DESCRIP TIO N FILTRATION DEVICE Technical Field The present invention relates to a filtration
device for filtering a contaminated fluid containing fine particles. Background Art A machine tool for
precision machining, for example, uses a fluid such as a coolant for lubricating or cooling a part being
machined. As the workpiece is machined, fine particles such as dust, carbon, etc., as well as chins,
are mixed into the fluid of this type, 15so that the fluid is gradually polluted and inevitably becomes
contaminated. A filtration device for filtering a contaminrated fluid is discosed in Jpn. Pat. Appin.
KOKAI Publication No. 11-77479. This filtration device uses 20chips, which are produced from a
machine tool, as filter media, and magnetizeB tf&e g’lt%r ?egi%b%rﬁe shpf an electromagnetic coil,
thereby capturing magnetic impurities in the contaminated fluid. Ince the conventional filtration
device described above uses chips as the filter media, its filtration accuracy varies considerably. Since
the surfaces of the chips used as the filter media are very rough,

FILTRATION DEVICE

5 Technical Field

The present invention relates to a filtration
device for filtering a contaminated fluid containing
fine particles.

Background Art
10 A machine tool for precision machining, for
example, uses a fluid such as a coolant for lubricating
or cooling a part being machined. As the workpiece is
machined, fine particles such as dust, carbon, etc., as
well as chips, are mixed into the fluid of this type,
15 so that the fluid is gradually polluted and inevitably
becomes contaminated.

A filtration device for filtering a contaminated
fluid is disclosed in Jpn. Pat. Appln. KOKAI
Publication No. 11-774798. This filtration device uses

20 chips, which are produced from a machine tool, as
filter media, and magnetizes the filter media by means
of an electromagnetic coil, thereby capturing magnetic
impurities in the contaminated fluid.

Since the conventional filtration device described

25 above uses chips as the filter media, its filtration
accuracy varies considerably. Since the surfaces of

the chips used as the filter media are very rough,



2 moreover, it is difficult to wash the filter media in order to recover the filtration capability when the
filtration capability is reduced. Thus, there is a problem that the chips. as the filter media must be
replaced frequently. The inventor hereof has developed a filtration device that uses easily
washable, spherical magnetic metal balls, such as steel balls, and attracts and fixes the magnetic
metal balls by means of a magnet. 10This filtration device is disclosed in Jpn. Pat. Appin. KOKAI
Publication No. 2007-105706. This filtration device has higzh filtration accuracy and its filter media can
be washed with ease. A filter media unit of the filtration device using 15the magnetic metal balls
inclu.des a filtgr mediam %%coomfrggday n .cgsg (apéji% Iairge Qgrpﬂt\)aesrkof {rﬁaegr};elt'&rggta%ggljla% cgntaingd in
the filter media accommoadation tase. The filier media accommaodation case 1s composed of a pair of

me_sh members, Upp%ﬁi@r‘0‘6’@@&&%‘@&“&%@“@9@@95@@% @Hd@%%tici%lgb%@%ﬁ)&@ on, a
stainless-steel frame member surrounding the mesh members, and the like. However, an earnest

investigation by the invehtardtetreaf reveated.room for imgpdovement ifitthe contentionakfiker media unit
23Specifically, if a weak magnet is used in the
prokblem that the chips as the filter media must be
5 replaced frequently.

The inventor hereof has developed a filtration
device that uses easily washable, spherical magnetic
metal balls, such as steel balls, and attracts and
fixes the magnetic metal balls by means of a magnet.

10 This filtration device is disclosed in Jpn. Pat. Appln.
KOKAI Publication No. 2007-105706. This filtration
device has high filﬁration accuracy and its filter
media can be washed with ease.

A filter media unit of the filtration device using

15 the magnetic metal balls includes a filter media
accommodation case and a large number of magnetic metal
balls contained in the filter media accommodation case.
The filter media accommodation case is composed of a
pair of mesh members, upper and lower, formed of

20 punching metals (magnetic substance) of iron, a
stainless-steel frame member surrounding the mesh
members, and the like. However, an earnest
investigation by the inventor hereof revealed room for
improvement in the conventional filter media unit.

25 Specifically, 1f a weak magnet is used in the
conventional filter media unit using the magnetic metal

balls, attraction of the magnetic metal balls is liable



conventional filter media unit using the magnetic metal bails, attraction of the magnetic metal halls is
liable to become unsatisfactory in positions distant from the magnet, although the magnetic metal
balls can be fully attracted in positions near the magnet. In consequence, the ability to capture objects
to be removed is low in positions distant from the magnet. In the conventional filtration device, for
example, a magnetic force obtained at a position farthest from the magnet may sometimes be about a
fourth of that obtained near the magnet, so that desired filtfation accuracy 10cannot be obtained, in
some cases. Thus, it is necessary to use a larger, stronger magnet. A large, strong magnet, however,
re-Quires great drive gge&gélcv(\)/lhneen it is ir]Ccor%or%ed intq or remO\{ed fromdthetfilte{ rr%edia unit, so that
there are problems of enlargement%)aso? a'drive mecHanisntand |nlc?élassedlesnear8y coﬁgﬂnm% ion.

Disclosure of invention-Ehe-present invention providesa filtration device, capable of displaying higher
accuracy filtration performance bv using magnetic granular filter media and 20magnets. filtration
device of the present invertionscomprisessd fillerrtank énto whieh mcontaminated fluid contaihing fine
particles to he removed is introduced, a filter media unit contained in the filter tank, and a 25magnet
mﬁﬂdﬁappHeSaJnagh%ﬂE?%ﬂPﬁ?ﬁﬁymﬁﬁe ability to capture objects to be

5 removed is low in positions distant from the magnet.
In the conventional filtration device, for example, a
magnetic force obtained at a position farthest from the
magnet may sometimes be about a fourth of that obtained
near the magnet, so that desired filtration accuracy

10 cannot be obtained, in some cases. Thus, it is
necessary to use a larger, stronger magnet. A large,
strong magnet, however, requires great drive energy
when it 1s incorporated into or removed from the filter
media unit, so that there are problems of enlargement

15 of a drive mechanism and increased energy consumption.

Disclosure of Invention

The present invention provides a filtration device
capable of displaying higher accuracy filtration
performance by using magnetic granular filter media and

20 magnets.

A filtration device of the present invention
comprises a filter tank into which a contaminated fluid
containing fine particles to be removed is introduced,
a filter media unit contained in the filter tank, and a

25 magnet which applies a magnetic field to the filter
media unit. In the filtration device, the filter media

unit includes a filter media accommodation case and a



media unit. In the filtration device, the f ter media unit includes a filter media accommodation case and
a 4 large number of magnetic granular filter media of a magnetic material contained in the filter media
accommodation case. The magnet is movable with respect to the filter media unit between a first
position and a 5second position, and is configured to apply the magnetic field to the magnetic granular
filter media, thereby causing the magnetic granular filter media to magnetically attract and fix one
another, when in the first position and to cancel the magnétic attraction 10between the magnetic
granular filter media when in the second position. The filter media accommodation case is provided

with a nonmagnetic rrﬂ%sh énemb r orf a rflonma?n%tic material, whic i%huztt)%)ortSt e magnetic granular.
[ | icht

. . r numoe ma e C ranular r medla. g Ty
filter 15media and hasa %rge Umber of circulation holes t%roug W & contaminated fluid is

passable, and a magngtispintensification plate fermed af a magnetie;material,and provided on an end
portion of the nonmagnetic mesh member. The magnetism intensification

accommodation case. The magnet is movable with respect
to the filter media unit between a first position and a
5 second position, and 1is configured to apply the

magnetic field to the magnetic granular filter media,
thereby causing the magnetic granular filter media to
magnetically attract and fix one another, when in the
first position and to cancel the magnetic attraction

10 between the magnetic granular filter media when in the
second position.

The filter media accommodation case is provided
with a nonmagnetic mesh member of a nonmagnetic
material, which supports the magnetic granular filter

15 media and has a large ﬁumber of circulation holes
through which the contaminated fluid is passable, and a
magnetism intensification plate formed of a magnetic
material and provided on an end portion of the
nonmagnetic mesh member. The magnetism intensification

20 plate is configured toc be horizontally opposed to the
magnet so that the nonmagnetic mesh member and the
magnetic granular filter media are located between the
magnet and the magnetism intensification plate when the
magnet is in the first position.

25 According to the present invention, the filter
media accommodation case that contains the magnetic

granular filter media is provided with the nonmagnetic



20plate is configured to be horizontally opposed to the magnet so that the nonmagnetic mesh member
and the magnetic granular filter media are located between the magnet and the magnetism
intensification plate when the magnet is in the first position. 25According to the present invention, the
filter media accommodation case that contains the magnetic granular filter media is provided with the
nonmagnetic mesh member of the nonmagnetic material and the magnetism intensification plate of
the magnetic material. Therefore, the magnetic granular fiiter media that are located far from the
magnet can also be caused to satisfactorily attract one another by the magnetic force of the magnet.
Thus, the filtration accur%f:y near an gl%d E)gétiorpogfmtge fiél;eg Cr:nedi% ggi.t c nabne dprtel%/gnted from being
reduced, so that the fiftration accuracy can be mprov%?j. Fn adg}ﬁon, the%Omagnetlc force of the

magnet can be effectively usedfor; the-gntire filtgr media upitsasthat ids YAReeassary to use an
unduly large, strong magnet. Thus, a drive mechanism or the like for moving the magnet can be made
energy-saving. 15TheaoamagneticThest: membertisdormed of, for gxamples a flat Staimless-steel
plate. The large number of circulation holes with an opening width smaller than the diameter of the

magnetic granular fillef fiediaaré forhtedinC e plate 208rPF pFéTérida Hspectaftha loreséfr

invention, a fyst magnet,and a.second magnet are amanged horizonially spaced apart flam each other
in the filter tank. A. firs: filtér media unit and a second filter media unit are arranged-horizontally

adjacent to each otherbetween the first magnelandthessecondimagnetie filtration

accuracy near an end portion of the filter media unit
can be prevented from being reduced, so that the
fiitration accuracy can pe improved. In addition, the

10 magnetic force of the magnet can be effectively used
for the entire filter media unit, so that it is
unnecessary to use an unduly large, strong magnet.
Thus, a drive mechanism or the like for moving the
magnet can be made energy-saving.

15 The nonmagnetic mesh member is formed of, for
example, a flat stainless-steel plate. The large
number of circulation holes with an opening width
smaller than the diameter of the magnetic granular
filter media are formed in the plate.

20 In a preferred aspect of the present invention, a
first magnet and a second magnet are arranged
horizontally spaced apart from each other in the filter
tank. A first filter media unit and a second filter
media unit are arranged horizontally adjacent to each

25 other between the first magnet and the second magnet.
A magnetism intensification plate of the first filter

media unit and a magnetism intensification plate of the



A magnetism intensification plate of the first filter media unit and a magnetism intensification plate of
the second filter media unit are magnetically connected to each other. a preferred aspect of the
present invention, moreover, a third filter media unit is located between 5the first magnet and one
sidewall of the filter tank. A magnetism intensification plate of the third filter media unit is magnetically
connected to the one sidewall, and a fourth filter media unit is located between the second magnet and
the other sidewall of the 10filter tank. A magnetism intensification plate of the fourth filter media unit is
magnetically connected to the other sidewali. Brief Description of Drawings FIG.lisa

itudi [ i i ' [ [ iment of the present invention;
longitudinal sectional vicw ofa 15filration.device ageording to an embodiment of the present

each other.
In a preferred aspect of the present invention,
moreover, a third filter media unit i1s located between
5 the first magnet and one sidewall of the filter tank.
A magnetism intensification plate of the third filter
media unit is magnetically connected to the one
sidewall, and a fourth filter media unit is located
between the second magnet and the other sidewall of the
10 filter tank. A magnetism intensification plate of the
fourth filter media unit is magnetically connected to
the other sidewall.
Brief Description of Drawings
FIG. 1 is a longitudinal sectional view of a
15 filtration device according to an embodiment of the
present invention;

FIG. 2 is a longitudinal sectional view of the
filtration device taken along line F2-F2 in FIG. 1;

FIG. 3 is a sectional view enlargedly showing a

20 filter media unit of the filtration device shown in
FIG. 1;

FIG. 4 is a side view showing a filtration
operation of magnetic granular filter media of the
filtration device shown in FIG. 1;

25 FIG. 5 is a longitudinal sectional view of the
filtration device shown in FIG. 1 with its magnets

ralised;



FIG. 2 is a longitudinal sectional view of the filtration device taken along line F2-F2 in FIG.. 1; PTG, 3
Is a sectional view enlargedly showing: a 20filter media unit of the filtration device shown in FIG. 1,
FIG. 4 is a side view showing a filtration operation of magnetic granular filter media of the filtration
device shown in FIG. 1; 25FTG. 5 is a longitudinal sectional view of the filtration device shown in FIG.
1 with its magnets raised; FIG. 6 is a sectional view typically showing a state in which filtration
equipment with the filtration device shown in FIG. 1 is operated for filtration; and FIG. 7 is a sectional
view typically showing a state in which the filtration equipment with the filtration device shown in FIG. 1

is operated for cleaning. Best;Mode far Carrying.Qut the Igyg@}i% ical lyAlg ﬁgg\gqgémgnt of the

present invention will now De 10described with reference to FIGS. % to 7.
state in which filtration equipment with the filtration

device shown in FIG. 1 is operated for filtration; and
FIG. 7 is a sectional view typically showing a
5 state in which the filtfation eguipment with the
filtration device shown in FIG. 1 is operated for
cleaning.
Best Mode for Carrying Out the Invention
An embodiment of the present invention will now be
10 described with reference to FIGS. 1 to 7.

A filtration device 10 shown in FIG. 1 is provided
with a filter tank 11, filter media units 12, and
magnet units 13. The material of the filter tank 11 is
a magnetic material, such as a ferrous metal. A cover

15 housing 14 1s disposed on top of the filter tank 11. A
dirty chamber 15 and clean chamber 16 are defined in
the filter tank 11.
The dirty chamber 15 is located under the filter
media units 12. The clean chamber 16 is located over
20 the filter media units 12. The top of the clean
chamber 16 is airtightly closed by a partition wall 17.
Magnet holders 18 are formed below the partition wall
17. The magnet holders 18 extend vertically. Magnets
19 are contained in the magnet holders 18,
25 individually.
A contaminated fluid inlet 20 that opens into the

dirty chamber 15 is formed in a lower part of the



A filtration device 10 shown in FIG. 1 is provided with a filter tank 11, filter media units 12, and magnet
units 13. The material of the filter tank 11 is a magnetic material, such as a ferrous metal. A cover
15housing 14 is disposed on top of the filter tank 11. A dirty chamber 15 and clean chamber 16 are
defined in the filter tank 11. The dirty chamber 15 is located under the filter medf.a units 12. The
clear. chamber 16 is located over 20the filter media units 12. The ton of the clean chamber 16 is
airtighty closed by a partition wall Magnet holders 18 are formed below the partition wall 17. The
magnet holders 18 extend verticalMagnets are contained in the magnet holders 18, 25individually.

A contaminated fluid inlet.2Q thaf,gpens intoxthe dirty. chamber 1515 formegin aloyerpart of the 10

10

15

20

25

fine particles to be filtered is introduced into the
dirty chamber 15 through the contaminated fluid inlet
20. A clean fluid outlet 21 that opens into the clean
champer 16 is formed in an upper part of the filter
tank 11.

As shown in FIG. 2, a clean fluid pipe 22 is
connected to the clean fluid outlet 21. The clean
fluid pipe 22 is connected with an air supply pipe 24
that is provided with an air valve 23 for use as
atmospheric pressure releasing means. The clean
chamber 16 can be opened to the atmosphere by opening
the air valve 23. Alternatively, the air supply pipe
24 may be connected with a source of compressed air
supply. In this case, compressed air can be supplied
to the clean chamber 16. A drain port 26 with a drain
valve 25 1s provided at the bottom of the filter tank
11, that is, at the bottom of the dirty chamber 15.

The filter media unit 12 is constructed in the
manner described below.

FIG. 3 1is a sectional view enlargedly showing the
filter media unit 12. This filter media unit 12
includes a filter media accommodation case 30, which
will be described below, and a large number of magnetic
granular filter media 31 contained in the filter media
accommodation case 30.

For example, the magnetic granular filter media 31



15 20 9 r J filter tank 11A contaminated fluid that contains fine particles to be filtered is introduced into
the dirty chamber 15 through the contaminated fluid inlet 20. A clean fluid outlet 21 that opens into the
clean chamber 16 is formed in an upper part of the filter tank 11. As shown in FIG. 2, a clean fluid
pipe 22 is connected to the clean fluid outlet 21. The clean fluid pipe 22 is connected with an air supply
pipe 24 that is provided with an air valve 23 for use as atmospheric pressure releasing means. The
clean chamber 16 can be opened to the atmosphere by o%ening the air valve 23. Alternatively, the air
supply pipe 24 may be connected with a source of compressed air supply. In this case, compressed

air can be supplied to the glepn shamber 16, A drain 0o 20.with aydrain vale. 25 js provided at the

bottom of the filter tan ottom of the dirty chamber The filter media unit 12 is

constructed in the marnerdescribed betaw.act e 3dsa@rsectional vieenlargedlv shawingithe filter
media unit 12. This filter media unit 12 incl-Jdes a filter media accommodation case 30, which will be
described below, and’a%argé ndrabesotmaghetic §ranularfiter meadid 8¢ lcdntained in theefilter media

accommodation case 30. For example, the magnetic granular filter media 31 9.
state without application of any magnetic field,

5 magnetic attraction is canceled, so that the magnetic
granular filter media 31 can move relatively to one
another to some extent. The surfaces of the magnetic
granular filter media 31 are smooth and easily
washable.

10 While the respective diameters of all the magnetic
granular filter media 31 that are contained in the
filter media accommodation case 30 may be equal to one
another, a plurality of types of magnetic granular
filter media 31 with different diameters may

15 alternatively be mixed with one another. Further,
magnetic granular filter media of a shape other than
the spherical shape may be used. In short, the
magnetic granular filterkmedia 31 attract one another
lest they move when subjected to a magnetic field by

20 the magnet unit 13. When the magnetic field is
removed, the magnetic granular filter media 31 are
released from attraction. The magnetic granular filter
media 31 should only be formed of a magnetic material
and may be of any shape.

25 The filter media accommodation case 30 1s composed
of a pair of nonmagnetic mesh members 35 and 36, upper

and lower, frame member 37, magnetism intensification



are spherical metal balls of a magnetic material, such as iron, and attract one another in the manner
shown in FIG. 4 when subjected to a magnetic field. In a free state without application of any magnetic
field, magnetic attraction is canceled, so that the magnetic granular filter media 31 can move relatively
to one another to some extent. The surfaces of the magnetic granular filter media 31 are smooth and
easily washable. 1 OWhile the respective diameters of all the magnetic granular filter media 31 that are
contained in the filter media accommodation case 30 ma&@)e equal to one another, a plurality of types
of magnetic granular filter media 31 with different diameters may alternatively be mixed with one

another. Further, magnetic granular filter media of a shape other than the spherical sha y be
used. In short, the m gr?e“tltc (j(’?lrgglhuiiél’“r(fiIte:nrl%eeclizgl1 %?Lma?ﬁg%t“olnce énr?ogtﬁe?ﬁ%gg reSy %ggvg &%g%

subjected_ toa magn%tg%fieggpfygge é@%%d’rﬂ@q@xé@ hen %ﬁ%gﬁ%ﬂicéiﬁ%i%@”&o&@%ﬂ%e'ic
granular filter media 31 are released from attraction. The magnetic granular filter media 31 should only

be formed of a magnetie aiatéiial @t may delokameshape: r i zcorhexfilter mediacactommodation case
30 is composed of a pair of nonmagnetic mesh members 35 and 36, upper and lower, frame member
37, magnetism intendificstioh 10 plate 46 6 rhetnonmaghetic RfEShaABMbers B5%nd 36 are
formed of a r@nmagneé-j% gnrate@%I suc% a356stain%%sés steel @9?984 , atnd ext%nd horizontaﬂg.t'léhe

frame member 37 is I(ﬁqlsligosedsarounadnt e no'nmagnetll%a esh members 35 an %%Wﬁ% rﬁagnetism

intensification plate 49ds provided, atirespective epd portiensefthenanmagnetic mesh members 35
and 36. The frame member 37, like the nonmagnetic mesh members 35 and 36, is formed of a

nonmagnetic materiat, such@ssstainlesssiOsteel(905304). dhe magnetitgranuar<ilteemiedia 31 are
contained between the nonmagnetic mesh members 35 and 36. The magnetic granular filter media 31

are vertically arranged in alpilifality*6f rWE g e threetoie) members 35 and 36, is

formed of a nonmagnetic material, such as stainless

10 steel (SUS304). The magnetic granular filter media 31
are contained between the nonmagnetic mesh members 3%
and 36. The magnetic granular filter media 31 are
vertically arranged in a plurality of rows (e.g., three
TOWS) .

15 A large number of circulation holes 35a and 36a
are formed in the nonmagnetic mesh members 35 and 36,
respectively. The opening width of the circulation
holes 35a and 36a is smaller than the diameter of the
magnetic granular filter media 31. For example, the

20 diameter of the magnetic granular filter media 31 is
4 mm, while the opening width of the circulation holes
35a and 36a ranges from 2 to 3 mm. Thus, the magnetic

“granular filter media 31 can be prevented from passing
through the circulation holes 35a and 36a. The

25 magnetic granular filter media 31 are put and supported
on the lower nonmagnetic mesh member 36. The diameter

of the magnetic granular filter media 31 may be greater



A large number of circulation holes 35a and 36a are formed in the nonmagnetic mesh members 35
and 36, respectively. The opening width of the circulation holes 35a and 36a is smaller than the
diameter of the magnetic granular filter media 31. For example, the 20diameter of the magnetic
granular filter media 31 is 4 ffird, while the opening width of the circulation holes 35a and 36a ranges
from 2 to 3 mm. Thus, the magnetic granular filter media 31 can be prevented from passing through
the circulation noles 35a and 36a. The 25magneto ¢ granﬂ:ﬂar filter media 31 are nut and supported on
the lower nonmagnetic mesh member 36. The diameter of the magnetic granular filter media 31 may
be greater 11 than 4 mm, For example, the nonmagnetic mesh members 35 arid 36 are formed of
punching metals of stainiess steel The punching metals are flat stainless-steel flares 5through which

the circulation. holes 35a and 36a-.are-pored. Alternativelyyflatreticylate, mempersduekboards, lattice
members, or some other materials may be used for the nonmagneric mesh members , and 36. In
short, the nonmagnetitomesh nMembers 35 andr836shouldetals of stainless steel.

The punching metals are flat stainless-steel plates

5 through which the circulation holes 35a and 36a are

bored. Alternatively, flat reticulate members,

duckboards, lattice members, or some other materials

may be used for the nonmagnetic mesh members 35 and 36.

In short, the nonmagnetic mesh members 35 and 36 should

10 only be able to support the contained magnetic granular
filter media 31 and be vertically penetrated by a
fluid.

In the present embodiment, the nonmagnetic mesh
members 35 and 36 used have a horizontally flat shape,

15 so that the magnetic granular filter media 31 can be
easlly positioned with respect to one another. Thus,
the magnetic granular filter media 31 can be regularly
arranged in a plurality of rows on the nonmagnetic mesh
member 36.

20 The magnetism intensification plate 40 is disposed
on an end portion of the filter media unit 12, that is,
that end portion thereof which is farther from the
magnet 19. The magnetism intensification plate 40 is
formed of a magnetic material, such as iron, with a

25 thickness of, for example, about 3 mm, and is provided
covering an overall transverse length W (shown in

FIG. 2) of the filter media unit 12. When the magnet



10only be able to support the contained magnetic granular filter media 31 and be vertcally Penetrated
by afluid.  Inthe Present embodiment, the nonmagnetic mesh members 35 and 36 used have a
horizontally flat shape, 15so that the magnetic granular filter media 31 can be easily positioned with
respect to one another. Thus, the magnetic granular filter media 31 can be regularly arranged in a
plural ity of rows on the nonmagnetic mesh member 36. ggThe magnetism intensification plate 40 is
disposed on an end portion of the filter media unit 12, that is, that end portion thereof which is farther
from the magnet 19. The magnetism intensification plate 40 is formed of a magnetic material, such as

iron, with a 25thickness, of, for example, aboyt 3 .nun, and,is provided-¢evering an .overall transverse
length W (shown TIC. 2) of the filter medial2. When Lho macnet 12 19 is in a first positdon shown in

FIG. 1, the magnetismdnriessificatiam plaie 46iis hotizantally opposed o thermagaet19.yThe
nonmagnetic mesh members 35 and 36 and magnetic granular filter media 31 are located between the
magnet 19 and magneBsmsiatensificalionpiate0. ¥ othétvordsiteamagacticgrinukaiter fnedia
31 and nonmagnetic @gsgprgeg}gers

and magnetic granular filter media 31 are
5 located between the magnet 19 and magnetism

intensification plate 40. 1In other words, the magnetic
granular filter media 31 and nonmagnetic mesh members
35 and 36 are provided between the magnet 19 and
magnetism intensification plate 40.

10 The magnet 19 is contained in the magnet holder 18
and can move vertically. An example of the magnet 19
15 a strong permanent magnet. This magnet 19 moves
relatively to the filter media unit 12 between the
first position shown in FIG. 1 and a second position

15 shown in FIG. 5. When the magnet 19 is in the first
position, a magnetic field is applied to the magnetic
granular filter media 31. The magnetic granular filter
media 31 are caused to magnetically attract one another
to be fixed by this magnetic field. When the magnet 19

20 ascends to the second position, the magnetic attraction
between the magnetic granular filter media 31 is
canceled, so that the magnetic granular filter media 31
are allowed to move to some extént.

The filtration device 10 is provided with

25 retaining means for moving the magnets 19 between the

first position (FIG. 1) and second position (FIG. 5).

The restraining means is composed of 1ift rods 50



35 and 36 are provided between the magnet 19 and magnetism intensification plate 40. 10The
magnetis contained in the magnet holder 18 and can move verticaiHy. An example of the magnet 19 is
a strong permanent magnet. This magnet 19 moves relatively to the filter media unit 12 between the
first position shown In FIG. 1 and a second position 15shown in FIG. 5. When the magnet 19 is in the
first position, a magnetic field is applied to the magnetic granular filter media 31. The magnetic
granular filter media 31 are caused to magnetically attract one another to be fixed by this magnetic
field. When the magnet 19 70ascends to the second position, the magnetic attraction between the

magnetic granular filter media; 31 ,is, g@@gﬁqu%ﬁ that the magnetic granular,filter,mgdia;31 are allowed
i

to move to some extent. The filtration device 10 is provided with 25retaining means for moving the
magnets 19 betweendhe firstpositisn(fFHGr 1) andsecend position«d 780liy5)k Therreéstraining means is
composed of lift rods, 50 13 coupled individually, to the magnets 19, horizontally
operating member 52, etc. The connecting member 51
connects the respective upper end portions of the lift
5 rods 50.

The operating member 52 is fixed to the connecting
member 51. The 1ift rods 50 are inserted individually
into the magnet holders 18 and can vertically move
together with the magnets 19. The operating member 52

10 can be vertically driven, manually or by means of an
actuator (not shown), to move the magnets 19 between
the first position and second position.

In the case of the present embodiment, as shown in
FIG. 1, a first magnet 19a and second magnet 19b are

15 arranged side by side in the filter tank 11, with a
horizontal space between them. A first filter media
unit 12a and second filter media unit 12b are arranged
between the pair of magnets 19a and 19%. The
constructions of these filter media units 12a and 12b

20 are the same as that of the filter media unit 12 shown
in FIG. 3. Each of the filter media units 12a and 12b
includes magnetic granular filter media 31, a pair of
nonmagnetic mesh members 35 and 36, upper and lower,
and magnetism intensification plate 40.

25 The magnetism intensification plate 40 of the
first filter media unit 12a and the magnetism

intensification plate 40 of the second filter media



extending connecting member 51, upwardly extend operating member 52, etc. The connecting
member 51 connects the respective upper end portions of the lift rods 50. The operating member
32 is fixed to the connecting member 51. The lift rods 50 are inserted individually into the magnet
holders 18 and can vertically move together with the magnets 19. The operating member 5 13 can be
vertically driven, manually or by means of an actuator (nolt Ehown), to move the magnets 19 between
the first position and second position. In the case of the present embodiment, as shown in FIG. 1,
a first magnet 19a and second magnet 19b are 15arranged side by side in the filter tank 11, with a

horizontal space between them, A first filter media unjt 1,22 and-secandfilter media unit;kab.are
arranged between the pair of magnets 19a and 19b. The constructions of these filter media units 12a
and 12b 20are the samae as thatiefdhe fiteamedizuni 42 shown bd-Iks 31 Eachof 1Re filter media
units 12a and 12b includes magnetic granular filter media 31, a pair of nonmagnetic mesh members
35 and 36, upper andiidwercand hragretbnribtersificationtplate e PS5 Themagnetism intensification

plate 40 of the first filter media unit 12a and the magnetism intensification plate 40 of the-second filter
Mhedia 14 unit 12b areThEARickd St B4 Ot BF ST PO BB EdNES

Sod it~ o
5 each other.

A third filter media unit 1Z2c is located between
the first magnet 1%9a and one sidewall 1la of the filter
tank 11. The construction of the third filter media
unit 12c¢ is the same as that of the filter media unit

10 12 shown in FIG. 3. A magnetism intensification plate
40 of the third filter media unit 1l2c is in contact
with the one sidewall 1la. The third filter media unit
12¢c is located between the first magnet 18a and the one
sidewall 1la of the filter tank 11 with the magnetism

15 intensification plate 40 magnetically connected to the
sidewall 11la.

A fourth filter media unit 12d is located between
the second magnet 19b and the other sidewall 1lb of the
filter tank 11. The construction of the fourth filter

20 media unit 12d is the same as that of the filter media
unit 12 shown in FIG. 3. A magnetism intensification
plate 40 of the fourth filter media unit 12d is in
contact with the other sidewall 11b. The fourth filter
media unit 12d is located between the second magnet 19b

25 and the other sidewall 11b of the filter tank 11 with
the magnetism intensification plate 40 magnetically

connected to the other sidewall 11b. Thus, the four



media units 12a and 12b are located horizontally adjacent to each other with the magnetism,
intensification plates 40 magnetically connected to each other. A third filter media unit 12c is
located between the first magnet 19a and one sidewall ha of the filter tank 11. The construction of the
third filter media unit 12c is the same as that of the filter media unit 1012 shown in FIG. 3. A
magnetism intensification plate 40 of the third filter media unit 12c is in contact with the one sidewall
lla. The third filter media unit 12¢ is located between the first magnet 19a and the one sidewa 1 ha of
the filter tank 11 with the magnetism 15intensification. plate 40 magnetically connected to the sidewall
A fourth filter media lﬂltlJCZq: is I88§tedu%etsé/§e??lhe secon r%argenet 199 anéj dthe other sidewall ilb of
the filter tank 11. The construction of the fourth |I?ert20me iaUnit 12d i the same as that of the filter
media unit 12 shownyp FIGo3+A magnetism intensification plate 40 of the fourth filter media unit 12d
is in contact with the other sidewall fib. The fourth filter media unit 12d is located between the second
magnet 19b 25and the otheF $igewall llbraf the diltewtank Thiwithitke ntaghetismeintensification plate 40
magnetically connected to the other sidewall lib. Thus, the four 75 ,
equipment 60 including the filtration device 10. The
5 filtration equipment 60 is provided with a dirty tank
61, a clean tank 62, the filtration device 10, a sludge
processor 63, etc. As shown in FIG. 6, a fluid Q1 that
contains fine particles to be filtered is supplied to
the contaminated fluid inlet 20 of the filtration
10 device 10 through a pump 65, pipe 66, and valve 67. A
clean fluid Q2 in the clean chamber 16 of the
filtration device 10 is recovered into the clean tank
62 through a valve 70 and pipe 71.
In a filtration process for filtering the fluid
15 01, as shown in FIG. 6, the valves 67 and 70 are
opened, and the drain valve 25 is closed. Then, the
fluid Q1 in the dirty tank 61 is supplied to the dirty
chamber 15 of the filtration device 10 by means of the
pump 65. Further, a magnetic field is applied to the
20 magnetic granular filter media 31 by moving the magnets
19 of the magnet unit 13 to the first position
(FIG. 1).
As shown in FIG. 4, the magnetic granular filter
media 31 are fixed in contact with one another by this
25 magnetic field. Thus, a narrow “wedge-shaped” gap G is

formed so as to be tapered toward each point C of

contact between the magnetic granular filter media 31.



filter media units 12a to 12d are arranged horizontally. FIGS. 6 and 7 show an outline of filtration
equipment 60 including the filtration device 10. The 5filtration equipment. 60 is provided with a dirty
tank 61, adlean tank 62, the filtration device 10, a sludge processor 63, etc. As shown in FIG. 6, a fluid
Q1 that contains fine particles to be filtered is supplied to the contaminated fluid inlet 20 of the filtration
10device 10 througn a pump 65, pipe 66, and valve 67. A clean. fluid Q2 in the clean chamber 16 of
the filtration device 10 is recovered into the clean. tank 62 fhrough a valve 70 and pipe 71. In a
filtration process for filtering the fluid 15Ql, as shown in FIG. 6, the valves 67 and 70 are opened, and

the drain valve 25 is closed. Th n, the{>p d | in the dirty }nk 61lis sug;ghed to the d?g chamber 15 of
the filtration device 1§%y%eans 8f the rﬁg%%s F(lﬁ?tlaﬂlgr %a%%%?@ i I%]E{Bbh%d w”%magnetlc

granular filter media 31, by mowving the magngts, 19 of the.magnet ynit 1.3 to the first position, s

get deep into the gap G and are captured. 1If the fine
particles S are formed of a magnetic material, the

5 magnetized magnetic granular filter media 31 attract
the fine particles S. Thus, the fluid Q1 supplied to
the dirty chamber 15 is filtered as it upwardly passes
through the filter media units 12 (12a to 12d), and the
fluid Q1 flows into the clean chamber 16.

10 If the amount of fine particles S captured by the
magnetic granular filter media 31 increases, the
filtration performance is reduced. A cleaning process
is executed to recover the filtration performance. In
the cleaning process, the valves 67 and 70 are closed,

15 as shown in FIG. 7, and the air valve 23 (shown in
FIG. 2) is opened, whereby the interior of the clean
chamber 16 1s opened to the atmosphere. The pump 65 is
stopped, and the drain valve 25 is opened. By moving
the magnets 19 to the second position (FIG. 5}, the

20 magnetic field having been applied to the magnetic
granular filter media 31 is canceled so that the
magnetic granular filter media 31 are released from
attraction.

Thereupon, the clean fluid QZ in the clean chamber

25 16 passes through the filter media units 12 (1l2a to
12d) as it drops toward the dirty chamber 15 by its own

weight. 1In doing this, the clean fluid Q2 in the clean



(FIG. 1). As shown in FIG. 4, the magnetic granular filter media 31 are fixed in contact with one
another by this 25magnetic field. Thus, a narrow "wedge-shaped" gap G is formed so as to be tapered
toward each point C of contact between the magnetic granular filter media 31. 16 As the fluid Q1 flows
near the contact point C between the magnetic granular filter media 31, fine particles S get deep into
the gap G and are captured. if the fine particles S are formed of a magnetic material, the magnetized
magnetic granular filter media 31 attract the fine particles'S. Thus, the fluid QI supplied to the dirty
chamber 15 is filtered as it upwardly passes through the filter media units 12 (12a to 12d), and the fluid

Q flows into the clean ghiamber 18- 101f the ameunt offiag particles, 5 qapiured by the aggetc

granular filter media 31 increases, the filtration performance is reduced. R cleaning process’is
executed to recover the filiration performancep tethecleaningqaneess: dbe valves H1cand éa are
closed, 15as shown in FIG. 7, and the air valve 23 (shown in FIG. 2) is opened, whereby the interior of
the clean chamber 168 dpehedltdahe dimivsphieret Thesuiap 651§ stoppetandthe tdraindAlve 25 is
opened. By moving the m nets 19 to the second position FT;) the 20magnetic field having been
applied to the magnetié “°"" " 2]

5 . As the clean fluild Q2 flows from the clean chamber
16 toward the dirty chamber 15, the surfaces of the
magnetic granular filter media 31 are washed off with
the clean fluid Q2. A sludge that contains a large
amount of fine particles and the like discharged into

10 the sludge processor 63 through the drain port 26 is
separated from a liguid and recovered by the sludge
processor 63.

As described above, the filtration device 10 of
the present embodiment can perform the cleaning process

15 as required when the filtration capability is reduced.
In the cleaning process, the magnetic granular filter
media 31 can be cleaned easily and quickly by using the
clean fluid Q2 in the filter tank 11, as menticned
pbefore, so that the filtration capability can be

20 recovered in a short time. Since the filtration device
10 itself can be directly used for the cleaning,
moreover, the running cost is low. The filtration
device 10 may be operated in the filtration process or
cleaning process\that 1s selected by automatic

25 switching by means of a timer.

In the filtration device 10 of the present

embodiment, the filter media accommodation case 30 that



granular filter media 31 is canceled so that the magnetic granular filter media 31 are released from
attraction. Thereupon, the clean fluid Q2 in the clean chamber 16 passes through the filter media
units 12 (12a to 12d) as it drops toward the dirty chamber 15 by its own weight. In doing this, the clean
fluid Q2 in the clean chamber 16 may be quickly forced out toward the dirty chamber 15 by the
pressure of compressed air suppi co the clean chamber 16,through the air supply pipe 24 (shown in
FIG. 2). As the clean flute" Q2 flows from the clean chamber 16 toward the dirty chamber 15, the
surfaces of the magnetic granular filter media 31 are washed off wi the clean fluid Q2. A sludge that

contains a large amoupteLfing paticles.and thedike discharged into-10the sludge progessor 63
through the drain port 26 is separated from a liquid and recovered by the sludge processor 63. As

described above, thedilivatiaiedevice 1 0tofdhe present embodiment camiperform thecteahing process

15as required when the filtration capability is reduced. In the cleaning process, the magnetic granular
filter media 31 can bef EfFAREd Yasity ARTERACKY by usfgtthecclean fluitt2 MarBSiftePtank 11, as

menUonedbeﬂwe,songgggafygggqg%p%wg éx%bb%ormed of a magnetic material.

5 Therefore, the magnetic granular filter media 31 that
are located far from the magnets 19 can also be caused
to satisfactorily attract one another by the magnetic
force of the magnets 19. Thus, variations of the
filtration accuracy of each part of the filter media

10 units 12 can be reduced, so that the filtration
accuracy can be improved. In addition, the magnetic
force of the magnets 19 can be effectively used for all
the filter media units 12. ccordingly, it is
unnecessary to use unduly large, strong magnets, So

15 that a drive mechanism or the like for moving the
magnets 19 can be made energy-saving.

For the filter media unit 12 of the foregoing
embodiment, the magnetic force that acts on the
magnetic granular filter media 31 was measured. As a

20 result, magnetic forces at a measuring point Pl near
the magnet 19, intermediate measuring point PZ, and
measuring point P3 farthest from the magnet 19, as in
FIG. 2, were 5,200, 2,750, and 2,200 gauss,
respectively. In this case, the magnetic force of

25 about 35 to 40% of that obtained at the point near the
magnet 19 was able to be obtained even at the position

farthest from the magnet 19, so that a suitable



1)Orecovered in a short time. Since the filtration device 10 itself can be directly used for the cleaning,
moreover, the running cost is low, The filtration device 10 may be operated in the filtration process or
cleaning process that is selected by automatiswitching by means of a timer. In the filtration device
10 of the present embodiment, the filter media accommodation case 30 that 18 contains the magnetic
granular filter media 31 is provided with the nonmagnetic mesh members 35 and 36 formed of a
nonmagnetic material and the magnetism intensification plate 40 formed of a madnetic material.
Therefore, the magnetic granular filter media 31 that are located far from the magnets 19 can also be

caused to satisfactoril airact one angiher by the,magnelic {ores ot the magnets 19 Jhuss, karations

of the filtration accuracy of each part of the filter media 10units 12 can be reduced, so that the filtration
accuracy can be imprayvede Inoadditior,the magnetic force of the magnets 19 can be effectively used
for all the filter media units 12Accordingly, it is unnecessary to use unduly large, strong magnets, so
15that a drive mechanism of the2likectap aTcVing theemzignets 19 ean be made energydsavingth

the magnetism intensification plate 40, on the other
5 hand, magnetic forces at the measuring point Pl near
the magnet 19, intermediate measuring point P2, and
measuring point P3 farthest from the magnet were 5,000,
2,100, and 1,100 gauss, respectively. In the case of
this example, the magnetic force of only about 20% of
10 that obtained at the point near the magnet 19 was able
to be obtained at the position farthest from the magnet
19, so that the magnetic forces varied considerably.
In a case where the nonmagnetic mesh members 35
and 36 are formed of a magnetic material, such as iron,
15 the magnetic forces obtained at positions far from the
magnet 19 are further reduced, so that the filtration
accuracy 1is poor. In order to obtain a desired
filtration performance, it is necessary to dispose the
magnetism intensification plate 40 on the end portion
20 of each filter media unit 12 and use a nonmagnetic

material for at least the lower nonmagnetic mesh member

36.
Industrial Applicability
A filtration device of the present invention can
25 purify various fluids. It is to be understood, in

carrying out the present invention, that the components

of the filtration device, including the filter tank,



For the filter media unit 12 of the foregoing embodiment, the magnetic force that acts on the magnetic
granular filter media 31 was measured_ As a 20result, magnetic forces at a measuring point P1 near
the magnet 19, intermediate measuring point P2, and measuring point P3 farthest from the magnet 19,
as In FIG. 2, were 5,200, 2,750, and 2,200 gauss, respectively. In this case, the magnetic force of 25
about 35 to 40% of that obtained at the point near the magnet 19 was able to be obtained even at the
position farthest from the magnet 19, so that a suitable 1 Gitractive force for high-precision filtration
was able to be obtained. In a comparative example that is not provided with the magnetism
intensification plate 40, on tr%e other Srpa @Q% f%rggﬁgt the meaggrin%goint P1 near the

m nectic ra ngld m@&p I S ma etlc
magnet 19, intermedlaliieqmeasuriﬁg poin B; , and measuring bom‘??’%cfarthest from the magnet were

3,000, 2,100, and 1,100 gaussyrespectivelynnthecaseaf this example thg magnreticforce of only
about 20% of 10that obtained at the point near the magnet 19 was able to be obtained at the position
farthest from the magmey 19¢setiratthe dnagneticifordeswariediconsiterablys without

departing from the spirit of the present invention.




In a case where the nonmagnetic mesh members 35 and 36 are formed of a anetic material, such as
iron, 15the magnetic forces obtained at positions far from the magnet 19 are further redéicetl, ise that
the filtration accuracy is poor. In order to obtain a desired filtration performance, in is necessary to
dispose the magnetism intensification plateon the end portion 200f each filter media unit 12 and use a
nonmagnetic material for at least the lower nonmagnetic mesh member 36. Industrial Lpplicability A
filtration device of the present invention can 25purify various fluids. It is to be understood, in carrying
out the present invention, that the components CE tlAe {”twti n device, including the filter tank, 20
magnetic granular filter media, magnets, nonmagnetic mesh members, magnetism intensification

plates, etc., may be.embadied in suitakly naedified forms) withew depatdng from the spirit of the
present invention.

a filter tank (11) into which a contaminated fluid
containing fine particles to be removed is introduced;

first and second magnets (19a, 19b) arranged
horizontally spaced apart from each other in the filter
tank (11); and

first and second filter media units (12a, 12b)
arranged horizontally adjacent to each other between the
first and second magnets (19a, 19b), and being applied
magnetic fields by the magnets (19a, 19b),

each of the first and second filter media units (12a,
12b) including a filter media accommodation case (30) and a
large number of magnetic granular filter media (31) of a
magnetic material contained in the filter media
accommodation case (30},

the magnets (19a, 19b) being movable with respect to
the filter media units (12a, 12b) between a first position
and a second position and configured to apply the magnetic
field to the magnetic granular filter media (31), thereby
causing the magnetic granular filter media (31) to
magnetically attract and fix one another, when in the first
position and to cancel the magnetic attraction between the
magnetic granular filter media (31) when in the second
position,

the filter media accommodation case (30) of the first

filter media unit (12a) including a first nonmagnetic mesh




21 CLAIMS 1. A filtration device (10) comprising:  a filter tank (11) into which a contaminated fluid
containing fine particles to be removed is introduced; first and second magnets (19a,;\%L,9b -
arranged horizontally spaced apart from each other in the filter tank (11); and first and Ségfé)hd filter
media units (12a, 12b) arranged horizontally adjacent to each other between the first and second
magnets (19a, 19b), and being applied magnetic figlds by the magnets (19a, 19b), each of the first
and second filter media units (12a, 12b) including a filter media accommodation case (30) and a large

number of magnetic gr ar filter media (31) of a ma I¢ material.cantaj i ilfer media
ac_commodaﬁné%ﬁn %aesre (gggl! ‘O%tthg rﬁgélrrlne%g f%é{‘,clé%%%gegggg}n’ov%%fé%vqt%ggsgpﬁ% ft&hiiger filter media
units (12a, 12h)hetweena first pasitien and.a seeond position and cesfiguresiapplythermagnetic
field to the magnetic granular filter media (31), thereby causing the magnetic granular filter media (31)
to magneticatly attiact @hdtfixcondanether, Ivlken tihthefirst pdsitén ahe te eahed thé Aragnetic

attraction between the magnetic granular filter media (31) when in the second positipn the filter
media accon%&d&idﬁc&?@@kiqo? théhirdt ﬁltg}ar%léaf(algmt H%ﬁ?ﬁ&f&iﬁﬁ%ﬁi@& ﬁ(])(‘)r?r{f’]%gnetic mesh

M0 22 (40) formed of a magnetic material and provided on an end
portion of the first nonmagnetic mesh member (36),

the filter media accommodation case (30) of the second
filter media unit (12b) including a second nonmagnetic mesh
member (36) of a nonmagnetic material, which supports the
magnetic granular filter media (31) and has a large number
of circulation holes (36a) through which the contaminated
fluid is passable, and a magnetism intensification plate
(40) formed of a magnetic material and provided on an end
portion of the second nonmagnetic mesh member (36), and

the magnetism intensification plates (40) being
configured to be located between the first and second
magnets (19a, 19b) when the magnets (19a, 19b) are in the
first position.

2. A filtration device (10) according to claim 1,
wherein each of the nonmagnetic mesh members (36) is formed
of a nonmagnetic flat stainless-steel plate, in which the
large number of circulation holes (36a) with an opening
width smaller than the diameter of the magnetic granular
filter media (31) are formed.

3. A filtration device (10) according to claim 1 or
2, wherein a frame member (37) formed of a nonmagnetic

material is disposed around the nonmagnetic mesh member




member (36) of a nonmagnetic material, which supports the magnetic granular filter media (31) and
has a large number of circulation holes (36a) through which the contaminated fluid is passable, and a
magnetism intensification plate (40) formed of a magnetic material and provided on an end bﬁhﬁtﬁn of
the first nonmagnetic mesh member (36), the filter media accommodation case (30) of the second
filter media unit (12b) including a second nonmagngtic mesh member (36) of a nonmagnetic material,
which supports the magnetic granular filter media (31) and has a large number of circulation holes

(36a) through which the contaminated fluid is passable, ar%td a m%%netism intensification plate (40)

formed of a maghetid m&eETal dhd bFoviBET DA alérd poftion oftheé second nonmagnetic mesh
member (36), and , the;magnetsy jfengification plates (Q) being canfigyred ta-bedecated
between the first and second magnets (19a, 19b) when the magnets (19a, 19b) are in the first position.
2. Afiltration dewise {@haccording to claim 1, wherein each of the nonmagnetic mesh members (36)
is formed of a nonmagnetic flat stainless-steel plate, in which the large number of circulation holes

(36a) with an openiriy Witk SnfalieE Brari g idaiteier ofthe mdgieticstaRGiar ikér media (31) are
formed. 3, A filtration device (10),according to claim 1 or 2, wherein a frame ber (37) formed
of a nonmagr%elti%sr%afléar%ﬁl?s%dizécj?s%d &itin g%ﬁe Srlloénﬁ%vfg%gétié\ﬁrlr?g h %%mEbeer ﬁ‘%(?g)gof each filter
media unit (12a,,12b); 1 ,4. Afiltration device according to claim 3, further comprising: a third filter
media unit (12c) located between the first magnet (19a) and one sidewall (11a) of the filter tank (11),

a magnetism intensificatiom plates (40) rof ¢hes third-filteranediaairt (128) beihgrhagridticadly connected
to the one sidewall (11a), a fourth filter media unit (12d) located between the second ma?net (19b)

and the otherfsiddall FEb)f tie filter tafk (PH AAd™2 IBEhhGRcts FBRSIAESb Platd {40) of the
fourth filter mggig usr}thd 1%92 Peippﬂ?gnetically connected to the other sidewall (11b).

a fourth filter media unit (12d) located between the
second magnet (19b) and the other sidewall (11lb) of the
filter tank (11), and

a magnetism intensification plate (40) of the fourth
filter media unit (12d) being magnetically connected to the

other sidewall (11lb).



