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1DESCRI PTI ON FILTER DEVICE 5 Techni cal
Field The present invention relates to a filter device
for filtering a contam nated fluid that contains

particles. Background Art 10 In a machi ne tool for
preci sion machining, for exanple, a fluid such as

coolant is used to lubricate or cool nachlned lmmmn
portions. Since particles of dusy, carbon,

L

*159159*

wel | as chips, becone mxed into the fluid as a

wor kpi ece is machined, a fluid of this type 15 is

gradiai Ty contam nat saote s posnt ot st el becdHHIINIIANR
unusabl e. There has been proposed a f dev

which rmagnetic inpurities in the contan1nated f|UId
are captured by magnetizing, by nmeans of a solenoid
coil, 20 chips as filter eFénBBRsSDEWMACEare produced by
the machine tool, for exanple, in order to filter the
contam nated fluid. A conventional filter device is
described in Jpn. Pat. Appln. KOKAI Publication No.

11- 77479. 25 Since the c ﬁ@@ﬂ%FéﬁaFlFﬂ?ter devi ce
descri bed . .above uses the filter e

formed of Tom sttt I bentibf 1Sl 8T8  bhoam Faf e device
d|3pq&§!%ﬂlﬂgrlng a contaminated fluid that contains

*G00002*

particles.
Background Art

In a machine tool for precision machining, for
example, a fluid such as a coolant is used to lubricate
or cool machined portions. Since particles of dust,
carbon, etc., as well as chips, become mixed into the
fluid as a workpiece is machined, a fluid of this type
is gradually contaminated to a point at which it
becomes unusable.

There has been proposed a filter device in which
magnetic impurities in the contaminated fluid are
captured by magnetizing, by means of a solenoid coil,
chips as filter elements that are produced by the
machine tool, for example, in order to filter the
contaminated fluid. A conventional filter device is
described in Jpn. Pat. Appln. KOKAI Publication No. 11-
77479,

Since the conventional filter device described
above uses the filter elements that are formed of

chips, it 1is subject to a substantial dispersion in
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2 filtering accuracy. Besides, filterable particles

are limted to netallic particles, such as chips of a
magnetic naterial, so that the device cannot fulfil

its filtering capacity for non-magnetic particles of 5
carbon, alum num etc., especially ultra-fine

particles of several tens of pmor thereabout. If the
filter elements that are forned of chips are used,
noreover, it is hard to clean the filter elements to
recover the filtering capacity when the 10 filtering
capaditlt drsidedethasy NCerd HiedSs!) f BLESe Pib1& hBa £hiPSes are
are very rough. Even though the filter elenents

(chi psimittesdremd west &l bl egpacostlys, theclefas echiphess a
filter elements (chips) nust be frequently changed,

t hus maanes diingnd tegora lands hi ge tosre deviDrectanmee HR1Li11
I nvention The surface of a filter medi um shoul d

pr ef értabl it L 95 Db AP ARbight 2 RPRTURRIRSFIGiRAFticles of

cleaning. In_order to enhance the fjlterjn _ ,

per { GATICE, HeETTUHg STo ORRE Sehse, U HbRevEine jparticles
has heen. supnosed Lo be 20 desitable,fg allow a |arge

nunber  of 1 Trregu ari t7es or pores to exist in the

surface 0f15'¥%éif£f£el ﬁi@ﬂén§§ t%géta?e formedtﬁg chips

snnoth-surface materi a as never been used as
filterdetdin MdredheF, Wor dss Rdeqfedteréag the filter

efficiency and the ease of cleaning have been 25

consiederethtiso tHae naworpatitd ef i Aoeoith nehpoc Ay edlgett the
filtering capacity is reduced, since the surfaces of
the chips are very rough. Even though the filter
elements (chips) themselves are not costly, therefore,
these filter elements (chips) must be frequently
changed, thus entailing labor and high cost.

Disclosure of Invention
The surface of a filter medium should preferably

be smooth enough to ensure efficient cleaning. In
order to enhance the filtering performance, according
to common sense, however, it has been supposed to be
desirable to allow a large number of irregularities or
pores to exist in the surface of the filter medium, so
that a smooth-surface material has never been used as
the filter medium. In other words, the filtering
efficiency and the ease of cleaning have been
considered to be incompatible. According to an eager
study conducted by the inventor hereof, however, it was

found that a high-performance filter device suited for
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study conducted by the inventor hereof, however, it

was found that a high-performance filter device

suited for 3 precision filtering and capabl e of easy

cl eaning can be obtained by conbining magnets with
spherical magnetic netal balls that are fornmed of

snoot h-surface steel balls, as described in detai

herein. 5 The object of the presgnt invention is to
provide a filter device capable of filtering

non-magnetic particles as well as magnetic particles

and fréaasyioc! ANt dgindg dhdit €spsevecerasgoydeNgah@ng can be
the present invention 10 is a filter device for
filterbtegireed doy aromiat reth§ | magnetonvathi sghpattatl magnetic
whi ch conprises a filter tank into which the

cont am el etk ¥13iithds anerodused, o4 smaghbtsurfark steel
filter mediumwhich is forned of an aggregate of a
IargéﬁﬁMh%era%fd%ﬁﬁkﬁb%%ll%e@%FabhlF%r%ﬁn15 a nagnetlc

t I d h k i
Toen tnat he SndSel aP L0E Britehy IS anh i By e By provide
O0C ALY L ey TROPELS LEMNLYoLY FPYROLE D hOnlRRBRELC
pOS! LI A0k & SECATEL POST 1o RN CORE gEEdha 8BPLYsy

20 a magnetic field to the netal her eby

causidiadrggmetal balls magnetically to attract one

anot her and be fixed to one another, when in the

first posidiphlasad dévicansetotiéngagbethe atebsaati dnvention

bet ween the netal
is a filter device for filtering a contaminated fluid
containing particles, which comprises a filter tank
into which the contaminated fluid is introduced, a
magnetic ball filter medium which is formed of an
aggregate of a large number of spherical metal balls of
a magnetic material and is held in the filter tank in a
manner such that the metal balls are movable relatively
to one another, magnets relatively movable with respect
to the magnetic ball filter medium between a first
position and a second position and configured to apply
a magnetic field to the metal balls, thereby causing
the metal balls magnetically to attract one another and
be fixed to one another, when in the first position and
to cancel the magnetic attraction between the metal
balls when in the second position, and holding means
for relatively moving the magnets between the first

position and the second position.

When a magnetic field is applied to the magnetic
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balls when in the second position, and hol di ng neans
25 for relatively noving the magnets between the first
position and the second position. Wien a magnetic
field is applied to the magnetic 4 ball filter

medi um according to the present invention, the netal
balls are fixed in contact with one another, and an
inwardly tapered, narrow gap is defined to be pointed
to a contact point between their respective 5
spherical surfaces. Since particles can be caught by

this gap apd) tde hékeunt hecparliifhesoCaAePBreaphYr €vention,
wi t hout regard to whether they are magnetic or non-

magnethe€ . m&t AT ebd hes netal fbaklisimi tbnsavet hishr éaeeanother,
are used as the magnetic ball filter nmedium noreover,

10 t hengbaan i thesrdhyi ngprsoveflar nbeenwcagaghtsodefhped to be
surfaces of the netal balls can be easily caused to

| eaver@Hetedret @l 2 baPn5a6y eahekl PAGWERAB ﬁ%@hétF@sPﬁéFave

to allow the netal balls to nove relatively to one
anot RERPeETFhgS &F BARFRg oﬁéPﬁ?iBﬁFtéSE?ﬁaFXPhge caught by

I ' b i .
Che. "HATE SS-Roari aR heRel neiF ePSEphEr Paf ARuBpoapEured

a?e Spnheri ca

bodi €5, 1,3 9EOUBEL! £,SERSEnLAEAL yaretﬁgﬁng§¥cmgklnon—

be su Ject tp sone dispersions in thelr iranet er
(sphepigade gk ames erde apder pupdneps1tBali8hesRBoth surfaces

attributable to inevitable factors, such as errors in

t he narelfassdresofthephegastibrphelabliytretoneaxanpl apreover,
the particles having so far been caught on the surfaces
of the metal balls can be easily caused to leave the
metal balls by canceling the magnetic field to allow
the metal balls to move relatively to one another
during cleaning operation, so that the cleaning can be
performed effectively.

Although the “balls” described herein are
spherical cubic bodies in a geometric sense, ideally,
they may well be subject to some dispersions in their
diameter (spherical diameter) and roundness that are
attributable to inevitable factors, such as errors in
the manufacture of spheres. Preferably, for example,
the metal balls are steel balls each having a surface
finished smooth, the respective diameters of the steel
balls being equal to one another. Alternatively,
however, a plurality of types of steel balls having
different diameters may be mixed with one another.

Preferably, the metal balls are held between
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the netal balls are steel balls each having a surface
finished snooth, the respective dianeters of the stee
bal | s being equal to one another. Alternatively, 25
however, a plurality of types of steel balls having
different dianmeters may be mixed with one another.
Preferably, the netal balls are held between 5

partition menbers formed of corrggated nmesh nenbers.

In this case, a pore dianeter of the nesh nenbers is
smal l er than the dianeters of the steel balls. Wth

t hi s grangiesve MembXor €Sf 6 fimé dleo MESHr FRgHEES MaBhamembers.
5 being closed by the steel balls, so that an opening

for Trhehpias sages ofa gpdteli diameeeerfaf | shéombehswenbeds is
Preferably, the filter tank has a dirty chanber
deflmmﬁhhﬂnﬂth&ﬂaWﬁﬂyﬁﬁﬁmﬁtﬁﬂ$ ¢fl the AbeplnPahdsa With
cl ean chanber defined over the magnetic ball filter

10 médtfmalFrrdRRe s 0B | SAnEke 1 PEPd FATPRESCF@anavoid

chanber, is caused to fall the dirt
t hr ol the” R Tﬁﬁls???fe?aﬁ%ﬁfuﬁ¥a§g?ﬁean opening for

magnet | c %’sgérégeg'éé k! f@ﬁ{é‘“?;}éée?'?%ﬁ?g-tga% gES?er.

haV|ng s& een caug ween

bal I's are y@@f@%ﬁﬂﬁYaM@HemfithP'§aﬁkuhgsagdd§§kyv%hﬁﬁber

to a sludge disposa unit or the like. By doing this
the magnetd€ baddr fhé tRdgnedidnbean beleasi hgdehranad a

as required by wutilizing the cleaned fluid in the
filterldankshadisrehyefireedi dveri nigecapasetycchalbefilter
recovered. In this case,
medium. In this case, a cleaned fluid in the clean
chamber is caused to fall into the dirty chamber
through the magnetic ball filter medium as the magnetic
ball filter medium is cleaned. Particles having so far
been caught in gaps between the metal balls are washed
away with this fluid and delivered to a sludge disposal
unit or the like. By doing this, the magnetic ball
filter medium can be easily cleaned as required by
utilizing the cleaned fluid in the filter tank, whereby
the filtering capacity can be recovered. In this case,
the filter device can be used directly for the
cleaning, so that the running cost is low.
Brief Description of Drawings
FIG. 1 is a longitudinal sectional view of a
filter device according to an embodiment of the present
invention;

FIG. 2 is a longitudinal sectional view of the

filter device taken along line F2-F2 of FIG. 1;



20 the filter device can be used directly for the
cl eaning, so that the running cost is low Brief
Description of Drawings FIG 1 is a |ongitudina

‘sectional viewof a filter device according to an
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enbodi nent of the present 25 invention; FIG 2 is a

| ongi tudi nal sectional view of the filter device

taken along line F2-F2 of FIG 15 6 FIG 3 is an

enl arged sectional view showing a part of a filter
mediumunit of the filter device shown in FIG 1

FIG 4 is prsecti pgahnvégWatypHcaktyishaw nged Bhetahg a
during filtering operation of a filter equi pnent
provipketk vt ha t hiel fet treed tleni ceishotntha EiGtet; dEbGece shown
5 is a side view showi ng a behavior during filtering
oper atri ofL@f B magnetic ball filter nediun1of t he
filter device shown in FIG 1; 10 FIG 6.is

sect i onal 51%m1@yb$c%lF?CEHGRP%gvéewsFépéCéé#NnéhOWlng a
cl eani n L op rafion the filter equi pre

i 3T htean%emﬁ%egh%w%rmfnl por PhREE ‘8 Guipnent
h .
oper TSP RT e RENRY O &%{’F?ergi‘gﬁg' B FLGsy 1

e nmagnetic I'um

the filterpgeyvice;showa;hd F1G Thokfy 8 b8ndvdLa0kAPing

showi ng the nunbers of particles in contam nated

flui ds; cont Bhdi H\9e PRINSH I 6f a magnetic ball filter medium of
the filter device shown in FIG. 1;

FIG. 6 is a sectional view typically showing a
state during cleaning operation of the filter equipment
provided with the filter device shown in FIG. 1;

FIG. 7 is a side view showing a behavior during
cleaning operation of the magnetic ball filter medium
of the filter device shown in FIG. 1;

FIG. 8 is a diagram showing the numbers of
particles in contaminated fluids containing magnetic
particles obtained before and after filtering
operation; and

FIG. 9 is a diagram showing the numbers of
particles in contaminated fluids containing non-
magnetic particles obtained before and after filtering
operation.

Best Mode for Carrying Out the Invention

An embodiment of the present invention will now be

described with reference to FIGS. 1 to 9.

A filter device 10 shown in FIGS. 1 and 2
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particles obtained before and after filtering
operation; and 20 FIG 9 is a diagram show ng the
nunbers of particles in contam nated fl uids
cont ai ni ng non- magnetic particles obtained before and
after filtering operation. Best Mde for Carrying Qut
the I nvention 25 An enbodi nent of the present
invention will now be describedowth reference to
FIGS. 1 to 9. Afilter device 10 shown in FIGS. 1 and
2 7 conprises a filter tank 11 and a filter nmedi um

unit ddmprildes materiabrofatRerfi bharat ankedl h@d@um unit 12.
nagnetlc mat eri al such as an iron-based netal

coverrhousdtngridB ¢85 phovidedeat thhe topipasat mef;nbbec
filter tank 11. 5 Defined in the filter tank 11 are a

di rt ynacthearoel S5ch sas uah edrondeasetieméthier Aedbuer housing
unit 12 and a clean chanber 16 situated over the

filter3 neslirpeuiied 12t t}‘l'ﬁetgppéiirbapf thet RelEksanank 11.
chanmber 16 is hernetically closed a partition wal

17. 1%Wmtlarm%@e&l%r%mt@ﬂkeilzer?hat déﬁéﬁschﬁmeer 15

(e b Shambegs Lo  PLERCLY, Lhe Loret PRl o o

Cont e A8 LECLER P e, L PRECEAT LD FRNER k12

It Eleegl;kgé;nu%]éaﬁb ShEancf! uhd QuLLRt cRAnbbat 18P€BSHERREtically
closed by a partition wall 17.

A contaminated fluid inlet 20 that opens into the
dirty chamber 15 is formed in the lower part of the
filter tank 11. A contaminated fluid that contains
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 c¢lean chamber
16 is formed in the 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 fed into

the clean chamber 16. A drain port 26 with a drain

valve 25 is provided at the bottom portion of the
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16 is forned in the 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 20 that is
provided with an air valve 23 for use as atnospheric
pressure rel easing neans. The clean chanber 16 can be
opened to the atnosphere by opengng the air valve 23.
Alternatively, the air supply pipe 24 may be
connected wth a source of conpressed air 25 supply.

In thiS asesarconmpr essed air can be fed into the
cl ean chanber 16. A drain port 26 with a drain valve
25 i s proviigedt Al t¢hemdoditonupbtt idnisf cohetB8uctiekdt en the
tank 11. The filter nmediumunit 12 is constructed in
t he IﬂQﬂMQWﬁm@IWth%W FIG 3 is an enlarged sectiona
VIGM/ShOMAnﬁ% 3 part of the filter pnediumunit 12.

di

The filterF

m s uhitendargedr s9raéanait Kipyr 6nPFeRg 2

(pundiiiy %%)flét"é?ﬁ?% FH ot by L2or abR°pbrLLgh Bgdium

31,

QL BASANE ST OUNAGH G DY S1E, PBLEELE PR, TRIRELSS39020da 31

a magnetl [ er nedr um cont al ne

in the fhidd efs nedi Mm St oF arggsh pﬂéﬁb@?&?puﬁ:ﬂ%s metals), a

dianeter d (shown in”" FIG 3) of the nesh nenbers as
the naterdalmedidmesarddd i 9droeshess 80 andase surrounded

by the partition members 30 and 31, and a magnetic ball
filter medium 33 contained in the filter medium storage
portion 32.

A pore diameter d (shown in FIG. 3) of the mesh
members as the material of the partition members 30 and
31 is smaller than the diameter of metal balls 35,
which will be mentioned later. If the diameter of the
metal balls 35 is 2.2 or 2.8 mm, for example, the pore
diameter d of the mesh members is 1.5 mm. Thus, pores
in the mesh members can' avoid being closed by the metal
balls 35, so that an opening for the passage of a fluid
never fails to be secured.

The magnetic ball filter medium 33 is an aggregate
of a large number of metal balls 35 of a magnetic
material (e.g., steel balls). These metal balls 35 are
held in the filter medium storage portion 32 so that
they can move relatively to one another in a free state
without application of any magnetic field.

Specifically, the metal balls 35 are housed with an
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31 is smaller than the dianmeter of nmetal balls 35, 15
which will be nmentioned later. If the dianeter of the
netal balls 35 is 2.2 or 2.8 nm for exanple, the pore
di ameter d of the nesh nenbers is 1.5 mm Thus, pores
in the nesh nenbers can avoid being closed by the
netal balls 35, so that an opening for the passage of
a fluid 20 never fails to be segured. The magnetic
ball filter medium 33 is an aggregate of a |arge
nunber of nmetal balls 35 of a magnetic materia

(e.0.a188eehcbalhsy - cHhesendrt ak rbabbsc 3§apsebeBREENI Bhe
the filter nmedium storage portion 32 so that 25 they

can nger epatt velyntmeniber apot hed theambéted shale 35.
wi t hout application of any magnetic field.
SpeciThesd Ipetd hebaktal 3bakts 8beatebhdblsedfwwvhhchntBe
al |l omance such that there are sone gaps between the
upperspafa¢es onr erehbeisided apmoehk- netal balls 35.

These netal balls 35 are steel balls of which the
surfaces afeeffAtaheBashdobh. hSV?hé“nﬁﬁéﬁrﬁéﬂl§p§§arance

h t I h
i S P L PP oS E PSR BT boRheb i AE pey 3 paLL
bal I's, 35 can bersatjsfactorily 9§eganeﬁssnsgb%99cwmy used

surface roughness and dianeter ~di spersion are not
hi gh dfe@Cehbagy @ﬁeipo§§r9£c@ §ngﬁhbsge§ﬁHn81aEE€er

respective dianeters of all the netal balls 35 that
are cONépePetohnatbendt!| §6rhdBHI UM accuracy as those of a
ball bearing. The respective diameters of all the
metal balls 35 that are contained in the filter medium
storage portion 32 are equal. In some cases, however,
it is to be desired that a plurality of types of steel
balls with different diameters should be mixedly used.
The filter medium unit 12 is formed with a magnet
storage portion 40. Magnet guides 41 in the form of
bottomed containers are inserted in the magnet storage
portion 40. The magnet guides 41 extend from the
magnet storage portion 40 to the vicinity of the top
part of the filter tank 11.
The magnet guides 41 contain magnets 45. An
example of each magnet 45 is a strong permanent magnet.
The magnets 45 can relatively move in the vertical
direction along the magnet guides 41. They are movable
with respect to the magnetic ball filter medium 33

between a first position A on the lower side indicated

by solid line in FIG. 1 and a second position B on the
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storage portion 32 are equal. In sone cases, however,

it isto be desired that a plurality of types of stee
balls with different dianeters should be m xedly used.

15 The filter nmediumunit 12 is formed with a nagnet
storage portion 40. Magnet guides 41 in the form of
bottomed containers are inserted in the nmagnet storage
portion 40. The magnet gui des 4liextend fromthe

magnet storage portion 40 to the vicinity of the top

20 part of the filter tank 11. The nmagnet gui des 41

cont aigpsRONESS #didate@xBPPtRoctoeaehamBgnehedini $1&. 1.
strong pernmanent magnet. The nagnets 45 can

rel atWhvet ytioveagmet fled Yeatecal tudtedctinonhal dagsth@osition
magnet gui des 41. They are novable 25 with respect to

t he rMagneth croapectitoethaediane83c betweénliefi medium 33,
position A on the |lower side indicated by solid |line

in FIeey apely %e%%%@ebb§|fF@%dBtantPﬁemEGaluﬁﬁéﬁs 35,

si de i.ndicated t wo- dot _chai n

The' RS 45T b1Y ThatBRCEn PRALF: P5 MpgbetisAt Ik to
with e t I ter '

they S5 olrdioEREPorhS B8 kbt S Tharpd pddnges 45
ther%QMaQQy§é@g%$h€h@E§@$09§|ﬁ§s§§lgﬁg@ethg§EB¥eEo the

attract one another and be fi xed. hé magnets 45

are ekt 0c t e s£6006n POSt ik en Bhenﬁéeayebaluge35 is
magneti c attracti on between the netal balls 35 is

cancetat;e W) ewiponetpen nehal mbaklsb3b1lar 85aklrewed lbaed to
move.

Holding means for relatively moving the magnets 45
between the first position A and the second position B
comprises lift rods 50 attached individually to the
magnets 45, a horizontal connecting member 51 that
connects the respective upper end portions of the 1lift
rods 50, an upwardly extending operating member 52
fixed to the connecting member 51, etc. The operating
member 52 is configured to be driven in the vertical
direction by manual operation or by means of an
actuator (not shown) so that it can move the magnets 45
between the first position A and the second position B.

FIGS. 4 and 6 show an outline of a filter
equipment 60 that has the filter device 10. The filter
equipment 60 comprises a dirty tank 61, a clean tank
62, the filter device 10, a sludge disposal unit 63,
etc. As shown in FIG. 4, a contaminated fluid Q1 that

contains particles to be filtered is fed to the
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10 nove. Hol ding neans for relatively noving the

magnets 45 between the first position A and the

second position B conprises lift rods 50 attached
individually to the magnets 45, a horizontal

connecting nenber 51 that 15 connects the respective
upper end portions of the lift rods 50, an upwardly

ext endi ng operating nenber 52 fixed to the connecting
menber 51, etc. The operating nenber 52 is configured
to be driven in the vertical direction by manua

oper atbhbafinbyecteansiaf iane202acbifatdle (FIQteTN@AMVi O 10

it can nove the magnets 45 between the first

posi t tbnoghnd phepsébond paget i66n Bnd Bl @8lve &vVd 6 A
show an outline of a filter equi pnment 60 that has the
filterledenpdefinidTRE finl tEe céganpmbrmber domef dde £ilter
dlrty tank 61, a clean tank 25 62, the filter device
10, adeviagelBi spo¥aFhdrptneinter cheaslemawtank @igthrough a

4, a conta ated fluid that contains particles to
Spe riTEorea’ o'

20 of th I 1 '

o e 1 ey SUB5 L e
Chanb@én@@m@ha%@@ Enlitaro lde¥%C§h$Qn'%rM%ﬁ@griwnﬂH@“%alves
the clean tank 62 through 5 valve 70 and ‘a pipe 71.

In a g7l 4gai ng precepsntar bhbt ehengrizhe v@qrtteamsna_tsed:losed.
fluid QL, as showmn in FIG 4, the valves

s?P&d®t B+Pfie

cont am nat ed quid i nl et

Then, the contaminated fluid Q1 in the dirty tank 61 is
supplied to the dirty chamber 15 of the filter device
10 by the pump 65. Further, a magnetic field is
applied to the magnetic ball filter medium 33 by moving
the magnets 45 of the filter medium unit 12 to the
first position A (shown in FIG. 1).

Since this magnetic field fixes the metal balls 35
in contact with one another, as shown in FIG. 5, an
inwardly tapered, narrow wedge-shaped gap G is defined
to be pointed to a contact point C between the
respective spherical surfaces of the metal balls 35.

As the contaminated fluid Q1 flows near the contact
point C between the metal balls 35, particles S get
into the depth of the gap G and the like, whereupon the
particles S are captured. Thus, the particles S can be
captured without regard to whether they are magnetic or
non-magnetic. If the particles S are magnetic, the
particles S can be attached to thg surfaces of the

metal balls 35 that are magnetized by the magnets 45.
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67 and 70 are opened, and the drain valve 25 is

cl osed. Then, the contamnated fluid QL in the dirty
tank 61 is 10 supplied to the dirty chanber 15 of the
filter device 10 by the punp 65. Further, a nmagnetic
field is applied to the magnetic ball filter nmedi um
33 by noving the magnets 45 of the filter nedi um unit
12 to the first position A (shoyw in FIG 1). 15
Since this magnetic field fixes the netal balls 35 in
contact with one another, as shown in FIG 5, an

inwardly tapeegd, aRduheWowedgR- $harad 18P sCdaptdsfddef, the
to be pointed to a contact point C between the

respecigrnet spheaitafisuetanesiah BBe igetialcrdalslesi,3%he filter
20 As the contam nated fluid QL fl ows near the contact

poi ntp€r bermernet hewpesal Bakllsa85ngparbicelses iS getrformed in
into the depth of the gap G and the |ike, whereupon

the PBafeFclesrecavercapeuteédteThgsrirnmapaeti clles tge

can be, captured without regard to whether they are
magnette2B+35PReRSAAgnERPCc VARV ePnE /pard dledts &hesed, as
magnet.i c, the 8rt'c|es S, can _be at&ach

he .

surf atagh i 1R nERC uPal SB) FEC3A EN SR XFeggaB%E%VEed“bflG- 2)

the ”PQ”S%énéﬁ; %ZerELPBHetﬁED#HEe9§th £PREE €h8S nSchamber
y the C ba 371s

capt ured magnet I'I'ter medi um

i ncrepseds &benkhl ter cnBertAbEBACS . OWR St hALC! @RAI Bdmp 65
process is performed in order to recover the filter

per f of srweSpped tbeopefil €ABI BGapPhoGaSTe DBE VahvemaGhets 45
and 70 are cl osed, as
of the filter medium unit 12 are moved to the second
position B (shown in FIG. 1). Thereupon, the magnetic
field having so far been applied to the magnetic ball
filter medium 33 in the filtering process is canceled,
SO thét the metal balls 35 are allowed to move
relatively to one another, as exaggeratedly shown in
FIG. 7.
As a result, the cleaned fluid Q2 in the clean
chamber 16 is dropped toward the dirty chamber 15
through the filter medium unit 12 by its own weight.
When this is done, the cleaned fluid Q2 in the clean
chamber 16 may be quickly forced out toward the dirty
chamber 15 under air pressure by supplying compressed
air from the air supply pipe 24 (shown in FIG. 2) to
the clean chamber 16.
As the cleaned fluid Q2 flows from the clean
chamber 16 toward the dirty chamber 15, the surfaces of

the metal balls 35 are cleaned off with the cleaned
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shown in FIG 6, and the air valve 23 (shown in FIG

2) is opened, whereupon the interior of the clean

chanber 16 is opened to the atnosphere. Further, the

punp 65 is stopped to open the drain valve 25. The

magnets 45 10 of the filter mediumunit 12 are noved

to the second position B (shown in FIG 1).

Ther eupon, the magnetic field haging so far been

applied to the magnetic ball filter medium33 in the
filtering process is canceled, so that the netal

bal | stBoiarg@2al | speditocanyg, 18 gabat!vekywkenotte spherical
anot her, as exaggeratedly shown in FIG 7. As a

resul surfaecs| eadedst | asdsBwnninh€I€l.edn Akacherindy, the
I's dropped toward the dirty chanber 15 through the
filtdP2RelFbes uhi Ra1dngyspt §aswherpi gatghzob@keserhithie metal
is dane,.the_cleaned fluid @ in the clean chanber 16
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the cleaned 13 fluid . Specifically, a gap G

bet weghrdingh spherdcaln sortagesintdense asusfewdiisposal unit
FIG 7. Accordingly, the particles S having so far
been Thughtséptyeeedt Aeomethe fluid and recovered by the

sludge disposal unit 63.

According to the filter device 10 of the present
embodiment, as described above, the magnetic ball
filter medium 33 can be cleaned easily and quickly by
utilizing the cleaned fluid Q2 in the filter tank 11 as
required if the filtering capacity is reduced, so that
the filtering capacity can be recovered in a short
time. Since the filter device 10 itself can be used
directly for the cleaning, moreover, the running cost
is low.

FIG. 8 shows results of observation of the numbers
of particles in sample fluids performed with an optical
microscope before and after the fluids were actually
filtered by the filter device 10. The sample fluids
were oil-base coolants in which magnetic particles (FCD
chips) were mixed and which flowed at a rate of
30 liters/min.

A large number of magnetic particles with



balls 35 can | eave the snmooth surfaces of the netal 5
bal s 35, so that cleaning can be carried out easily
and effectively. A sludge that contains a |arge
quantity of particles and the |like and is discharged

t hrough the drain port 26 into the sludge disposa

unit 63 is separated fromthe fluid and recovered by
the 10 sludge disposal unit 63. Agcording to the

filter device 10 of the present enbodi nent, as

descri bed above, the magnetic ball filter nedium 33
can begalieabedteasirkyeandafueicekky olty 2.6t itbi 3ieNg LRe were
cleaned fluid @ in the filter tank 11 as 15 required
i f theb$étvedi hg uvapatieyedscredanedatsd tfhatidst.he However,
filtering capacity can be recovered in a short tine.

Si ncecrhg fevtBrIBEYiEeP2Oticdesf ofar -Petgséd8 um were

directly for the cleaning, noreover, the running cost
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flowed at a rate of 30 liters/mn. A largé nunber of

magnedkempPbé | | hesrwmbhaldraegubyapgntieilkel @chip removal
di aneters of 2.6 to 56.8 pmwere
rate) was 98.7% with the SS concentrations (mg/liter)
10 of the contaminated fluids and the cleaned fluids at
299 and 4 ppm, respectively.

FIG. 9 shows results of observation of the numbers
of particles in water-soluble sample fluids, which
contain particles of a non-magnetic material

15 (aluminum), performed with the optical microscope when
the fluids were filtered by the filter device 10. The
flow rate was 20 liters/min. A large number of
particles of 2.6 um to 50.9 um were observed in
unfiltered contaminated fluids. However, only few non-

20 magnetic particles of 2.6 um to 9.8 um were observed in
filtered cleaned fluids. Thus, it was confirmed that
relatively large particles and ultra-fine particles
with diameters up to approximately 10 um were also able
to be removed satisfactorily. In this example, the

25 particulate removal rate was 98.4% with the SS

concentrations of the contaminated fluids and the

cleaned fluids at 123 ppm and 2 ppm, respectively.



observed in unfiltered contam nated fluids. However,

only few magnetic particles of 2.6 to 5.8 pmwere

observed in filtered cleaned fluids. Thus, it was 5
confirmed that relatively large particles and ultra-

fine particles with dianmeters up to approximately 10

pm were able to be renoved satisfactorily. In this

exanpl e, the renoval rate of partgcles (chip renoval

rate) was 98. 7% wi th the SS concentrations (ng/liter)
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the contam nated fluids and the cleaned fluids at 123
ppm and 2 ppm respectively.



15 Industrial Applicability In carrying out the
present invention, it is to be wunderstood that the
conmponents of the invention, including the filter
tank, netal balls of the magnetic 5 ball filter

medi um magnets, hol ding neans, etc., may be enbodied
in suitably nodified forns without departing fromthe
spirit of the invention. 16 CL1A |l MS 1. Afilter
device for filtering a contam nated fluid containing
particles, the filter device characterized by
conprising: 5 a filter tank Il)a imtw ghi ch the
contaminated fluid is introduced; a magnetic bal
filter nmedilum A33) lukirckeivd cleorfived £ idft eari naggr egattandfinated
a large nunber of spherical netal balls (35) of a
nagnegi%lﬁaﬁ@ﬁtaﬂnaﬁﬁ pParkérdesn the foltelrt ceviaek

(11) manner such that the netal balls (35) are
novab%a?%?s?wéw P¥ GREPEAGELREF; magnets (45)

| at I t .t t bal |
el oLl Ve Y RYRELE Vbl LeRethounlle TR e o
Secon@l@?&'léoanFQ%S?EE'gured to apply 15 a magnetic

field to the neta s (35), thereby causing the
metal ballg (3§hetmanNghigalklytke %ﬁ&%ﬁt (387 vAUNEls formed

and be fixed to one another, when in

of an aggregate of a large number of spherical metal
balls (35) of a magnetic material and is held in the
filter tank (11) in a manner such that the metal balls
(35) are movable relatively to one another;

magnets (45) relatively movable with respect to
the magnetic ball filter medium (33) between a first
position and a second position and configured to apply
a magnetic field to the metal balls (35), thereby
causing the metal balls (35) magnetically to attract
one another and be fixed to one another, when in the
first position and to cancel the magnetic attraction
between the metal balls (35) when in the second
position; and

holding means (50) for relatively moving the
magnets (45) between the first position and the second
position.

2. A filter device according to claim 1,
characterized in that the metal balls (35) which

constitute the magnetic ball filter medium (33) are

steel balls each having a smooth surface, the
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first position and to cancel the magnetic attraction
between the netal balls (35) when in the second 20
position; and hol di ng neans (50) for relatively noving

t he

magnets (45) between the first position and the

second position. 2. Afilter device according to
claiml, 25 characterized in that the metal balls

(35) which constitute the magnetizc ball filter medium
(33) are steel balls each having a snooth surface,

t he

17 respective dianeters of the steel balls being

equal reepeonévandtibeketelds Aff idHers tdayi %l@@%&r&% ddhal to
claim1, characterized in that the netal balls )

mhlchosecéngtheute the magnetic ball filter nedlum
(33) are steel bal | s each having a snooth surface,
the steel S3bal PsfBéiteg éifeV&O@l Wealdndi raf ttoy pes thavii ,ng

di fferent i a

and m xed with one another. 4. A

filtef 3BT Erééﬁgrapnéh?é EpﬁlW@ﬁall@aéﬂérd@ﬁéiwhyﬁh
| | er
hgdfEﬁ§s%€?BEE£S%P??%ﬁ%F%§f sg?ﬁ&u%&g&eﬁymeﬁﬂéﬁhré&ﬁsare

ne

(30, §€%eioﬁgﬁgsoéagﬁréggﬁkgeangﬁgple?%?%%ﬁcevhghe steel

nbers having a pore

I anetrer sma

di anet£1 Bs Obe L hg §fe§|p@§k5§it}50§'t@p&%lkggiqgvhg%ferent

according to claim 3,

diameters and mixed with one another.

4. A filter device according to claim 2,
characterized in that the metal balls (35) are held in
a filter medium storage portion (32) surrounded by
diaphragms (30, 31) formed of corrugated mesh members,
the mesh members having a pore diameter smaller than
the diameters of the steel balls.

5. A filter device according to claim 3,
characterized in that the metal balls (35) are held in
a filter medium storage portion (32) surrounded by
diaphragms (30, 31) formed of corrugated mesh members,
the mesh members having a pore diameter smaller than
the diameters of the steel balls.

6. A filter device according to any one of
claims 1 to 5, characterized in that the filter tank
(11) has a dirty chamber (15) which is defined under
the magnetic ball filter medium (33) and into which the
contaminated fluid is introduced and a clean chamber
(16) which is defined over the magnetic ball filter

medium (33) and contains a cleaned fluid filtered
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characterized in that the nmetal balls (35) are held in

a filter medium storage portion (32) surrounded by

di aphragnms (30, 31) forned of corrugated nesh nenbers,

the nesh nenbers having a pore dianeter snaller than

20 the dianmeters of the steel balls. 6. Afilter

devi ce according to any one of clains 1 to 5,
characterized in that the filterigank (11) has a

dirty chanber (15) which is defined under the

magnetic ball filter medium (33) and into which the 25

cont athhatgd thei fagBetntr pducediand rapeli@am qhaybersng
(16) which is defined over the nagnetic ball filter

medi upafB88Flamdadbatangsta cheanedafll biad1ki latrer edsh@d away
through the magnetic ball filter medium (33), and

part iy esanghegi hget olehredefahibalhs thee cheshedhanier (16)
by causing the cleaned fluid in the clean chanber (16)

to faf? fatb theodireydérambehansy tAPoughrohghs the

[ | fi [ h [ [
????gﬁéiggg%ﬂ1?%g§e¥§ggg%gﬁéé§§% ?%3% Ssngggehg%n%%ic ball

filter medium (33) is cleaned.



