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111121121112121221121212112112111111 1 DESCRI PTI ON

FI LTRATI ON DEVI CE 5Technical Field Thepresent
invention relates to a filtration device for fi

a fluid containing matter to be renoved, such wmwmmwm
particles. Background Art 10A nmchine to

preci sion machi ning, for exanple, uses a flu|d45u6ﬁ5%§
a coolant for lubricating or cooling a part being
machi ned. As the work ce s chlne fine particles
such as swarf, carbong it% % wel T gs c%lps becone
mxed in the fluid of this 15type, so that the fluid
is gradually tainted and inevitably becones

contam nated. A filtrat dto filter
such a contam nat ed qu#SﬂT€§¥k8 ?on devi ce

di scl osed in Jpn. Pat. Appin. KOKAI Publlcat|on No.
11-77479 (Patent Docunent 1), for 20exanple, chips
produced by a machi ne topl-gre-ysediasqga filter

medi um The filtration device of Patent Docunent
1 descri beite appyeecaPi v €5t TBGNEE i Lréapts i 41 €51t hat ben
fluid by magneti zing the filter nmedium formed of chips
25bydereinns ©fr af S @niaigl.a SEheed cdbpsa @t indised: asr the be
filter medium however, the filtration precision

var i esnconsi dewadblas Simeepdateisiesaces of the chips
used as 11111111111F1

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 1is
machined, fine particles such as swarf, carbon, etc.,
as well as chips, become mixed in the fluid of this
type, so that the fluid is gradually tainted and
inevitably becomes contaminated. A filtration device
is used to filter such a contaminated fluid. 1In a
filtration device disclosed in Jpn. Pat. Appln. KOKAI
Publication No. 11-77479 (Patent Document 1), for
example, chips produced by a machine tool are used as a
filter medium.

The filtration device of Patent Document 1
described above captures magnetic impurities 1n the
fluid by magnetizing the filter medium formed of chips
by means of a solenoid. Since chips are used as the
filter medium, however, the filtration precision varies

considerably. Since the surfaces of the chips used as

l|II||||I|\|IIlllIIlllIIllI|Il|||||||||l
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*@00002* 2 the filter medium are very rough,
noreover, it is difficult to wash the filter nediumin
order to recover the filtration capability when the

filtration capability is reduced. Thus, there is a
probl em that 5the chips as the filter nmediumneed to
be replaced frequently. The inventor hereof has

devel oped a filtration device that uses a | arge nunber
of easily washabl e, spherical magnetic netal balls,
such-28% SHetr peadsim e 0 FY IR e diQFROYRC t hi 1S
fiItra;%on devi ce, these magnetic netal balls are

cau T rE ety $dbil i e RE Whothe? THST neansscover
of magnet. This filtrati.on device . is disclosed in

St el S e e At TS DbbT S 05706

(Pate ument  2). ., 15This filtration device has. hi

filts ?kgﬁflp%ryecl.%i %endua%“ it s{bf‘ﬁ t ST i Tt HRLem That

WaShﬁge V‘él“}) aas§t}é fflllttebrr '}Feddllﬂpl l‘f{getd Qécf ttgg “esplaced
filtration device using the magnetic meta all1
conpfises-@fd | ter medi um accommodati on case and a

| ar ge number ‘of 20magnetic netal balls contained in

the filterhdednaseonRdst s casg1dfed e Filteicion
mediumunit is contanminated to a certain degree, the

magnedv ccerettedt hadds of1dhe fridrerr redidus 1iny tvaaed 19,

be cleaned. In the filtration device described in

Pat esph®ooamkemadhetmic metal balls, such as steel balls, as
a filter medium. In this filtration device, these
magnetic metal balls are caused to attract and
immobilize one another by means of a magnet. This
filtration device 1is disclosed in Jpn. Pat. Appln.
KOKAI Publication No. 2007-105706 (Patent Document 2).
This filtratioﬁ device has high filtration precision
and its filter medium can be washed with ease.

A filter medium unit of the filtration device
using the magnetic metal balls comprises a filter
medium accommodation case and a large number of
magnetic metal balls contained in the filter medium
accommodation case. If the filter medium unit is
contaminated to a certain degree, the magnetic metal
balls of the filter medium unit need to be cleaned. In
the filtration device described in Patent Document 2, a
fluid (clean fluid) collected above the magnetic metal
balls is poured toward a processing tank between the

magnetic metal balls in a cleaning process. The
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25fluid (clean fluid) collected above the magnetic

nmetal balls is poured toward a processing tank between
the magnetic netal balls in a cleaning process. The 3
magnetic netal balls are cleaned by this clean fluid.

Sl udge and the like contained in the fluid poured into
the processing tank are renoved3by a processor such as

a separator. In sone cases, however, the magnetic

5netal balls may not be able to be fully cleaned by

onl yngzoarti ing e if |ha Id < ol deectlechredab ey tthel staghedi cEluid.
metal balls, so that there is roomfor further

i mproovetamtarich Wleadni g affecinedigeldsuriel wfd poured into
I nventi on 10Accordi ngly, the object of the present

i nverts ghF 9 TD- T PAlthe & F i 1RATDO eV i RGPS $hi chuch as
magnetic netal balls can be fully cleaned in a ,

cl edhi HPProcEss. A RS 1310 deR W D tHE grageptic

i nvent.ion .c rises a filter tank into ich a flui

o B TR e 1ot SR 5 19 (Bt et thiAR by only

Com;%d}eiqd . ncl'g]eflfdjlfc% gz_l[’o 1t1%n4ﬂi%02r!%ﬁavgacgrpeeg?%ﬁ%%¥$En?g]tal

appliies a ghetic dto ter ne

e LA T B AP o 5o

filteredrediginm20Qgranul es of a magnetic materi al
contained in the filter

Disclosure of Invention

Accordingly, the object of the present invention
is to provide a filtration device in which magnetic
metal balls can be fully cleaned in a cleaning process.

A filtration device of the present invention
comprises a filter tank into which a fluid to be
filtered is introduced, a filter medium unit contained
in the filter tank, and a magnet unit which applies a
magnetic field to the filter medium unit, the filter
medium unit comprising a filter medium accommodation
case and a large number of magnetic filter medium
granules of a magnetic material contained in the filter
medium accommodation case, the magnet unit comprising a
magnet movable with respect to the filter medium unit
between a first position and a second position and
configured to apply the magnetic field to the magnetic
filter medium granules, thereby causing the magnetic
filter medium granules to magnetically attract and

immobilize one another, when in the first position and
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medi um accommodati on case, the magnet unit conprising

a magnet novable with respect to the filter nmedi um

unit between a first position and a second position

and configured to apply the magnetic field to the

magnetic 25filter nmedium granul es, thereby causing the
magnetic filter nmedium granul es4to nagnetically

attract and i mmobilize one another, when in the first
position and 4 to cancel the magnetic attraction

bet weencahee hagnetnagriied i @raeda o gn avet esemhehei magnetic
the second position, the filtration device further

conpfi sty Mmedien supphyl qreanser o | gue esetonpasssthéon, the
unfiltered fluid | ocated bel ow 5the magnetic filter

medi i gFahitesde ol adover tiher negretieity | f buidedipmy means
granul es through the magnetic filter nediun1%ranules

as tRRAFIUREEF nte R FT Ity wahkliered | terkd, Iprargd below
di scharge neans configured to pour the filtered clean

| ot T AR ool tFo TrGHGE S A0 TST (e Bl Bt oo

b i fj di | .

Py OUBR e meGHaE! o i WA L or MR AL Bee RRoTEcic

magnet i C.fi L1, e f%%&ny£e§h@r§1§1§$dth nd; & .. +ank
ging ed a the

subnerged alr di sc argin mechani sm Tl oca ( ove
magneti g; fidtes, nedh Lm §f 8o £5c %Qaégce%ﬁfggﬁggdhgo pour

downwardly eject air into the clean fluid above t

nmagnehé cr {144 e5g nepkavn granyl BScat ber SRy argh80mbhfet ic
clean fluid toward the magnetic filter nedi um granul es
and fntteductagumi drdubbtestd boldhecied epdghétid, raster
the magnetic filter medium granul es are 20cl eaned.

I n tihedthreanragubeocessodgn the magnetic filter medium
granul es, according to this structure, air is ejected

i nt o9rheuies t s edhelezondtid df il oeateed aboverameles are
magnetic filter mediumgranules and toward the .
magnet $eNe%f | #2@ra nedPueE 4 Al esdigeha kel ey aach i am
urgeg b% t he e$ected air flows gomn bet ween t he

magne? FeC i1 2R Vaedi e e it est T HRF RRMEER cIF P RS and

medi um gr anul es . .
con lgureg to downwardly eject air into the clean fluid

above the magnetic filter medium granules, thereby
urging the clean fluid toward the magnetic filter
medium granules and introducing air bubbles into the
clean fluid, as the magnetic filter medium granules are
cleaned.

In the cleaning process for the magnetic filter
medium.granules, according to this structure, air is
ejected into the filtered clean fluid located above the
magnetic filter medium granules and toward the magnetic
filter medium granules. As the clean fluid urged by
the ejected air flows down between the magnetic filter

medium granules, the magnetic filter medium granules
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5 can be effectively and thoroughly cleaned. Since the
filtration capability is recovered in this way, high
filtration accuracy can be obtained in a filtration
process. 5A preferred enbodi nent of the present
invention further conprises auxiliary air supply neans
configured to apply an air preséure hi gher than the

at nospheric pressure to the surface of the fluid above
the magnetic filter nediunwgganules when the magnetic

filter! Rl erhl A0 EmuY eAnGrien T @amelly ¢heredy- dr S¥nAg the
the fluid toward the nmagnetic filter nmedi um granules,

Bri ef 1 PeSer 1Pt i otPd?: Bran hystecovered in Epgs yays Bigh
| ongitudi nal sectional view of filtration device ..
accob Ul M tboon- GREGH et ‘67 THer T okBnf Liltration
inven}%gn's FIG 2 is a longitudinal sectiona
vi eW oF “Th2 filtration device taken along line F2-F2

in FIG 1; eferrgéc%mg?&%?g%§$§%iQﬂghgygg$ht i veption

enIargedI? %ﬁomnng a par ter druomunit o

the filtrati opndeviee g@ﬁfﬁ%@r&”@f}(%uﬂ@l ‘meansFEGnrdqured
is a side viewshowng a filtration operation of

magnedi gppi{ter aedipre gsaralesqdr thgaditheabt@Bspheric
devi ce s%omn in FIG 1; FIG 5is a
| ongptedsnat secthonahr view of tie 2bhiditsabirentHevinegnetic
shown in FIG 1 with its nmagnets raised; FIG 6 is a
sect i ohaeér vinedd try pg cathh yeshowemgtlse mégnetic filter medium
granules are cleaned, thereby driving the fluid toward
the magnetic filter medium granules.
Brief Description of Drawings

FIG. 1 is a longitudinal sectional view of a
filtration device according to one 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
part of a filter medium unit of the filtration device
shown in FIG. 1;

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

FIG. 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 equipnment with the
filtration device shown in FIG 1 is operated for
filtration; and FIG 7 is a sectional viewtypically
showing a state in which the filtration equipnment with
the S5filtration device shown in FIG 1 is operated for
cl eaning. Best Mdde for Carrying Qut the Invention
One enbodi nent of the present invention will now be
described wth reference to FIGS. 1 to 7. 10A
f|It?%%r%nl@eW|%ehlﬂ—s%6%m19ﬁ ?ﬁ@%D@GEGnﬁFF§e§h8 filtration
filter tank 11, lter mediumunits 12, and _nag
uni t iéceAF??ﬁ?d Rof b f If%r%ﬂeF§t i FBducadirataons and
the f||te£1%a 11. The { ; madlumunltﬁl g .

the fiFt&r® %\ﬂﬂa 1V1?He“%8g}ﬁ§ dnift’§"189 @

t d
iggpal gf@ MRopeLLE f)) Peoh! LEGE pHEAL UM U L 3o
ghe naferla% %e l?an &ipm " %ﬁ@neflc

natef1@£ra§y&n §§v§c£e£EQH§_ﬂﬁtﬁko.ﬁ&09¥65 Ega%eeg e
is disposed on top of the filter tank 11. R Irty

chanpesaddngnd cl ean chanber 16 are defined in the
20filter tank 11. An unfiltered fluid QL is contained

in the dirtyahaneie Ifr Aditieted et eane f taeh ok S

contai ned in the clean chanber 16. The dirty

chanber 16nésehbodt ednbebédwrhbeptebtar dadeumivhi WS11 now
12. The cl ean chanber 16 is | ocated above 25the filter

medi ben destsii@d Theht opfefehhe toeBhGEhaibep 16.is
airtightly closed by a partition wall 17. Magnet

chanber s %SLa%erééﬂpﬁeéebeFémﬂPhé“@dﬁtPPlEﬁGmaﬂlComp*lses a

filter tank 11, filter medium units 12, and magnet
units 13. A fluid to be filtered is introduced into
the filter tank 11. The filter medium units 12 are
contained in the filter tank 11. The magnet units 13
apply a magnetic field to the filter medium units 12.
The material of the filter tark 11 is a magnetic
material, such as a ferrous metal. A cover housing 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. An unfiltered fluid Q1 is contained in
the dirty chamber 15. A filtered clean fluid Q2 is
contained in the clean chamber 16.

The dirty chamber 15 is located below the filter
medium units 12. The clean chamber 16 is located above
the filter medium units 12. The top of the clean
chamber 16.1s airtightly closed by a partition wall 17.

Magnet chambers 18 are defined below the partition wall
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7 17. The magnet chanbers 18 extend vertically.
Magnets 19 are contained in the magnet chanbers 18,

i ndi vi dual |y. ~ A contamnated fluid inlet 20 that
opens into the dirty chanmber 15 is forned in a | ower
part of the filter tank 11. A contam nated fluid that
contains fine particles to be filtered is introduced
into the dirty chanber 15 through the contam nated
f|UId inlet 20. A clean fluid outlet 21 that opens

i nt & t-he 71 AR FEChaFEP LS |]s8 feoThRs iR R Gfppler - pafagnecs
of tEF filter tank 11. shown in FIG 2, a

cl ed @Hﬁ&ﬂﬂﬁé%@l%l&%%éﬁ%@idﬁ@%ﬁﬂ%é@ﬁlwd

outlet 21. The clean fluid pipe 22 is connected with
qﬁ*sdﬁ%1 %ﬁipe 24, 15The air supply pipe 24 is

ded th Juse as atnospherjc
B;gggufe rgfeégg%ghﬁﬁﬁ ‘gi%?%anzg% ﬂﬁ%%‘¥§353nl%%p the
opereﬁdfgpcugen&tfm%oq%r& Prapam g 1de. A, Malie A3

drain“port 26 is provi at the bottomof the

f' | tran deank ghle 1hat 4l $yor@tandihe ebatit om qifhat‘g]ec&{qatjyns
chanber 15. The drain port 26 conprises a drain valve

25. fine parfriefirably pea rGamressad aidc RIS SO S he
27 is connected to the air supply pipe 24. The air

suppliy tsoutreabzt can theeth oM s5et aadindtdd #heid inlet

cl ean 25chanber 16 in the upper part of the filter

tank0lL1l. AThd esrr Nalive o23,ieal R Isupplty quepss 2hta@nthe clean

conpressed air supply source 27 function as auxiliary

ai r chgppler 1® meanfer2®@d 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.
The air supply pipe 24 is provided with an air valive 23
for use as atmospheric pressure releasing means. The
clean chamber 16 can be opened to the atmosphere by
opening the air valve 23. A drain port 26 is provided
at the bottom of the filter tank 11, that is, a% the
bottom of the dirty chamber 15. The drain port 26
comprises a drain valve 25.

Preferably, a compressed air supply source 27 1is
connected to the air supply pipe 24. The air supply
source 27 can feed compressed air into the clean
chamber 16 in the upper part of the filter tank 11.

The air valve 23, air supply pipe 24, and compressed

air supply source 27 function as auxiliary air supply
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As

shown in FIG 3, the filter mediumunit 12

conprises a filter nmedi um accommbdati on case 30 and a

| ar
agr

ge nunber of spherical, magnetic filter nedi um
anul es 31. These magnetic filter medium granules 31

are contained in the filter nedi um acconmpdati on case

30.
31

For exanple, the magnetic f§1ter medi um gr anul es
are nmetal balls of a magnetic material, such as

iron. These magnetic filter nmediumgranules 31 attract
10ofea@fot¥er in the manner shown in FIG 4 when
subjected to a magnetic field. In a free state w t hout

appl i cat ifoh FPWhy-Tdditet iT 578 o1 e eta & e 1wkt i bh

is

gr a8 $F Sc &n Tové I B4t

cancel.ed, so fthat the nqggetic filter medi um

A BRE R HerC AT shiend

15e§}ent. Th%1surf ce§lof t he magneti.c filter
LEchiss

granui’és 3"

SO
res

acc
Al t
med
m X
nmed

medi um
Sk &t RESE T al IMHBE i rgs, - dr e Shapedt

' . . . h 4
%';zc tn% l%es SffD.Ot I% h%ré% %%Ia nl ,QtLthV@%"llale & n dIJ1 L{me rgTr nagn d,ll lue s 31

Ive dianeters of a e nmagnetic m

gr anl s, 3% thaly are egntained e, 200 der ediim, oo

ommodation case 30 are equal to one another _

eyonat iregl bxaa?qleur alrd YnQfndoires iof: Jagnetim fdddflies
tumgranules 31 with different dianmeters may be

el wirdd rene lanetiner o fFu thene tMORRIHeG fd 1l t &fuch as

i um granul es of a shape other than 25t he spherica

shaperamy Bhassechadgnetsitorfi ]l ddre magnet igrdridleer 31 attract

med
mat
Mg
mat

13.

ium granul es 31 should only be fornmed of a magnetic
armialgnggdiarhatn tthey maayn e sdfowr9 iany Ihape.whkre

netic filter medium granul es 31 of the magnetic
aialedtad a6t oM@ sastivert ited dor evienta thr@a stiengyithout

when subjected to a magnetic field bg the magnet units

qq,{é.qpagq{etaiqy eI i i d’magnetic attraction

is canceled, so that the magnetic filter medium
granules 31 can move relative to one another to some
extent. The surfaces of the magnetic filter medium
granules 31, like those of ball bearings, are.shaped Ye)
as to be smooth and easily washable.

The respective diameters of all the magnetic
filter medium granules 31 that are contained in the
filter medium accommodation case 30 are equal to one
another. Alternatively, a plurality of types of
magnetic filter medium granules 31 with different
diameters may be mixed with one another. Further,
magnetic filter medium granules of a shape other than
the spherical shape may be used. 1In short, the
magnetic filter medium granules 31 should only be

formed of a magnetic material, so that they may be of
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5t he magnetic filter mediumgranules 31 are rel eased
fromnutual attraction. The filter nmedium
accomodat i on case 30 conprises a pair of nonmagnetic
mesh nenbers 35 and 36, upper and |ower, frane nenbers
37, and magnetismintensification 10p|ates 40. The
nonmagneti ¢ mesh nmenbers 35 and936 are formed of a
nonmagnetic material, such as stainless stee

(SUS304). The frame nenbers 37 are arranged around the
nonn@ynet i @b eres L e rmvegse 135C ahdl B6r Mhdli wagpesnshes 31 of
intensification plates 40 are provided at 15respective
end T tMaFRebEC titwt erokava gt ¥ 2C reehe nembeher 350 apdevent
36. The franme nmenbers 37, |ike the nonmagnetic nesh
menber e BETARI BE R S YO NBR Dt R hoMmBgReiFcfield by the

mat eri al such a tainl ess steel (SUS304)._ The
magrf%??%éiflllufje n]e% unwr@?%nEF%§r%ﬁn%Tjec c%h?%ﬁlnéﬁ Femgved,

20pl ur al t th
renbbr e AR e e T L RRT® of ot Feut akPaRc

hoIe§r§§qm@@ga§6§t(ﬁ%g¥gngn FIG 3) are formed in the

nonmagneti ¢ nmesh ne 5 and 36, respectively. The

C'rCUlat'@HQh?iP@ega%@@lﬁﬂdaggngéga@P%%ﬁ?gggl5%ecomprlses

el ongated slits. The wd er w

ClrC&'ﬁ@iﬁ”bf“Héﬁhé%ﬁb@H@’ﬁg%h|é%$6%¥%t?§na53936 upper and
di aneter of the magnetic 10 filter medi um granul es

31. Tdwesef of €amd heenmgnet3 T, fahd efia s LUsm gixa@@lﬂ@ﬁfﬁéation
cannot pass through the circul ation holes 35a and 36a.

I n shbates the. ndhmagnetnagmesic mediersedde and3 36aati e36 are

only expected to
formed of a nonmagnetic material, such as stainless
steel (SUS304). The frame members 37 are arranged
around the nonmagnetic mesh members 35 and 36. The
magnetism intensification plates 40 are provided a*
respective end portions of the nonmagnetic mesh members
35 and 36. The frame members 37, like the nonmagnetic
mesh members 35 and 36, are formed of a nonmagnetic
material, such as stainless steel (SUS304). The
magnetic filter medium granules 31 are contained in a
plurality of rows between the nonmagnetic mesh members
35 and 36.

A large number of circulation holes 35a and 36a

(shown in FIG. 3) are formed in the nonmagnetic mesh
members 35 and 36, respectively. The circulation holes
35a and 36a are horizontally elongated slits. The

width (smaller width) of these circulation holes 35a

and 36a is less than the diameter of the magnetic
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5be able to support the contained magnetic filter
medi um granules 31 and allow a fluid to pass
vertically through them The magneti smintensification
pl ates 40 are provided on the filter nmediumunits 12.
The magnetism 10i ntensification plates 40 are arranged
i ndi vidual |y on the respective Yorizontal end portions
of the filter mediumunits 12, that is, on those end
portions thereof which are farther fromthe magnets
19. Thktemgrrdiwmdmiensis i Tat | oinpfat ese A0t hahhedtnar éc
formed of a 15magnetic material, such as iron, are
| ocaf et @ hrietGHoutI Vet 3 el (Bhownt R ROWPIG, thy
transversely relative to the filter nediumunits 12.
WherS e ighet S ared mid f1¢&t  pb3i TRORE shBMR i n
FIG 1, the nmgnetic filter ium granules 31 are
oo TS T hd T o) 15 bt P ohY Crpected to
i ntensif.ication_ plates 40, _. The magnets 19.are .
cOnféﬁrﬁP ?rF?iﬁg%ﬁﬁﬁﬁéfﬁE éﬁ%%%%lﬁ%§ T%'r%?ﬁ%affyt”anﬁedl“m
can gpy, Lt cally o AL PXAMPLE Of: GaCh, (BONPL 101 | 5 a
strong permanent magnet. i'S magnet noves relative
to the-fidd erndedi umunit 2512 between the first
position shown in FIG 1 and a second position shown
in FIG Sthiheaqhde: smoneteddi Fschhibhepfhtst 40 are
position, a magnetic field is applied to 11 the
magnetoci déd t@r tiesli £im gF s ®sus lun iher euponThdenagnetism
magnetic filter nmediumgranules 31 are caused to
magnettead i i @t i@ctp onee andl here tor bengedobndi zedually on
When the magnet 19 ascends to the second position, the

the respective horizontal end portions of the filter

medium units 12, that is, on those end portions thereof
which are farther from the magnets 19. The magnetism
intensification plates 40, which are formed of a
magnetic material, such as iron, are .ocated Throughout
overall length W {shown in FIG. 2) transversely
relative to the filter medium units 12. When the
magnets 19 are in a first position shown in FIG. 1, the
magnetic filter medium granules 31 are located between
the magnets 19 and magnetism intensification plates 40.
Tne magnets 19 are contained in the magnet
chambers 18, individually, and can move vertically. An

~

exampie of each magnet 19 is a strong permanent magnet.
This magnet 19 moves relative to the filter medium unit
12 between the first position shown in FIG. 1 and a

second position shown in FIG. 5. When the magnet 19 is

in the first position, a magnetic field is applied to
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S5magnetic attraction between the magnetic filter

medi um granul es 31 is canceled, so that the magnetic
filter mediumgranules 31 are allowed to nove to sone
extent. The filtration device 10 conpri ses
retaining neans for noving the nmagnets 19 between the
first position 10(FIG 1) and sktond position (FIG

5). An exanple of the restraining neans conprises lift
rods 45, connecting nenber 46, and operating nmenber

47. Threcoigrectiangt nenbemakdicgonpeehslehe3igspbetrieupon the
upper end portions of the lift rods 45. The operating
menerg IS4 | 5t sewureetiwn t GeavohnecBilngraenbesedb o

The lift rods 45 are inserted individually into nmagnet
charfdse BB ahlly At fivve et pearhgrt 6gebPheimipbh liked.
magnets 19. The operating nmenber 47 is configured to

be VEIEH cHIT YR Ve TeEF TGS oF Oy Ae8RSOBE RASition, the
actuat or 20(not, shown). The magnets 19 can. be_npved

bet MBEH' T e 19 T51% posit i Bh-4ha" seEBnd*BBS ¢ Foh by SEh&edium
operating, menber. 47, Submerged aif discharging . .
rrgch%rnaimslgr%e%o are’ acrar%%g]g‘gdabaee“g‘ﬁé ﬁﬁﬁn@g%gf?‘ﬁ erlter
medi £X 0f ssubner ail

di sc@%ﬁg&nﬁﬁgﬁ s?nlsggrto%%?%)g‘ég gggﬁggeéﬁoeigggdfgn&vnt'
hori zontaphy. £ A pF&F bk toe Of 8 F o) BbRpP2s85€ rEREARd N means

the | ower 12
for moving the magnets 19 between the first position
(FIG. 1) and second position (FIG. 5). An example of
the restraining means comprises lift rods 45,
connecting memoer 46, and operating member 47.
Theconnecting member 46 connects the respective upper
end portions of the lift rods 45. The‘operating member
47 1s secured to the connecting member 46. The 1ift
rods 45 are inserted individually into magnet chambers
18 and can move vertically together with the magnets
19. The operating member 47 is configured to be
vertically driven manually or by means of an actuator
(not shown). The magnets 19 can be moved between the
first position and second position by the operating
member 47.

Supbmerged air discharging mechanisms 50 are
arranged above the magnetic filter medium granules 31i.
An exampie of each submerged air discharging mechanism
50 comprises a pipe 51 extending horizontally. A

plurality of air jets 52 are formed in the lower



10

20

surface of the pipe 51 at a predeterm ned pitch al ong
the axis of the pipe 51. As showmn in FIG 2, a
conpressed air supply source 55 is connected to each
subnerged air dischargi ng nechani sm 50 through an air
5supply pipe 53 and open/cl ose val ve 54. Although the
open/ cl ose val ve 54 may be of a4ranual |l y- operat ed

type, it should preferably be a solenoid valve that is
el ectrically opened and cl osed by a controller 56. As
showtl¥ e @ @f Fhaliztrmcel B ranpraeetoweinddspifabealong
of the pipe 51 of each submerged air discharging
mech@rf stf 59 ¢ e RigperS Sur fAgeslodwr hn fFT€er 2redi um
accommodati on case 30 ranges fronl for exanple, 10 to

20 MRS &t ofURIMEY df Areter O of L eaetnasFtpdt tg2each

[ 1. and an exanple of an 15interv bet ween t he .

At f@flgg%%e?sale% ?eloscgga%“% IP%%%W%%@@ VargegnafR air
t ictive.-: I n ¢leanin he nagnet | ,

11 ceT kbt G ahisd AT o G o thouan che

corm%éﬁﬁ@l@éé AR §4JHPAZ\%§% from 3@%@%&%@88%%& type,

supp source 55 to each nmer ge argi ng

mechapi s 50y Jherconpressed, abs1 87c1$ € £l 89?5?"‘@50'
the magnetic filter nmediumgranules 31 of the filter

medi eine ¢ £ Sa 12y tdyaugh 4 alssd@tisy 92 cdhiG1 eande?

show an outline of filtration 25equi pnent 60

conpri si n@stkieclh |l i ation deviicerdfece TAI Srom the lower
surface of the pipe 51 of each submerged air
discharging mechanism 50 to the upper surface of the
filter medium accommodation case 30 ranges from, for
example, 10 to 20 mm. An example of the diameter of
each air jet 52 is 1.8 mm, and an example of an
interval between the air jets 52 is 60 to 70 mm,
although these values are not restrictive.

In cleaning the magnetic filter medium granules
31, as shown in FIG; 5, compressed air 57 is supplied
from the compressed air supply source 55 to each
submerged air discharging mechanism 50. The compressed
alr 57 is ejected toward the magnetic filter medium
granules 31 of the filter medium units 12 through the
air jets 52.
FIGS. © and 7 show an outline of filtration

equipment 60 comprising the filtration device 10. This
filtration equipment 60 comprises a dirty tank 61, a

clean tank 62, the filtration device 10, a sludge



10

15

20

25

filtration equi pment 60 conprises a dirty tank 61, a
clean tank 62, the filtration device 10, a sludge 13
processor 63, etc. The dirty tank 61 contains the
fluid QL to be filtered. The clean tank 62 contains
the filtered clean fluid Q. Tq contam nated fluid
QL, which contains fine partlcles and the like to be
renoved, is delivered to the contan1nated fluid inlet

20 of the filtrat n de 0 .throu u 65, pi
66, d:noacevséslol/re 6&? ! e fﬁq erdétf o & gc SRRt ﬁ% e
cle covered .d.nto the cl e 2 .
t hr gfl}tﬁ%a@al Ve cefgprleﬁie 71%@1C5;I1he u?ﬁ)n 5 %n%orb?eb 13
66 fuypct I n

neaﬁgnéglgﬁéxig q?fuﬂ']%ﬁqgﬁ fﬁgl %f% t(¥m%&1

f romibel,ay &ip ahava dhe gl didd o J’;ﬁﬂ%élgirlke to be

granul’es 31 as the Tl UI QL1s filtere arn

val verdiraal)d i aidl iRte 26 A SfIHINCId i @shdddb dr1uid inlet
di scharge neans 81. The fluid di scharge neans 81 has a
functl @t tthepdirl trhe ifdr tRreidc e Hidligh @ p@eatesl, pipe
above the magnetic filter medium granules 31 as the
magried,i arfd [Madrvemedi .umTyreanidl lgse 130 arleeal eanedd @DThe the
following is a description of a filtration process and

cl eanliar prrogesy. 16 is rdgeuded iidnvattilon preessadior62
filtering the contam nated fluid QL, as shown in FIG

6, tHeamityves B vend 07Gret @ idserddd, and the drain

valve 25 is closed. 25Then, the contam nated fluid QL

in the diThs RERK @1 a}%fjfﬁe]cpef n% i on ya%hah%?ecﬁ qupply

of the f||trat| vice 10 nmeans of the 65.
Fur s £ Cragridts ¢ it ey Teans Yo ISRt rrusa
Q1 in the filter tank 11 from below to above the

magnetic filter medium granules 31 as the fluid Q1 is
filtered. The drain valve 25 and drain port 26
function as fluid discharge means 81. The fluid
discharge means 81 has a function to pour the filtered
ciean fluid Q2 located above the magnetic filter medium
granules 31 as the magnetic filter medium granules 31
are cleaned. |

The following is a description of a filtration
process and cleaning process.

In the filtration process for filtering the
eontaminated fiuid Q1, as shown in FIG. 6, the valves
67 and 70 are opened, and the drain valve 25 is closed.
Then, the contaminated fluid Q1 in the dirty tank 61 1is
fed into the dirty chamber 15 of the filtration device

10 by means of the pump 65>. Further, a magnetic field



10

20

is applied to the magnetic filter nmedium granul es 31
by noving the magnets 19 of the magnet units 13 to the
first position (FIG 1). As shown in FIG 4, the
magnetic filter nmedium 5granules 31 are imobilized in
contact with one another by thha magnetic field. If
the magnetic filter nmedium granudles 31 are secured to
one anot her, a narrow "wedge-shaped” gap Gis forned

SO as to be tapered toward each point C of contact
bet WSeRPPHE eRagRetle TOPNPLeC redithh Jisshieghulgs 31 by

the contampated fluid flo near the caontact point
C bECVRES the REgREEe 1 iPFert\g%e&lalﬂﬂegtréHm s%%il,t%tﬁbe
parti.cl es S get. deep.intg,the gap G and are captured.
If €HE SFi ﬁé)sg%rltoincﬁég"s &'¢ forned of a magnetic

terial,,t ti 5 t idtersmedi UM qium
mat eria Aﬁlfgg}owq% ized L ﬁﬁc%etrellagqr{éé @rfﬁhrﬁﬁg%y%ed

granul es tract the fide par es S.

CO”%@%%.%%%d3E|%E% th%%QLE@éatfHEégﬂgéb§n@ﬁ§?Qn%5éﬁ%ther

filtered as it upwardly passes through the filter

medigymepnist %a%;%et%d tikedfl it Qhd I dtito tihe & eddium
chanber 16. 20If the anmobunt of the fine particles S

captyedhiRy t3he srrgrelcie el Iteomedinggranuy esdow

increases, the filtration performance is reduced. The

cl eanicageprsteessl” gagxecutsed dromadecovers tte e [tamstnan

performance. In the cl eaning process, the punp 65 is

25sttopped, eamd e nrallves oraedt7 berwe syl gderd , masetic

shown in FIG 7. The interior of the clean chamber 16

i s dpdied medihve stmesipiesr S8lby dieriry e aknatgaefluid

23 15 (shown in FIG 2). Further, the drain valve 25 ,

is Q1 flows near the contact point C between the magnetic
filter medium granules 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 filter medium granules 31 attract the fine
particles S. Thus, the contaminated fluid Q1 fed into
the dirty chamber 15 is filtered as it upwardly passes
through the filter medium units 12, and the fluid Q1
flows into the clean chamber 16.

If the amount of the fine particles S captured by
the magnetic filter medium granules 31 increases, the
filtration performance is reduced. The cleaning
process 1s executed to recover the filtration
performance. In the cleaning process, the pump 65 is

stopped, and the valves 67 and 70 are closed, as shown

the clean chamber 16 is

=

in FIG. 7. The interior o

opened to the atmosphere by opening the air valve 23
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opened. By noving the magnets 19 to the second
position (FIG 5), the magnetic field having been
applied to the magnetic filter nmediumgranules 31 is
5cancel ed so that the magnetic filter nmedium granul es
31 are releasedfromattractiog. The clean fluid
@ in the clean chanber 16 pas es through the filter
mediumunits 12 as it flows toward the dirty chanber
15 by its own weight. Wien this is 10done, an air

or eSS Thgh L han -t hé Cdtispherice Breds e fay2 bets
lied to t f. f th | fluid b i

o gaty hraigs 2, e g 1 i d 6

th h.t.h i lv  pi 24 h L FIG. 2). B

thi ST o eaddiE, e (RredH e Al R hedh

dri vep tiuard, the difty Ghamer 15.mnaqg;iun gddhdfes 31 is

C| eani ng pr ocess, a ar ge anount Ofm alr n157g | S

downualdliy £jLeted t owar dthe tmanehiG f ilderedidm1es 31
granul es 31 through the air jets 52, in the filtered

cl eanrd ¥k 2d geanedtabeve itdie magnetic filter
nmedi um 20granul es 31. A | arge nunber of air bubbles

are introgucesl dart & el doeam fdrid b 1@abyeHdeat r1&7passes
ejected into the clean fluid Q. The clean fluid @
passes cdogthwedre tihd trag metdiiainf idrtigrs ediasmigr ahubves B3dward
by its owm weight and flows toward the dirty chanber

25 IBe |dirdddidhicotent Re dlvedn f lavrd w2 dhst .ur gtent owars is
the magnetic filter nmediumgranules 31 by the air 57

ej eGtE® 't Mowgh thHesaur e Sighsy, tRadortdisngiynosiee r 1%
clean fluid @2 with the air bubbles therein rushes

dow® T Btigh e Hraghetitc % & et afulee 3alean
The ur.gflﬁﬁg of .the @%neti c filter Qr?di.urmi rtaonutlheg C3 .
are FReri ¢ 4o S 5 &SRS o
chamber 16 through the air supply pipe 24 (shown in
FIG. 2). By this air pressure, the clean fluid Q2 can
be quickly driven toward the dirty chamber 15.

In the cleaning process, a large amount of air 57
is downwardly ejected toward the magnetic filter medium
granules 31 through the air jets 52,.in the filtered
clean fluid Q2 located above tne magnetic filter medium
granules 31. A large number of air bubbles are
introduced into the clean fluid Q2 by the air 57
ejected into the clean fluid Q2. The clean fluid Q2
passes between the magnetic filter medium granules 31
by its own weight and flows toward the dirty chamber
15. In addition, the clean fluid Q2 is urged toward
the magnetic filter medium granules 31 by the air 57

ejected through the air jets 52. Accordingly, the
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5t hose of ball bearings. Even if distance H from each
air jet 52 to the filter nedi um accommobdati on case 30
is as short as 12 mm therefore, the clean fluid Q
that strikes the magnetic filter nedium granules 31
per neat es between the magnetic filter medi um granul es
10 31. As the clean fluid @ f 1idns al ong the

peri pheral surfaces of the magnetic filter medium

granul es ﬁﬂ ¥4 can thor ughly clean the entire
rragrﬁeteiac“f 4 €8 B0 hRe BRFPiAryuanes down

suppl ns 28 shomn in G. 2 15i ntroduces_air onto
Che ST i Safrn ¢ <Q2) ot it S ansventhes 31

magneti c | ter dlun1 nules 31 mhe he nagnetic
fl?teH iﬁ%ﬂﬁ%ﬁgﬁéi "¢ Bahey. B; ?ﬁl@ggﬁPm

| ntradyetian. s @ Lessiud teEhe Suréa 1han éhre%%t:é@s RIS Sy o

pressure is appliedto ce 200 e cl ean

fl U'fdncgye %bﬂ\ﬂ%ltlh% @‘é c f}ixyér?rlﬂecﬁji%rg{w@nw gf‘orﬁleach

Thus, the clean fluid I's assisted 1'n rushing down

bet weien tdie gmagnetdre fdiltes - e um, %@é&h@édé’%loﬁ ncéLﬂ@ 30
cl eani ng process, as descri bed above, the 25cl ean

fluiis @ |oeattechsaliov ent hec megned i€, find es1a®di Biiq o2
granules 31, along with the air bubbles, rushes down

bet ieert tdier irkegnethiec nfadrteari aret Le grsedd @s Jdahovnas d3l
17 the drain port 26 fromthe clean chanber 16. In

t hi PawReatidre mnvferges hf ndmnemgnefikt i Inedimedyvanules

granules 31 are cleaned by the clean fluid 2. This
is, ds i tAserhe Jlerarc|fdanichdl? Thieowst wgene ottai pedipneral

surfaces of the magnetic filter medium granules 31, it
can thoroughly clean the entire magnetic filter medium
granules 31.

The auxiliary air supply means 28 shown in FIG. 2
introduces air onto the fluid (clean fluid Q2)
collected above the magnetic filter medium granules 31
when the magnetic filter medium granules 31 are
cleaned. By this air introduction, a preséure higher
than the atmospheric pressure is applied to the surface
of the clean fluid Q2 above the magnetic filter medium
granules 31. Thus, the clean fluid Q2 is assisted in
rushing down between the magnetic filter medium
granules 31.

In the cleaning process, as described above, the
clean fluid Q2 located above the magnetic filter medium
granules 31, along with the air bubbles, rushes down

between the magnetic filter medium granules 31 toward
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5the contam nated fluid discharged into the sludge
processor 63 is separated fromthe fluid and recovered
by the sludge processor 63, e.g., a separator.

As described above, the filtration device 10 of the
present enbodi ment can easily gnd quickly clean the
10magnetic filter nmedium granul'es 31 by neans of the
clean fluid @ in the fllter tank 11 as required if t

tic filter i u ran les 31 ar ntanj nated to
T Eh “deg e o § .S 4Tk 1 de e is
10 %anr overr sflloua %bl |n{t |nasort
15t i'e. Sihcé th e Y by

dlrggaivlr;m%%'%q f}%faﬂ d%grdc%wceolaq} ulc{.ooz. This

nmor er, the running Cost | oW

devijce 1Q nmy e OpefAt %qebﬁ%% on @it Al £ SWACH % in

between the filtration and cleani ng processes by means

200fch@ tdoRhminated Heiild |diriHondevite 10,0fsthigye
present enbodi nent conprises the subnerged air

di sgharagisng rmeshdri a0t ddn fAdeen dreani Ng Processeddfered
the magnetic filter mediumgranules 31, the air 57 is

ej ettyedhientsd uchye clrearesfdad V5@ and 4 awasrdther .

magnetic filter nmediumgranules 31 through the air

jets 52 tAmatdegpenidan tdievcowerhes urflace of ort hgepiqe Bl.of

As the air 57 is ejected in this way, 18 the clean

fl wtdleqzree?leéﬁg SRl ifend gian Ieastlles antd (el dilaarrlean the
fluid Q@, is directed to the magnetic filter nedi um

gr afARE L, FHitS o s U 3@ e Sfontladts ITte’n?fansou—‘tlerbhe

eri pheral surf ces (spherd surfaces) of th .
Sagheric F-fe nef&ﬁdfﬁ A srmgred i£ the
dO\Nnvvard t he cI ean fluid fl ows t hi s _
way "R tf&lb Y énr?tgiveén Oﬂff\?uﬁ‘ flrreoeecﬂ'l 4y o
to Lheduleh RedRleE R acas, %f the BRI G ion device

filter
10 can recover its filtration capability in a short

time. Since the cleaning process can be performed by
directly using the filtration device 10 itself,
moreover, the running cost is low. The filtration
device 10 may be operated based on automatic switching
between the filtration and cleaning processes by means
of a timer.

The filtration device 10 of the present embodiment
comprises the submerged air discharging mechanisms 50.
In the cleaning process for the magnetic filter medium
granules 31, the air 57 is ejected into the clean fluid
Q2 and toward the magnetic filter medium granules 31
througnh the air jets 52 that open in the lower surface

of the pipe 51. As the air 57 is ejected in this way,
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10granul es 31, is renoved and di scharged together wth
the clean fluid @ toward the drain port 26. Thus, the
magnetic filter nmedium granules 31 can be al nost

conpl etely cl eaned, so that excellent filtration
performance can be fulfilled ingthe filtration process
15to0 be resuned thereafter. Industrial Applicability

It is to be understood, in carrying out this

i nvention, that the constituent. elements .of the.  _ .

1) £l 20 oo ee " PRel adrhy THETT HTar Sdni Rk the
20f il I ranul es, brer Al ey,

201 ket TadiuTLgr adl 63, maneLe, SUPIELRA Al o1 e
mdhfe'd%@mf %rr@%u\Metsh ayt, d@’ﬁ)ﬂrst NG afnr ijutlr&e Q':"le'crdﬂt aQ;ts the
the invention. Further, this invention is also _
apploiueall @etra dhidranath o sdew ces,HLor il terd Mg dduids the
ot her than a 25coolant. 19 CLAIM5S 1. A filtration

deviregnelQ)k GaNpkirSiRGium grarulfdd tar dsank (Adhddto

which a fluid to be filtered is introduced; a
fil dewnmedidum unit (12) contained in the filter tank
(11); and a magnet unit (13) which applies a

magnet i ¢ As élhge tad efare HliditeQ2redians uni ttH(ilR)way, matter to
be removed, having so far been adhering to the outer
peripheral surfaces of fhe magnetic filter medium
granules 31, is removed and discharged together with
the clean fluid Q2 toward the drain port 26. Thus, the
magnetic filter medium granules 31 can be almost
completely'cleaned, so that excellent filtration
performance can be fulfilied in the filtration process
to be resumed thereafter.

Industrial Applicability
It is to be understood, in carrying out this

invention, that the constituent elements of the
filtration device, inciuding the filter tank, magnetic
filter medium granules, magnets, submerged air
discharging mechanisms, may be embodied in suitably
modified forms without departing from the spirit of the
invention. Further, this invention is also applicable
to filtration devices for filtering fluids other than a

coolant.
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the filter mediumunit (12) conprising a filter
10medi um accommodati on case (30) and a | arge nunber of
magnetic filter nmediumgranules (31) of a nagnetic
material contained in the filter medi um acconmodati on
case (30), the magnet unit (13% conpri sing a magnet
(19) 15novable with respect to fhe filter-medi um unit
(12) between a first position and a second position
and configured to apply the magnetic field to the
magnetic filter medium grandt&s ¥31)S thereby causing
the magnetic filter nediumgranules (31) to .
magnet i cgﬂ y AZ&&t]Teﬁ*ﬁCﬁoéhgﬁvrﬁ%eoi ﬁioz)e ot Her
when in the f.irst It and to .cancel the. netic
attractiéh%%éLﬁ%é§B?%é(%g neé%?qu éh %ﬁéﬁ%ﬁggr%ﬁﬁfes

(31)Whendqan sthe secand. pasition, the filtration
deviéé (10) fUrtﬁ%r g%npgrsing: 25f |l uid supply means

(80) confj guried A g RASS, the unfidtergd Sl (QWhe filter
| ocated bel ow the magnetic filter nmedium granul es (31)

to abewe tihe ;magretic filter 20 nedium granul es (31)
through the magnetic filter nediumgranules (31) as

the flui d @@Yndth dhie filderyHiank dpbl)ids £ ihd@iedic field
fluid discharge neans (81) configured to pour the
5fi Ittcertée dlidaue=f mgiod ufnQR)n iltoc@t2ed above the magneti c
the filter medium unit (12) comprising a filter
medium accommodation case (30) and a large number of
magnetic filter medium granules (31) of a magnetic
material contained in the filter medium accommodation
case (30),
the magnet unit (13) comprising a magnet (19)
movable with respect to the filter medium unit (12)
between a first position and a second position and
configured to apply the magnetic field to the magnetic
filter medium granules (31), thereby causing the
magnétic filter medium granules (31) to magnetically
attract and immobilize one another, when in the first
position and to cancel the magnetic attraction between
the magnetic filter medium granules {31) when in the
second pcsition,
the filtration device (10) further comprising:
fluid supply means (80) configured to pass the
unfiltered fluid (Q1l) located below the magnetic filter

medium granules (31) to above the magnetic filter
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filter mediumgranules (31) to bel ow the magnetic
filter mediumgranules (31) through the magnetic
filter mediumgranules (31) as the magnetic filter
medi um granul es (31) are cleaned; and 10a subnerged
ai r di schargi ng mechani sm (50) bocated above the
magnetic filter nediun1granu|e§ (31) and configured to
downwardly eject air (57) into the clean fluid (@)

c filter nediumgranul es (31)

b h ti N .
) hgﬁ%{%dﬁ} &ir%&%illr‘?es dPdn FINGE T ) VRIS thef 11-er medium

15 eti.c filt.er mediumgranul (31) .and introduci 1
air *%bnkl)Jlleeés i(ﬁ%tlg taﬁedcg’leeafﬂ‘uﬁdjui(gﬁ()@r? tg'ée t‘Hre]lFfagn%?Igg (11)
filt, I ranul es (31) are cl eaned. 2. The
filfggﬁgg%“'éggce (10) according to claim1, further

conpri si ng AUXid i any; & d ﬁéﬁHﬁyﬁﬂﬁaQ§xﬁ%%#wed to pRUr the

20configured to apply an air pressure er than _
at nyspherde prnessure J¢ie the surdace ofladdhe Gik?@ﬂnafc%r&'é@ic

(@) above the magnetic filter nmediumgranules (31

whert itlhe rragetint drdrivdre stediymgr aruloes (hEl ) mageetic

cl eaned, thereby driving the clean fluid (@) toward

25t e Inegnetadd i Idremuted urdlgr amdocesy 3h)e magnetic filter
medium granules (31) as the magnetic filter medium
granules (31) are cleaned; and

a submerged air discharging mechanism (50) located
above the magnetic filter medium granules (31) and
configured to downwardly eject air (57) into the clean
fluid (Q2) above the magnetic filter medium granules
(31), thereby urging the clean fluid (Q2) toward the
magnetic filter medium granules (31) and introducing
alr bubbles into the clean fluid (Q2), as the magnetic
filter medium granules (31) are cleaned.
2. The filtration device (10) according to claim

1, further comprising auxiliary air supply means (28)
coniigured to apply an air pressure higher than the
atmospheric pressure to the surface of the clean fluid
(Q2) above the magnetic filter medium granules (31)
when the magnetic filter medium granules (31) are

cleaned, thereby driving the clean fluid (Q2) toward

the magnetic filter medium granules (31).



