DESCRI PTI ON

FI LTERI NG DEVI CE AND FLU D PURI FI CATI ON SYSTEM

Technical Field
[ 0001]

The present inventionrelatestoafilter deviceandafluid
purification system which renove mnute matters such as fine
powdery dust contained in a fluid, foreign matters and ot her
matters mxed in a fluid, contam nants, and | i ght waste such as
t hreadl i ke waste and fi brous waste.

Background Art
[ 0002]

For exanple, in a nmachining apparatus, cutting work is
performed while supplying a cutting fluid froma supply tank,
andthecuttingfluidcontainsmnutenmatters suchas fine powdery
cutting waste, foreign matters, matters m xed therein, and
cont am nant s.

[ 0003]

When the cutting fluid containing the mnute matters is
suppliedtoafilter device, +tthefilter devicerenovesthemnute
matters and then returns the cutting fluid into the supply tank
(e.g., refer to Patent Literature 1).

Citation List
Patent Literature
[ 0004]

Patent Literature 1: JP 2001-137743 A



Summary of Invention
Techni cal Probl em
[ 0005]

Exanpl es of the above filter device include afilter device
whi ch catches mnute matters on a filter nenbrane to renove the
mnute matters or renoves the mnute matters by precipitation.
However, the filter menbrane may be clogged, and if the filter
menbrane is clogged, the filter menbrane should be cl eaned by
flowngacleaningliquidinadirectionoppositetothefiltering
direction, or the filter device shoul d be di sassenbl ed to cl ean
the filter nenbrane.

[ 0006]

For exanple, inthe filter device whose filter nenbrane is
cl eaned by flowingthe cleaning liquidinthe direction opposite
tothe filteringdirection, it isdifficult tocleanthe filter
menbrane sufficiently, and to make matters worse, cleaning
operationwhi chrequires di sassenblingthefilter devicetoclean
the filter nmenbrane is troublesone. |If the filter nmenbrane is
used repeatedly, thefiltering accuracy i s nostly deteri orated,
sothat thefilter nenbraneis |ikely to be clogged. Therefore,
nmost filter menbranes are disposable filter nmenbranes, thus
increasing in cost.

[ 0007]
In a filter device which renbves mnute matters using a

centrifugal separator or thelike, |ight waste such as threadlike



wast e and fi brous waste often fails to be renoved, and there is
a problemthat al gae grow after cl eaning.
[ 0008]

In view of the above circunstances, an object of this
inventionistoprovideafilter device and a fluid purification
systemwhi ch can reliably renove m nute matters, can be cl eaned

in a sinple manner instead of being replaced, and are | ow cost.

Sol ution to Probl em
[ 0009]

I n order to sol ve the above probl emand achi eve t he obj ect,
the present invention is constituted as foll ows.
[ 0010]

The i nvention describedinclaimlis afilter device which
filters aliquidto renove mnute matters mxed in the |liquid.
The filter deviceincludes afiltering chanber for filteringthe
liquid. Inthefilter device, aplurality of filter pieces are
storedinthe filtering chanber, the plurality of filter pieces
are accunul atedtofilter theliquid, andtheplurality of filter
pi eces are dispersed to be cleaned.

[ 0011]

The invention described in claim2 is the filter device
according to claim1l1 characterized in that in the filtering
chanber, avoluneof afilteringportionfor storingtheplurality
of filter pieces is variable between a filtering state and a

cl eaning state, the volune of the filtering portion is brought



intothe filtering state to accunulate the plurality of filter
pi eces and, thus, to filter the liquid, and the volune of the
filteringportionisenlargedintothecleaningstatetodisperse
the plurality of filter pieces and, thus, to allow cl eani ng of
the plurality of filter pieces.

[0012]

The i nvention accordingtoclaim3is afilter device which
filters aliquidto renove mnute matters mxed in the |liquid.
The filter deviceincludes afiltering chanber for filteringthe
liquid. In the filter device, the filtering chanber has a
filtering portion in which a plurality of filter pieces are
accunul ated to filter the liquid and a cl eaning portionin which
the plurality of filter pieces are di spersed to be cl eaned and
i ncl udes novi ng neans whi ch noves the plurality of filter pieces
between the filtering portion and the cleaning portion.

[ 0013]

The invention according to claim4 is the filter device
according to any one of clainms 1 to 3, which includes stirring
means whi ch performs stirringwhentheplurality of filter pieces
are di spersed to be cl eaned.

[ 0014]

The invention according to claim5 is a fluid purification
system whi ch includes a centrifugal separator which separates
mnute matters, contained in a fluid, by centrifugal force and
the filter device according to any one of clains 1 to 4 which

is arranged at the post stage of the centrifugal separator. 1In



the fluid purification system the filter device renoves

remai ni ng m nute matters separated by t he centri fugal separator.

Advant ageous Effects of Invention
[ 0015]

According to the above constitutions, thisinvention hasthe
foll ow ng effects.
[ 0016]

Intheinventiondescribedinclaiml, theliquidflows into
the filtering chanber to accunul ate the filter pieces and, thus,
to filter the liquid, and the liquid flows into the filtering
chanber to disperse and clean the filter pieces. After the
conpl etion of the cleaning, theliquidflows intothe filtering
chanber to accunul ate the filter pieces and, thus, to be al |l owed
to be filtered. Consequently, the filter pieces can be easily
reused wit hout disassenbly or replacenent.

[0017]

In the invention described in claim2, the volunme of the
filtering portion is brought into the filtering state to
accunul ate the filter pieces and, thus, to filter the |iquid,
and the volune of the filtering portion is enlarged into the
cleaning state to dispersethe filter pieces and, thus, to all ow
cleaning of thefilter pieces. Sincethevolunmeof thefiltering
portionisvariable, thefilteringof theliquidandthe cleaning
of the filter pieces can be achi eved si nul taneously, so that the

filter pieces can be easily reused w thout disassenbly or



repl acenent.
[ 0018]

Intheinventiondescribedinclaim3, thefiltering chanber
has the filtering portion in which the filter pieces are
accunul atedtofilter theliquidandthecleaningportioninwhich
the filter pieces are dispersed to be cleaned, and the filter
pi eces are noved between the filtering portion and t he cl eani ng
portion to allowthe filtering of the liquid and the cl eani ng
of the filter pieces, so that the filter pieces can be easily
reused wit hout disassenbly or replacenent.

[ 0019]

Intheinventiondescribedinclaim4, stirringis perforned
whenthefilter pieces aredispersedtobecleaned, andthefilter
pi eces can be effectively cleaned by this stirring.

[ 0020]

In the invention described in claim5, the mnute matters
containedinthefluidare separatedbythe centrifugal separator,
and the remaining mnute matters separated by the centrifugal
separator are renoved by the filter device accordi ng to any one
of claimse 1 to 4 which is arranged at the post stage of the
centrifugal separator, wherebythem nutematters canbereliably

r enoved

Brief Description of Draw ngs
[ 0021]

Fig. lisaviewshowingafilter device accordingto afirst



enbodi ment of the present invention.

Fig. 2isaviewshowingafilter device accordingtoasecond
enbodi ment of the present invention.

Fig. 3isaviewshowingafilter device accordingtoathird
enbodi ment of the present invention.

Fig. 4isaviewshowingafilter device accordingtoafourth
enbodi ment of the present invention.

Fig. 5isaviewshowingafilter device accordingtoafifth
enbodi ment of the present invention.

Fig. 6isaviewshowingafilter device accordingto a sixth
enbodi mrent of the present invention.

Fig. 7is aviewshowing afluid purification systemof the
first enbodi ment.

Fig. 8is aviewshowing afluid purification systemof the
second enbodi nent.

Fig. 9is aviewshowing afluid purification systemof the

third enmbodi ment.

Description of Enbodi nents
[ 0022]

Hereinafter, enbodinents of a filter device and fluid
purification systemof this inventionw]l| be described. Those
enbodi ment s showt he nost preferredenbodi nents of theinvention,
and the invention is not limted to those enbodi nents.

[ 0023]

The filter device and the fluid purification systemof this



invention are used inrenoval of mnute matters containedinraw
materials and other fluids for nedicines, chemcals, foods,
beverages, in renoval of mnute matters such as cutting powders
contained in cutting fluids for vehicles, precision equipnent,
machi ne tool s, and processing industries, in renoval of mnute
matters contained in circulati ng water and waste water in each
factory, water treatnment, or the like, in renoval of mnute
matters such as inpurities contained in a fluid used in a
sem conduct or and bi ot echnol ogy, andinrenoval of mnutematters
as foreign matters contained in a fluid such as washi ng wat er
andasolvent. Thus, thefilter deviceandthefluidpurification
systemare wi del y used when cat chi ng and renoving m nute natters
contained in liquids and gas fl uids.

[0024] [Filter Device]

(First Enbodi nment)

Afilter device of this enbodinent will be described based
onFig. 1. Fig. 1(a) showsafilteringstateof thefilter device,
and Fig. 1(b) shows a cleaning state of the filter device.

[ 0025]

Afilter device 50 of this enbodinent filters aliquid to
remove minutemattersmxedintheliquid. Inthisfilter device
50, adevice body 10includes afilteringchanber 11for filtering
aliquid. Thefiltering chanber 11 is provided with nesh pl ates
13aand 13b, andapluralityof filter pieces 12 are stored bet ween
t he nesh pl ates 13a and 13b. Thefilteringchanber 11is arranged

ina flowpassage 1 through which aliquid flows. Although the



filtering chanber 11 filters a liquid flowing fromone flow
passage la to the other flow passage 1b, the filtering chanber
11 may filter theliquidflowng fromthe fl owpassage 1b to the
fl ow passage la, and the liquid may flowfromeither of the flow
passages la and 1b. The filter pieces 12 are accunulated into
a mass by a pressure of the flowwng liquid, and the liquid is
filteredbytheaccunulatedfilter pieces 12to capture andrenove
mnute matters (Fig. 1(a)).

[ 0026]

Inthefilter device 50, althoughaliquidisfilteredthrough
thefilter piecesl12torenovemnute matters mxedintheliquid,
cl oggi ng may occur because the mnute matters are caught and
removed by the filter pieces 12. Thus, for exanple, the liquid
flows fromthe fl ow passages la to the fl ow passage 1b, or the
liquid flows fromthe fl ow passages 1b to the fl ow passage la,
andtheliquidflows fromany of the fl owpassages la and 1b under
such a pressure that the accumul ated filter pieces 12 are
di spersed. This constitution allows the accunulated filter
pi eces 12 to be di spersed and cleaned in the filtering chanber
11 by the pressure of theflowingliquid(Fig. 1(b)). Theliquid
for dispersing and cleaning the accunulated filter pieces 12
includes a cleaning liquid mxed with chem cals, tap water,
filtrate, purified water, and steam The accunulated filter
pi eces 12 may be not only cl eaned but also sterilized or
heat-treated with steamor the Iike.

[ 0027]



As described above, although the liquid flows into the
filtering chanber 11 at a predeterm ned pressure to accumul ate
thefilter pieces 12and, thus, tobefiltered, duringthecleaning
of the filter pieces 12, the liquid flows into the filtering
chanber 11 at alowpressuredifferent fromthat duringfiltering
todisperseandcleanthefilter pieces 12. After the conpletion
of the cleaning, theliquid flows intothe filtering chanber 11
at a predeterm ned chanber to accunul ate the filter pieces 12
and, thus, tobeallowedtobefiltered, sothat thefilter pieces
12 can be easily reused w thout disassenbly or replacenent.
[0028] <Filter Pieces>

Al t hough the filter pieces have a granul ar shape, they may
have any shape, such as a pebbl e shape, a smal | spherical shape,
acotton-1ike shape, or apl ate-1i ke shape, and al t hough t he si ze
is preferably 0.1 cn?fto5cn?, nolimtations in particular are
i nposed.

[ 0029]

An aver age por e di aneter of am croporous filtrati onnmenbrane
used for the filter pieces may be in a range of from0.01 umor
nore and 10 umor less. Preferred is 0.45 uymor nore and 3 um
or less, and nore preferredis 0.45 uymor |less. Alternatively,
preferredis 0.02 umor nore and 0. 2 umor | ess, and nost preferred
is 0.02 wumor nore and 0.1 um or | ess.

[ 0030]
A mcroporous filtration nmenbrane having an average pore

di aneter of 0.45 umor nore and 3 uymor less is often used for
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applications of filtering raw materials and other fluids for
medi ci nes, chem cals, foods, beverages, and a m croporous
filtration nmenbrane having an average pore di aneter of 0.02 um
or nore and 8.0 umor less is particularly suitable for fluid
filteringapplicationfor cuttingfluidsfor vehicles, precision
equi pnent, machi ne tool s, and processingindustries. Meanwhile,
am croporous filtrationnmenbrane havi ng an aver age por e di anet er
of 0. 45 umor nore and 5 umor lessisoftenusedfor fluidfiltering
applicationfor circul ati ng wat er and waste water i neach factory,
water treatnent, or the like, and a mcroporous filtration
menbr ane havi ng an average pore di anmeter of 0.02 umor nore and
0.2 umor less is particularly suitable for fluid filtering
application in a sem conductor and bi otechnol ogy. The hi gher
the integration | evel of a sem conductor, the smaller the pore
di aneter of a nenbrane preferably used, and the pore di aneter
is nost preferably 0.02 umor nore and 0.1 um or |ess.

[ 0031]

Exanpl es of materials of the nenbrane i nclude fl uororesins
such as pol ytetrafl uoroet hyl ene and pol yvi nyl i dene fl uori de as
menbrane materials highly resistant to heat and chem cal s and
hardly eluted and pol ysul fone pol ynmers such as pol ysul f one,
pol yet her sul f one, and pol yphenyl enesul fone. Exanples of a
menbrane material highly resistant to chemi cals include a
pol yol ef i n menbrane such as pol yet hyl ene and pol ypropyl ene.

[ 0032] (Second Enbodi nent)

Afilter device of this enmbodi nent will be descri bed based

11



onFig. 2. Fig. 2(a) showsafilteringstateof thefilter device,
and Fig. 2(b) shows a cleaning state of the filter device.
[ 0033]

Al though afilter device 50 of this enbodinent i s constituted
simlarly to the first enbodi nent, sw tching val ves 2a and 2b
are arranged in fl ow passages la and 1b through which a |liquid
flows. The switchingvalves 2aand2bswitchtheflowof aliquid
between a filtering side and a cl eaning side. |If the sw tching
val ves 2a and 2b switches the flowof aliquidtothe filtering
side, theliquidis filtered by a plurality of filter pieces 12
accunul ated by flowng the liquid fromthe fl ow passage la into
afiltering chanber 11 (Fig. 2(a)). |If the switching valves 2a
and 2b switches the flowof theliquidto the cleaning side, the
liquid flows froma passage 1d into the filtering chanber 11 in
a direction opposite to a cleaning/filtering direction to
di sperse and clean the accunulated filter pieces 12 in the
filtering chanber 11 by the pressure of the flowing Iiquid, and
the liquid used for cleaning is discharged froma fl ow passage
lc (Fig. 2(b)). Theliquidflow ng fromthe passage 1d into the
filtering chanber 11 is acleaning liquid mxed w th chem cals,
tap water, filtrate, purified water, steam or the |ike. The
accunul ated filter pieces 12 may be not only cleaned but al so
sterilized or heat-treated with steamor the |ike.

[0034] (Third Enbodi nent)
Afilter device of this enbodinment will be described based

on Fig. 3. Fig. 3(a) is a viewin which the third enbodi nent
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isappliedtothefilter device of thefirst enbodi nent, and Fi g.
3(b) isaviewin which the third enbodinment is applied to the
filter device of the second enbodi nent.
[ 0035]

I n the enbodi ment showninFig. 3(a), stirring neans 20 whi ch
perfornms stirring when a plurality of filter pieces 12 are
di spersed to be cleaned is provided. The stirring nmeans 20 is
mechanically configured by a stirrer and stirs a liquid in a
filtering chanber 11 to dispersethefilter pieces 12 and, thus,
toall oweffectivecleaningof thefilter pieces12. Thestirring
means 20 is constituted of an injector injecting a liquid and
may inject theliquidintothe filtering chanber 11 to stir the
liquid, or the stirring means 20 is constituted of an ultrasonic
oscillator oscillating ultrasonic waves and rmay oscillate
ultrasonic waves into the filtering chanber 11 to give
oscillation and, thus, to stir the liquid. In the enbodi nent
shown in Fig. 3(b), in additionto flowwng the liquid into the
filtering chanber 11, switching valves 2a and 2b are closed to
storetheliquidinthe filtering chanber 11 and, thus, to stir
the liquid and thereby clean the filter pieces 12, whereby a
dr ai nage may be di schar ged.
[ 0036] (Fourth Enbodi nent)

Afilter device of this enbodinment will be described based
onFig. 4. Fig. 4(a) showsafilteringstateof thefilter device,
and Fig. 4(b) shows a cleaning state of the filter device.

[ 0037]

13



Inafilter device 50 of this enbodi nent, a device body 10
includes a filtering chanber 21 for filteringaliquid. Inthe
filtering chanber 21, the volune of a filtering portion 22 in
which a plurality of filter pieces 12 are stored is variable
between the filtering state and the cl eaning state by vol une
vari abl e nmeans 23.

[ 0038]

The vol une vari abl e neans 23 has a novabl e pl ate 23a and an
operation shaft 23b noving the novabl e plate 23a. The novabl e
pl ate 23ais a nesh pl ate havi ng many snmal| pores and i s arranged
nmovably in the filtering chanber 21. The operation shaft 23b
is provided to be novabl e in an axial direction of the filtering
chanber 21 by its rotation, and afront end of the operati on shaft
23b is rotatably connected to the novable plate 23a. The
operation shaft 23b is rotated manual ly or by drive nmeans such
as a notor.

[ 0039]

When t he operation shaft 23b i s operated, the novable plate
23a brings the volunme of the filtering portion 22 into the
filtering state to accunul ate the filter pieces 12 and, thus,
toflowaliquidinthefilteringdirectionfroman upstreamfl|ow
passage la. The liquid flows through the filtering portion 22
to be filtered by the accunul ated filter pieces 12, and mnute
matters are caught and renoved by the filter pieces 12 and then
delivered t hrough a dowmnstreamf| ow passage 1b (Fig. 4(a)). 1In

t hi s enbodi nent, when the operation shaft 23b i s operated, the
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novabl e pl ate 23a changes the volunme of the filtering portion
22, andt hi svol une change changesthefilter density of thefilter
pi eces 12. The filter density of the filter pieces 12 can be
t hus controll ed.

[ 0040]

When t he operation shaft 23b i s operated, the novable plate
23a enlarges the volune of the filtering portion 22 into the
cl eaning state to disperse the filter pieces 12 and, thus, to
flowtheliquidfromthe downstreamfl owpassage lbinadirection
oppositetothecleaning/filteringdirection. Accordingtothis
constitutions, the dispersed filter pieces 12 are cl eaned (Fig.
4(b)).

[ 0041]

As descri bed above, the volune of the filtering portion 22
is brought into the filtering state to accunulate the filter
pi eces 12 and, thus, toallowfilteringof aliquid, or thevol une
of the filtering portion 22 is enlarged into the cleaning state
to disperse the filter pieces 12 and, thus, to allow cl eaning
of thefilter pieces. Nanely, since the volunme of the filtering
portion 22 is variable, the filtering of the liquid and the
cl eaning of thefilter pieces 12 can be achi eved si nul t aneousl vy,
andthefilter pieces 12 can be easily reused wi t hout di sassenbly
or replacenent.

[0042] (Fifth Enmbodi nment)
Afilter device of this enbodinment will be described based

on Fig. 5. Figs. 5(a) to 5(c) are views in which the fifth
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enbodi nent is applied to the filter device of the fourth
enbodi nent .
[ 0043]

Thi s enbodi nent is appliedtothefilter device of the fourth
enbodi ment, and stirring neans 20 whi ch perforns stirring when
aplurality of filter pieces 12 are dispersed to be cleaned is
provi ded. The stirring means 20 i s constituted of an injector
injectingaliquidandinjectstheliquidintoafilteringportion
22 tostir theliquid. Alternatively, the stirring neans 20 is
constituted of an ultrasonic oscillator oscillating ultrasonic
waves and may oscillate ultrasonic waves into the filtering
portion 22 to give oscillation and, thus, to stir the liquid.
[ 0044]

In the enbodi nent shown in Fig. 5(a), when the liquid is
filtered, swtching valves 2a and 2b are opened to switch the
flowof aliquidtoafiltering side, andthe liquid flows into
afilteringchanber 11tobefilteredbyapluralityof accunul ated
filter pieces 12. Meanwhile, when the filter pieces 12 are
cleaned, the liquidis stored inthe filtering chanber 11, and
the switching val ves 2a and 2b are closed to switch the fl ow of
theliquidtoacleaningside. Then, theliquidisstirredwhile
remai ning storedinthefiltering chanber 11, whereby the filter
pi eces 12 are cleaned. Wen a drainage is discharged, the
switching valve 2a is closed to switch the flow of the liquid
to a discharge side, and the switching valve 2b is then opened

to di scharge the drainage to the discharge side.
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[ 0045]

Al t hough t he enbodi ment shown in Fig. 5(b) is constituted
simlarly to the enbodi nrent shown in Fig. 5(a), whenthe filter
pi eces 12 are cleaned, while the switching valve 2b is cl osed
toswitchtheflowof aliquidtothe cleaningside, theswtching
val ve 2ai s openedtoswitchtheflowof theliquidtothecleaning
side, and a cleaning liquid mxed with chem cals, tap water,
filtrate, purifiedwater, or steamis suppliedintothefiltering
chanber 11 to be stirred and, thus, to clean the filter pieces
12. The filter pieces 12 may be not only cleaned but al so
sterilized or heat-treated with steamor the |like. Wen a
drai nage i s di scharged, while the swtching valve 2a is closed
to switch the flow of the liquid to the discharge side, the
switching valve 2b is opened to switch the flow of the liquid
to the discharge side, whereby the drainage is discharged.

[ 0046]

The enbodi nent shown in Fig. 5(c) is constituted simlarly
tothe enbodi ment showmninFig. 5(a), andwhenaliquidisfiltered,
the switching val ves 2a and 2b are opened to switch the fl ow of
the liquidto the filtering side and, thus, to flowthe liquid
into the filtering chanber 11, whereby the liquid is filtered
by the accunul ated filter pieces 12. At this tine, a resultant
filtrateis storedinacleaningliquidtank 90. Wenthefilter
pi eces 12 are cleaned, while the switching valve 2b is cl osed
toswtchtheflowtheliquidtothe cleaningside, the swtching

val ve 2a is opened to flowthe liquid to the cl eaning side, and
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theliquidissuppliedintothefilteringchanber 11tobestirred
and, thus, to clean the filter pieces 12. At the end of the
cleaning, the filtrate storedinthe cleaning liquidtank 90 is
stirred while flowing. Wen a drainage is discharged, the
swi tching valve 2b is opened toswitch the flowto the di scharge
side and, thus, to discharge the drai nage.

[0047] (Sixth Enbodi nent)

Afilter device of this enbodinment will be described based
on Figs. 6(a) to 6(c). Although the enbodi ment shown in Fig.
6(a) isconstitutedsimlarlytothefourthenbodi nent, acentral
portion 13a of a mesh plate 13 is formed into a col umar shape
to increase a surface area of the nesh plate 13. Afiltration
areaof aplurality of filter pieces 12 is enlarged by i ncreasi ng
the surface area of the nesh plate 13.

[ 0048]

In Fig. 6(b), a device body 10 is configured so that a
cylindrical case 24 is provided in a filtering chanber 21, and
a portion 24a of the cylindrical case 24, which is located in
the filtering chanber 21, is mesh. A novable plate 23a is
provi ded novably in the cylindrical case 24, and t he portion 24a
of the cylindrical case 24, which is located in the filtering
chanber 21, is nesh, whereby the filtration area of the filter
pieces 12 is enlarged. Wen a drainage is discharged, the
drai nage after cl eaningi s di schargedthrough adi schar ge passage
1f by opening a switching valve 2c.

[ 0049]
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Al t hough the enbodi nent shown in Fig. 6(c) is constituted
simlarly tothe enbodi nrent shownin Fig. 6(b), a bottomportion
of the portion 24a of the cylindrical case 24, which is | ocated
inthe filtering chanber 21, is recessed inward in a col umar
shape, and the portion 24a of the cylindrical case 24, whichis
|ocated in the filtering chanber 21, is nesh, whereby the
filtration area of the filter pieces 12 is enl arged.

[0050] [Fluid Purification Systeni
(First Enbodi nment)

A fluid purification systemof this enbodinment wll be
descri bed based on Fig. 7. In this enbodinent, a centrifuga
separ at or 60 whi ch separates mnute matters, containedinafluid,
by centrifugal force and afilter device 50 arranged at the post
stage of the centrifugal separator 60 are provided.

[ 0051]

Inthecentrifugal separator 60, aliquidflows fromaninflow
port 61, andtheliquidcontains mnutemtters. Wentheliquid
flows into the centrifugal separator 60 at a predeterm ned fl ow
rate, avortexistherebyfornedtonovethemnutemtters outward
in a centrifugal state. The speed of the vortex is reduced
outside to settle the separated m nute matters, and t he settl ed
mnute matters are taken froma di scharge pi pe 63 by openi ng a
di scharge val ve 62.

[ 0052]
The liquid in the centrifugal separator 60 is sent to the

filter device50tobefilteredbythefilter device 50 and, thus,
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to renove remai ning mnute matters separated by the centrifuga
separator 60, whereby the liquid flows through an outfl ow port
64. The remaining mnute matters separated by the centrifuga
separator 60 are renoved, whereby the m nute matters can be nore
reliably renoved.
[ 0053]

In the filter device 50 of this enbodi nent, a device body
10 includes a filtering chanber 30 for filtering a liquid, and
the filtering chanber 30 has a portion 31 in which a plurality
of filter pieces 12 are accunulated to filter a liquid and a
portion 32 in which the filter pieces 12 are dispersed to be
cleaned. VWhile the filtering portion 31 has a small-di aneter
cylindrical shape, the cl eaning portion 32 has a |l arger di aneter
cylindrical shape than the filtering portion 31, and a bottom
portion of the cleaning portion 32 is continuous wth the
filtering portion 31 through ataper. The filtering portion 31
is formed into a nmesh tubul ar shape.
[ 0054]

Between the filtering portion 31 and the cl eaning portion
32, nmoving means 33 noving the filter pieces 12 is provided, and
t he novi ng neans 33 has a first noving nechani sm34 and a second
nmovi ng nmechani sm 35. The first noving nmechanism 34 is
constitutedof anmeshpl ate 34a, a hol di ng shaft 34b, and adri vi ng
mechani sm 34c, and a front end of the holding shaft 34b is
connectedtoacentral portionof the nesh plate 34a. The hol di ng

shaft 34b is driven by the driving nmechani sm34c, and the nesh
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plate 34a is noved along the filtering portion 31 (Fig. 7(b)).
[ 0055]

The second novi ng nechani sm35 i s constituted of aneshplate
35a, a hol di ng shaft 35b, and a dri vi ng mechani sm35c, and a front
end of the holding shaft 35b is connected to an outer
circunferential portionof themeshplate 35a. The hol di ngshaft
35b is driven by the driving nmechani sm35c, and the nmesh pl ate
35a i s noved between the filtering portion 31 and the cl eani ng
portion 32.

[ 0056]

Inthefilter device 50 of this enbodinent, thefilter pieces
12 are accunulated inthe filtering portion 31 of the filtering
chanber 30 by the nmesh plates 34a and 35a, and a liquid fl ows
inafiltering direction through an upstreamfl ow passage la.
The liquid is filtered by the accunul ated filter pieces 12 to
catch and renove m nute matters and, thus, to deliver the mnute
matters through a downstream fl ow passage 1b (Fig. 7(a)).

[ 0057]

In the filter device 50, although a liquid is filtered by
thefilter piecesl12torenovemnute mtters mxedintheliquid,
cl oggi ng may occur because the mnute nmatters are caught and
renmoved by thefilter pieces12. Thus, thefirst novi ngnmechani sm
34 and t he second novi ng nechani sm35 are driven, and the filter
pi eces 12 accunul ated by the nesh pl ates 34a and 35a nove from

the filtering portion 31 toward the cleaning portion 32 (Fig.

7(b)).
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[ 0058]

If the filter pieces 12 accunul ated by the nesh pl ates 34a
and 35anove fromthefiltering portion31tothe cleaningportion
32, the filter pieces 12 are dispersed in the cl eaning portion
32. If aliquidflowsintothe filtering chanber 30 t hrough t he
downstream fl ow passage 1b in this state, the filter pieces 12
are cl eaned to di scharge the I'iquid used inthe cl eaning through
t he downstream fl ow passage 1b (Fig. 7(c)). Wen the filter
pi eces 12 are cl eaned, aliquidmy be stirred by stirring neans.
As the stirring neans, astirrer, aninjector injectingaliaquid,
or anultrasonicoscillator oscillatingultrasonicwavesis used,
for exanple.

[ 0059]

After the conpletion of the cleaning of the filter pieces
12, the first noving nmechanism34 is first driven to nove the
mesh pl ate 34a fromthe cl eani ng portion 32 toward the filtering
portion 31. The nmovenent of the nesh plate 34a allows the
di spersed filter pieces 12 to nove to the filtering portion 31
(Fig. 7(d)).

[ 0060]

When the filter pieces 12 nove fromthe cl eani ng portion 32
toward the filtering portion 31 to di sappear fromthe cl eani ng
portion 32, the second novi ng nechanism35 is driven to nove t he
mesh pl ate 35a fromthe cl eani ng portion 32 toward the filtering
portion 31. The novenent of the nesh plate 35a allows the

di spersed filter pieces 12to novetothe filtering portion 31,
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and the filter pieces 12 are accunul ated by the nesh pl ates 34a
and 35a (Fig. 7(e)). Then, a liquid flows in the filtering
direction through the upstream fl ow passage la, whereby the
liquidcanbe filtered by the accunul ated filter pieces 12 (Fig.
7(a)).

[ 0061]

As descri bed above, the filtering chanber 30 has t he portion
3linwhichthefilter pieces 12 are accunulatedtofilter aliquid
and the portion 32 in which the filter pieces 12 are di spersed
to be cleaned, and the filter pieces 12 are noved between the
filtering portion 31 and the cl eaning portion 32 to allow the
filtering of the liquid and the cleaning of the filter pieces,
so that the filter pieces 12 can be easily reused w thout
di sassenbly or replacenent.

[ 0062] (Second Enbodi nent)

A fluid purification systemof this enbodinment will be
descri bed based on Fig. 8. In this enbodi nent, a centrifuga
separat or 60 whi ch separates mi nute matters, containedinafluid,
by centrifugal force and afilter device 50 arranged at the post
stage of the centrifugal separator 60 are provided. As this
filter device 50, any of thefilter devices of thefirst tosixth
enbodi ments is used. The filter device 50 renoves renaining
mnute matters separated by the centrifugal separator 60. 1In
t he enbodi nent shown in Fig. 8(a), the centrifugal separator 60
and the filter device 50 are connected through a pipe, and in

t he enbodi nent shown in Fig. 8(b), a filtering portion of the
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filter device 50 is arranged in the centrifugal separator 60.
[ 0063]

Inthecentrifugal separator 60, aliquidflows fromaninflow
port 66, andtheliquidcontains mnutematters. Wentheliquid
flows into the centrifugal separator 60 at a predeterm ned fl ow
rate, avortexistherebyfornedtonovethemnutemtters outward
in a centrifugal state. The speed of the vortex is reduced
outsidetosettlethe separated mnute matters. The liquid used
for separatingthemnutemattersissent intoafilteringchanber
of thefilter device 50. The renmaining mnute matters separ at ed
by the centrifugal separator 60 are renoved by the filter device
50, whereby the m nute matters can be norereliablyrenoved. The
centrifugal separator 60 has in its |ower portion a discharge
pi pe 68. The di scharge pi pe 68i s provi dedw th adischarge val ve
69, and t he di scharge val ve 69 i s opened to di scharge the settl ed
mnute matters. The structure of the centrifugal separator 60
is not limted to this enbodi nent and nay have a structure of
a common centrifugal separator.

[0064] (Third Enbodi nent)

A fluid purification systemof this enbodinment wll be
descri bed based on Fig. 9. Although this enbodinent is
constituted simlarly to the first enbodi nent, a centrifugal
separator 60 and a filter device 50 are fornmed integrally, and
afiltering portiononaliquidinflowside of thefilter device
50is arranged inthe centrifugal separator 60. This enbodi nent

has such a sinple structure that a liquid used for separating
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mnute matters directly flows inside fromthe liquidinflowside
of thefilter device 50w th no pi pe, and remai ning m nute matters
separated by the centrifugal separator 60 are renoved by the
filter device 50. In this enbodi ment, although the filtering
portion on the liquid inflow side of the filter device 50 is
shortened so as not to be | ocated facing aninflowport 61, this
constitution is not limted thereto.

| ndustrial Applicability

[ 0065]

This i nvention can be appliedtoafilter deviceandafluid
purification systemwhich renove mnute matters such as fine
powdery dust contained in a fluid, foreign matters and ot her
matters mxed in a fluid, contam nants, and | i ght waste such as
t hreadl i ke waste and fi brous waste. The filter device and the
fluid purification systemcan reliably renove mnute matters,
can be cl eaned i n a si npl e manner i nstead of bei ng repl aced, and

are | ow cost.

Ref erence Signs Li st

[ 0066]

1 flow passage through which a liquid flows
la upstream fl ow passage

1b downstream fl ow passage

1c discharge fl ow passage

2 swtching val ve

10 device body
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11

12

13

20

21

22

23

filtering chanber
filter piece

mesh pl ate
stirring means
filtering chanber
filtering portion

vol une vari abl e neans

23a novabl e plate

23b operation shaft

30

31

32

33

34

35

50

60

filtering chanber
filtering portion

cl eani ng portion

novi ng neans

first noving nmechani sm
second novi ng nmechani sm
filter device

centrifugal separator
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CLAI M5

1. Afilter device, which filters a liquid to renove m nute
matters mxed in the liquid, conprising:

a filtering chanber for filtering the liquid, wherein

a plurality of filter pieces are stored in the filtering
chanber,

the plurality of filter pieces are accunulatedtofilter the
[iquid, and

the plurality of filter pieces are dispersed to be cl eaned.

2. The filter device according to claim1, wherein in the
filtering chanber, a volunme of a filtering portion for storing
the plurality of filter pieces is variable between a filtering
state and a cl eaning state,

the volune of the filtering portion is brought into the
filteringstatetoaccunulatetheplurality of filter pieces and,
thus, to filter the liquid, and

the volune of the filtering portion is enlarged into the
cl eaning state to disperse the plurality of filter pieces and,

thus, to allow cleaning of the plurality of filter pieces.

3. Afilter device, which filters a liquid to renove m nute
matters mxed in the liquid, conprising:
a filtering chanber for filtering the liquid, wherein
the filtering chanber has

a filtering portion in which a plurality of filter pieces
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are accunul ated to filter the liquid and

a cleaning portionin which the plurality of filter pieces
are dispersed to be cl eaned and conpri ses

nmovi ng neans whi ch noves the plurality of filter pieces

between the filtering portion and the cleaning portion.

4. The filter device according to any one of clainms 1 to 3,
further conprising stirring neans which perforns stirring when

the plurality of filter pieces are dispersed to be cl eaned.

5. A fluid purification system conpri sing:

a centrifugal separator which separates mnute matters,
contained in a fluid, by centrifugal force; and

the filter device accordingto any one of clainms 1 to 4 which
is arranged at the post stage of the centrifugal separator,
wher ei n

thefilter devicerenoves remaining mnute matters separ at ed

by the centrifugal separator.
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