer tank
11 via the liquid inlet 12. The sludge scraping
portion 13 extend obliquely upward from an end portion

of the primary conveyer tank 11. A sludge discharge
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portion 14 is formed on the top.

A first conveyer 20 is provided in the primary
conveyer tank 11. The first conveyer 20 is provided in
a range from a bottom portion 1lla of the primary
conveyer tank 11 to the sludge discharge portion 14 via
the sludge scraping portion 13. The first conveyer 20
comprises a pair of chains 21 and 22, and a plurality
of scrapers 23 attached to the chains 21 and 22. The
chains 21 and 22 are wound around a pair of first drive
sprockets 25 and 26, and guide members 27 and 28.

Chain tensioners 29 for adjusting the tension of the
chains 21 and 22 are provided in the sludge scraping
portion 13.

A lower portion 20a of the first conveyer 20 moves
to the sludge discharge portion 14 along the bottom
portion 1la of the primary conveyer tank 11 and the
bottom surface of the sludge scraping portion 13. The
sludge on the bottom portion l1la of the primary
conveyer tank 11, such as shavings, is conveyed to the
sludge discharge portion 14 by the scrapers 23 of the
first conveyer 20. A collection box is provided under
the sludge discharge portion 14. The sludge conveyed
to the sludge discharge portion 14 falls to the
collection box.

The primary drum filter 30 is provided in the
primary conveyer tank 11. The primary drum filter 30
is completely immersed in liquid Q1. Sprockets 31 and
32 are provided at the both ends of the primary drum
filter 30. The sprockets 31 and 32 are engaged with
the chains 21 and 22 of an upper portion 20b of the
first conveyer 20. Thus, when the first conveyer 20
moves in the direction of arrow Al of FIG. 5, the
primary drum filter 30 rotates in the direction of
arrow A2. The number of primary drum filters 30 is not

limited to one. A plurality of primary drum filters 30
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may be provided based on the capacity of filtration.

For example, the primary drum filter 30 may be
obtained by shaping a stainless steel punching metal
having a thickness of 0.5 mm into a cylindrical form.
The primary drum filter 30 comprises a large number of
primary flow holes 35 (only partially shown in FIG. 2
and FIG. 4). The diameter of the primary drum filter
30 is, for example, 150 mm. The hole diameter of each
primary flow hole 35 is, for example, ¢0.5 mm or
¢0.7 mm. Liguid Q1 in the primary conveyer tank 11
flows through the primary flow holes 35 from the outer
circumferential side to the inner circumferential side
of the primary drum filter 30. In this way, liquid Q1
is primarily filtered. A scraping plate 37 is in
contact with the circumferential surface of the primary
drum filter 30.

The secondary conveyer tank 40 is adjacent to the
primary conveyer tank 11. A first opening 41 is formed
in a partition wall 11b formed between the primary
conveyer tank 11 and the secondary conveyer tank 40.
The secondary conveyer tank 40 communicates with the
inside of the primary drum filter 30 via the first
opening 41. Thus, clean liquid Q2 obtained by the
filtration by the primary drum filter 30 flows into the
secondary conveyer tank 40.

The height of a bottom portion 40a of the
secondary conveyer tank 40 is substantially the same as
that of the bottom portion lla of the primary conveyer
tank 11. A sludge scraping portion 43 is formed in the
secondary conveyer tank 40. The sludge scraping
portion 43 extend obliquely upward from an end portion
of the secondary conveyer tank 40 in a manner similar
to that of the sludge scraping portion 13 of the
primary conveyer tank 11. A sludge discharge portion

44 is formed on the top of the sludge scraping portion
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43.

A second conveyer 50 is provided in the secondary
conveyer tank 40. The second conveyer 50 is provided
in a range from the bottom portion 40a of the secondary
conveyer tank 40 to the sludge discharge portion 44 via
the sludge scraping portion 43. The second conveyer 50
comprises a pair of chains 51 and 52, and a plurality
of scrapers 53. The scrapers 53 are attached to the
chains 51 and 52. The chains 51 and 52 are wound
around a pair of second drive sprockets 55 and 56, and
guide members 57 and 58. Chain tensioners 59 for
adjusting the tension of the chains 51 and 52 are
provided in the sludge scraping portion 43.

A lower portion 50a of the second conveyer 50
moves to the sludge discharge portion 44 along the
bottom portion 40a of the secondary conveyer tank 40
and the bottom surface of the sludge scraping portion
43. A collection box is provided under the sludge
discharge portion 44. The sludge on the bottom portion
40a of the secondary conveyer tank 40, such as
shavings, 1is conveyed to the sludge discharge portion
44 by the scrapers 53 of the second conveyer 50. The
sludge conveyed to the sludge discharge portion 44
falls to the collection box.

The secondary drum filter 60 is provided in the
secondary conveyer tank 40. The secondary drum filter
60 is completely immersed in clean liquid Q2.

Sprockets 61 and 62 are provided at the both ends of
the secondary drum filter 60. The sprockets 61 and 62
are engaged with the chains 51 and 52 of an upper
portion 50b of the second conveyer 50. Thus, when the
second conveyer 50 moves in the direction of arrow Bl
of FIG. 3, the secondary drum filter 60 rotates in the
direction of arrow B2. The upper surface of the

secondary drum filter 60 is lower than the upper
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surface of the primary drum filter 30. The number of
secondary drum filters 60 is not limited to one. A
plurality of secondary drum filters 60 may be provided
based on the capacity of filtration.

For example, the secondary drum filter 60 may be
obtained by shaping a stainless steel thin plate having
a thickness of 0.2 mm into a cylindrical form. The
secondary drum filter 60 comprises a large number of
secondary flow holes 65 (only partially shown in
FIG. 4) formed by photo-etching. The diameter of the
secondary drum filter 60 is less than that of the
primary drum filter 30. The diameter of the secondary
drum filter 60 is, for example, 100 mm.

The hole diameter of each secondary flow hole 65
is less than that of each primary flow hole 35. For
example, the hole diameter of each secondary flow hole
65 is ¢0.2 mm. The total opening area of the secondary
flow holes 65 is less than .that of the primary flow
holes 35. Clean liquid Q2 in the secondary conveyer
tank 40 is filtered by flowing through the secondary
flow holes 65 from the outer circumferential side to
the inner circumferential side of the secondary drum
filter 60. A scraping plate 67 is in contact with the
circumferential surface of the secondary drum filter
60.

The driver 70 comprises a single motor 71 (shown
in FIG. 2), and a drive shaft 72 rotated by the motor
71. The drive shaft 72 comprises a single shaft body
73, a pair of first drive sprockets 25 and 26 which
drive the first conveyer 20, and a pair of second drive
sprockets 55 and 56 which drive the second conveyer 50.
The drive sprockets 25, 26, 55 and 56 are fixed to the
shaft body 73. In the present embodiment, the torque
of the motor 71 is input from an end of the drive shaft
72. As all the drive sprockets 25, 26, 55 and 56 are
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simultaneously rotated by the torque, the structure of
the driver 70 is simplified.

The first clean tank 80 communicates with the
secondary conveyer tank 40 via a communication opening
81. The communication opening 81 is formed in a
partition wall 40b between the first clean tank 80 and
the secondary conveyer tank 40. Clean liguid Q2 in the
secondary conveyer tank 40 flows into the first clean
tank 80 via the communication opening 81. An oil
eliminating device (0il skimmer) 82 which eliminates
the oil film floating on the liquid level, a liquid
level gauge 83 which detects the position of the liquid
level of clean liquid Q2, and the first pump (low-
pressure pump) 85 are provided in the first clean tank
80. The first pump 85 has a function for supplying
clean liquid Q2 in the first clean tank 80 to the low-
pressure-side supply system 2 (shown in FIG. 1).

The second clean tank 90 is adjacent to the
secondary conveyer tank 40. The capacity of the second
clean tank 90 is less than that of the first clean tank
80. The second clean tank 90 communicates with the
inside of the secondary drum filter 60 via a second
opening 91. The second opening 91 is formed in the
partition wall 40b between the second clean tank 90 and
the secondary conveyer tank 40. Clean liquid Q2 in the
secondary conveyer tank 40 is secondary filtered by the
secondary drum filter 60 to be super clean liquid Q3.
Super clean liquid Q3 obtained by the secondary
filtration by the secondary drum filter 60 flows into
the second clean tank 90 via the second opening 21. A
liquid level gauge 92 which detects the position of the
liquid level of super clean liquid Q3 is provided in
the second clean tank 90.

The second pump (high-pressure pump) 95 is

provided in the second clean tank 90. The second pump
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95 supplies super clean liquid Q3 in the second clean
tank 90 to the high-pressure-side supply system 3
(shown in FIG. 1) at a pressure higher than that of the
first pump 85. The discharge capacity of the second
pump 95 is less than that of the first pump 85.

Now, this specification explains the effects of
the filtration device 10 of the present embodiment.

Liquid Q1 discharged from the machine tool 1 is
supplied to the primary conveyer tank 11 via the return
channel 4 and the liquid inlet 12. The sludge
containing shavings, etc., on the bottom portion 1lla of
the primary conveyer tank 11 is conveyed to the sludge
discharge portion 14 by the scrapers 23 of the first
conveyer 20. Liquid Q1 in the primary conveyer tank 11
is primarily filtered by the primary drum filter 30,
and flows into the secondary conveyer tank 40 via the
first opening 41. The sludge attached to the primary
drum filter 30 is scraped off by the scraping plate 37.

Liquid Q1 in the primary conveyer tank 11 is
filtered by passing through the primary drum filter 30
from the external side to the internal side, and flows
into the secondary conveyer tank 40 as clean liquid Q2.
Channel resistance is generated when ligquid Ql passes
through the primary flow holes 35 of the primary drum
filter 30. Thus, the liquid level of clean liquid Q2
having flowed into the secondary conveyer tank 40 is
lower than that of liquid Q1 in the primary conveyer
tank 11. The diameter of the secondary drum filter 60
is less than that of the primary drum filter 30.
Further, the upper surface of the secondary drum filter
60 is lower than the upper surface of the primary drum
filter 30. In this way, the exposure of the upper
surface of the secondary drum filter 60 from clean
liquid Q2 is avoided.

Clean liquid Q2 having flowed into the secondary
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conveyer tank 40 mostly flows into the first clean tank
80 via the communication opening 81. Clean liquid Q2
having flowed into the first clean tank 80 is sent to
the low-pressure-side supply system 2 by the first pump
85. The amount supplied by the first pump 85 is, for
example, 200 L/min. The sludge on the bottom portion
40a of the secondary conveyer tank 40 is conveyed to
the sludge discharge portion 44 by the scrapers 53 of
the second conveyer 50. The sludge attached to the
secondary drum filter 60 is scraped off by the scraping
plate 67.

In the secondary conveyer tank 40, the scrapers 53
of the upper portion 50b of the second conveyer 50 move
to the side under the liquid level of clean liquid Q2

as the scrapers 53 pass the vicinity of the liquid

‘level. The sludge floating around the liquid level of

clean liquid Q2 can be guided to the side under the
liquid level by the scrapers 53. In this way, it is
possible to prevent sludge from continuing to float
around the liquid level. Thus, clean liquid Q2 can be
effectively further (secondarily) filtered.

Clean liquid Q2 in the secondary conveyer tank 40
is partially secondarily filtered by the secondary drum
filter 60, and flows into the second clean tank 90 via
the second opening 91. Liquid (super clean liquid) Q3
having flowed into the second clean tank 90 is sent to
the high-pressure-side supply system 3 by the second
pump 95. The amount supplied by the second pump 95 is,
for example, 20 L/min.

The first pump 85 pumps up a large amount of clean
liquid Q2 having flowed into the first clean tank 80
from the secondary conveyer tank 40, and supplies it to
the low-pressure-side supply system 2. The pressure of
the first pump 85 is low. However, the discharge of

the first pump 85 is great. The second pump 95
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supplies a relatively small amount of super clean
liquid Q3 having flowed into the second clean tank 90
via the secondary drum filter 60 to the high-pressure-
side supply system 3. The pressure of the second pump
95 is high. However, the discharge of the second pump
95 is less. 1In the present embodiment, the second
clean tank 90 for the second pump 95 in which the
discharge is less has a small capacity suitable for the
discharge of the second pump 95. This structure can
contribute to the reduction in the size of the
filtration device 10. Thus, the floor area of a plant
can be effectively used.

As described above, the filtration device 10 of
the present embodiment is capable of supplying clean
liquid Q2 obtained by the primary filtration by the
primary drum filter 30 to the low-pressure-side supply
system 2 of a machine tool, etc., by the first pump 85.
Super clean liquid Q3 obtained by the further secondary
filtration by the secondary drum filter 60 can be
supplied to the high-pressure-side supply system 3 by
the second pump 95. A large amount of clean liquid Q2
obtained by the primary filtration can be supplied to
the liquid use portion of the low-pressure system in
which the use amount is great. Relatively a small
amount of super clean liquid Q3 obtained by the
secondary filtration with a high filtration accuracy
can be supplied to, at high pressure, the liquid use
portion of the high-pressure system with a small
channel cross-sectional area and a small use amount.
In addition, the primary conveyer tank 11 is purified
on a steady basis by the first conveyer 20 and the
primary drum filter 30. At the same time, the
secondary conveyer tank 40 is purified on a steady
basis by the second conveyer 50 and the secondary drum

filter 60. Thus, there is no need to frequently clean
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the tanks by human resources. The necessity to provide
a filter in the low-pressure-side supply system 2 or
the high-pressure-side supply system 3 is reduced.
Thus, the maintenance is easy.
Industrial Applicability

To implement the present invention, as a matter of
course, the primary conveyer tank, the secondary
conveyer tank, the primary drum filter, the secondary
dfum filter, the first clean tank, the second clean
tank, the first pump, the second pump and the like
included in the filtration device may be changed in
various ways.
Reference Signs List
la---First liquid use portion, 1b---Second liquid use
portion, 2---Low-pressure-side supply system, 3---High-
pressure-side supply system, Ql---Liquid to be
filtered, Q2---Liquid obtained by primary filtration
(clean liquid), Q3---Liquid obtained by secondary
filtration (super clean liquid), 10---Filtration
device, 11---:Primary conveyer tank, lla---Bottom
portion, 20---First conveyer, 21, 22---Chain,
23++-Scraper, 25, 26---First drive sprocket,
30-+-Primary drum filter, 35---Primary flow hole,
40---Secondary conveyer tank, 40a---Bottom portion,
41---First opening, 50-:--Second conveyer, 51,
52:-+Chain, 53---Scraper, 55, 56---Second drive
sprocket, 60--:-Secondary drum filter, 65---Secondary
flow hole, 70---Driver, 71---Motor, 72---Drive shaft,
73+--Shaft body, 80---First clean tank, 85-::First
pump, 90--:-Second clean tank, 91---Second opening,

95- - +Second pump
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CLAIMS

1. A filtration device characterized by
comprising:

a primary conveyer tank (11) comprising a first
conveyer (20) and supplied with a liquid (Q1l) to be
filtered;

a primary drum filter (30) provided in the liquid
of the primary conveyer tank (11), rotated by a chain
(21, 22) of the first conveyer (20), and comprising a
primary flow hole (35) for filtering the liguid (Q1l) in
the primary conveyer tank (11);

a secondary conveyer tank (40) adjacent to the
primary conveyer tank (11), comprising a second
conveyer (50), and communicating with inside of the
primary drum filter (30) via a first opening (41)
formed between the secondary conveyer tank (40) and the
primary conveyer tank (11), wherein a clean liquid (Q2)
obtained by filtration by the primary drum filter (30)
flows into the secondary conveyer tank (40);

a secondary drum filter (60) provided in the clean
liquid (Q2) of the secondary conveyer tank (40),
rotated by a chain (51, 52) of the second conveyer
(50), and comprising a éecondary flow hole (65) for
further filtering the clean liquid (Q2) in the
secondary conveyer tank (40);

a driver (70) which drives the first conveyer (20)
and the second conveyer (50);

a first clean tank (80) communicating with the
secondary conveyer tank (40), wherein the clean liquid
(Q2) in the secondary conveyer tank (40) flows into the
first clean tank (80);

a first pump (85) which supplies the clean liquid
(Q2) in the first clean tank (80) to a first liquid use
portion (la);

a second clean tank (90) adjacent to the secondary
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conveyer tank (40), and communicating with inside of
the secondary drum filter (60) via a second opening
(91) formed between the second clean tank (90) and the
secondary conveyer tank (40), wherein a super clean
liquid (Q3) obtained by filtration by the secondary
drum filter (60) flows into the second clean tank (90);
and

a second pump (95) which supplies the super clean
liquid (Q3) in the second clean tank (90) to a second
liquid use portion (1lb).

2. The filtration device of Claim 1,
characterized in that

the first pump (85) is a low-pressure pump which
supplies the clean liquid (Q2) to a low-pressure-side
supply system (2), and the second pump (95) is a high-
pressure pump which supplies the super clean liquid
(Q3) to a high-pressure supply system (3) at a pressure
higher than a pressure of the first pump (85).

3. The filtration device of Claim 1,
characterized in that

the driver (70) comprises:

a drive shaft (72) comprising a shaft body
(713), a pair of first drive sprockets (25, 26) provided
in the shaft body (73) and driving the first conveyer
(20), and a pair of second drive sprockets (55, 56)
provided in the shaft body (73) and driving the second
conveyer (50); and
a motor (71) provided at an end of the drive

shaft (72), and simultaneously rotating the first drive
sprockets (25, 26) and the second drive sprockets (55,
56) by inputting torque from the end of the drive shaft
(72) .

4. The filtration device of Claim 1,
characterized in that

a diameter of the secondary drum filter (60) is
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less than a diameter of the primary drum filter (30),

a hole diameter of the secondary flow hole (65) is
less than a hole diameter of the primary flow hole
(35), and

a total opening area of the secondary flow hole
(65) is less than a total opening area of the primary
flow hole (35).

5. The filtration device of Claim 4,
characterized in that

the secondary drum filter (60) is provided in the
secondary conveyer tank (40) such that an upper surface
of the secondary drum filter (60) is lower than an

upper surface of the primary drum filter (30).



