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DESCRIPTION FILTER DEVICE Technical Field The present invention
relates to a filter device for decontaminating a contaminated fluid in which
chips, fine sludge, etc., are mixed, for example. Background Art 10A
machine tool or the like for machining, such as cutting, grinding, etc., uses
a fluid such as a coolant for cooling a workpiece. This fluid is mixed with
foreign matter, such as chips produced bylmachining, fine sludge, etc. In
order to reuse the contaminated 15fluid that contains the chips, sludge,
etc., a filter device is used to remove the chips, sludge, etc., from the
contaminated fluid. The fhventors hérdofthale %ﬁb Been investigating
and developing filter devices and developed, as part of 20them, a filter
device that uses a filter element formed of a punching metal. For example,
a punching-metal filter element is desarifredoindporUM Appin. KOKOKU
Publication No. 4-33929. In manufacturing the punching metal, a large
number of punch holes are bored through 25a metal plate by means of a

press die that has a large Technical Field

The present invention relates to a filter device
for decontaminating a contaminated fluid in which
chips, fine sludge, etc., are mixed, for example.

Background Art

A machine tool or the like for machining, such as
cutting, grinding, etc., uses a fluid such as a coolant
for cooling a workpiece. This fluid is mixed with
foreign matter, such as chips produced by machining,
fine sludge, etc. In order to reuse the contaminated
fluid that contains the chips, sludge, etc., a filter
device is used to remove the chips, sludge, etc., from
the contaminated fluid.

The inventors hereof have long been investigating
and developing filter devices and developed, as part of
them, a filter device that uses a filter element formed
of a punching metal. For example, a punching-metal
filter element is described in Jpn. UM Appln. KOKOKU
Publication No. 4-33929. In manufacturing the punching
metal, a large number of punch holes are bored through
a metal plate by means of a press die that has a large
number of pins. These punch holes are formed at

predetermined pitches in the metal plate. This
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number of pins. These punch holes are formed at predetermined pitches
in the metal plate. This 2 punching metal is formed into a cylindrical
shape and set in a filter tank. As a contaminated fluid flows from the outer
peripheral side of the filter element to the inner peripheral side, chips and
the like that are 5contained in the contaminated fluid adhere to the punch
holes. The punch holes of the punching-metal filter element are
formed by means of the press die that has the large number of pins. The

punch holes that are 10punched out by the pins of the die have an inner
surfa%%l}ﬁgﬁ@%tfﬁ?gﬁ]m fHe thickRgss aﬁé@uo% Stthe MethFplate THee and

innerssurface of the pupch holes is rugged, haying shear marks and the . o

like. Inevitably, moreover, openings of the punch holes are 15subject to
projettions sheh as barrsphrthisfilter elemelrt, elips iase fiabledo stickrigant to
or be caught by the punch holes, so that the chips cannot be disengaged

with BSe JREBMEEASER" rictefore dfie cﬁfbéﬁﬁafﬁféil telse Pekfisvedisy: 2

only rquznq the surfa el'sx of the gg}crlllger{ e?tivgligaasghaep bcadedhe punch
that clogglng may GCCUF.

holes.

The punch holes of the punching-metal filter
element are formed by means of the press die that has
the large number of pins. The punch holes that are
punched out by the pins of the die have an inner
surface that is straight in the thickness direction of
the metal plate. The inner surface of the punch holes
is rugged, having shear marks and the like.
Inevitably, moreover, openings of the punch holes are
subject to projections such as burrs. In this filter
element, chips are liable to stick in or be cauéht by
the punch holes, so that the chips cannot be disengaged
with ease. In some cases, therefore, the chips may
fail to be removed by only rubbing the surfaces of the
filter element with a scraper blade, so that clogging
may OCCur.

In order to form the punch holes in the metal
plate with use of the die that is provided with the
large number of pins, moreover, a relatively soft
material must be used as the metal plate for the
punching metal. Therefore, the punching-metal filter

element has low stiffness and is easily deformable.



10

15

20

25

In order to form the punch holes in the metal plate with use of the die that
is provided with the large number of pins, moreover, a relatively soft
25material must be used as the metal plate for the punching metal.
Therefore, the punching-metal filter element has low stiffness and is easily
deformable. 3 Depending on the contac.t state of the scraper blade for
removing the chips adhering to the filter elément, the punching metal may
be deformed, thus leaving room for improvement. Disclosure of Invention
Accordin%%/,%the object of the present invention is_to provide a filter device
[

in wHIEH chips Bhdthe 1RE i & tohtaminafed fiuid chn he edsiy SEparatstf for
from atiies slement. solihalclagging cagnatocoyr with £ase. o1 A AR, the
device of the present invention comprises a filter tank stored with a
contaminaitech fiuidanhith coeptdirs chifis, mnfiter droamsrotatablyrdisposed ifor
the filter tank and immersed in the contaminated fluid, and a drive
mecH&RiSMYFHER Fotates the filter drum around the axis of the filter drum.

The filter drum includes a fiﬂ)tggg Cr)ngentgvh(i)c#‘a ifrprgd %ednby forming a

porous plate having a large humber of ‘circuration holes theérein into a

cylindrical shape.:suchdhat an inletportefeach ofitbe gireulation halesnt i on
opens in the peripheral surface of the porous plate and that an outlet port
opensdn an inmerdetipherdlisurface &f thecporousypidteh Thé tiveulatioh the
holes of the porous plate are formed by etching and have a shape such

that 254 §malleét openirig ETBMEd i tFo56 Be&ortstifie Pordusiates

in the:thickness direction thereaf so that the gpening width thereofis ooy r

minimum between the inlet 4
with ease.

A filter device of the present invention comprises

a filter tank stored with a contaminated fluid which
contains chips, a filter drum rotatably disposed in the
filter tank and immersed in the contaminated fluild, and
a drive mechanism which rotates the filter drum around
the axis of the filter drum. The filter drum includes
a filter element which 1is produced by forming a porous
plate having a large number of circulation holes
therein into a cylindrical shape, such that an inlet
port of each of the circulation holes opens in the
peripheral surface of the porous plate and that an
outlet port opens in an inner peripheral surface of the
porous plate. The circulation holes of the porous
plate are formed by etching and have a shape such that
a smallest opening is formed in a cross section of the
porous plate in the thickness direction thereof so that

" the opening width thereof is minimum between the inlet
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port and an intermediate part with respect to the plane thickness direction,
that the opening width gradually increases from the smallest opening
toward the outlet port, and that the opehino width is maximum at the
5outlet port. According to the present invention, the circulation holes of
the porous plate that functions as the filter element are formed by etching
and have a shape such that the smallest opening is formed so that 10the
opening width thereof is minimum between the inlet port and the

mtermgg@tg _Qgrt a\NIth. %eggect tg ,thfgf glate thlcknesbs drlreectlon, ar]cdoth t the

operfing width gradually increases from-the sniallest Spaning foward the °-atS

outlet port o éym a tapered shapentherefereslachipsand thelikeindhg 1y

contaminated fluid cannot be easily sticked in the 'porous plate and are
ready toeseparate frownthelporous platss tThecehipsiand thealike thae outlet
adhere to the filter element easily exfoliate without clogging the circulation

bide$ When T 26 Fiftr SRR TOtARSS, tHeteford ShBy FaR @asfF the

exfoliate from g}«;rf{!t_er ele_ment._ The exfoliated chips and the like are

scraped out toward an exit section by a scraper conveyor, for example. In

a preferred formoafdhe present aventiepcthe 25Rlehpardis, formed with

the smallest opening and the outlet port is formed with the largest

openfiig: Hthe chrellation holesfarelGrchfar Othe iRsidé didrhéter 6hake lons as

smallest openipg shoyld be, greater than the, thickness,of the porous plate,
shape such that the smallest opening is formed so that
the opening width thereof is minimum between the inlet
port and the intermediate part with respect to the
plate thickness direction, and that the opening width
gradually increases from the smallest opening toward
the outlet port to form a tapered shape. Therefore,
chips and the like in the contaminated fluid cannot be
easily sticked in the porous plate and are ready to
separate from the porous plate. The chips and the like
that adhere to the filter element easily exfoliate
without clogging the circulation holes. When the
filter element rotates, therefore, they can easily
exfoliate from the filter element. The exfoliated
chips and the like are scraped out toward an exit
section by a scraper conveyor, for example.

In a preferred form of the present invention, the

inlet port is formed with the smallest opening and the

outlet port is formed with the largest opening. If the

circulation holes are circular, the inside diameter of
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In a preferred form of the present invention, the filter drum may be formed
into a cylindrical shape, a scraper blade may be located adjacent to the
outer peripheral surface of the filter drum, and a distal end of the scraper
blade may extend in the direction of the axis of the filter drum so as to be
in contact with or in close vicinity to the outer peripheral surface of 10the
filter drum. The filter tank may include a filfer tank body which
accommodates the scraper conveyor and a filter accommodation chamber
Whicltwhi% Ioscrgéqd ge%ide trga% f.iI;tler taglé bggy.bln a preferred fo}gm of the
present invention, $he fiftst drlirh i3 Accommodated in the fiter =€
accommedationschambele Bsief Descriptionof Drawings FIG. lisa
sectional view of a filter device according to a first embodiment of the
present inveéntioh; ROFIE.1Z izda Sectionafvieneofthe fikertdevicetakenn, the

along line F2-F2 of FIG. 1; FIG. 3 is a plan view of a part of a porous
p|at§&fl&ﬁﬁerdd%% SfoviP i EETEY 10t0 &1 YA 4 EdGibnal URiF - 2

of the partof pareus; 25plate taken alongline,F4-FA.OLFIG FIG. 5 58 o
sectional view of a porous plate according to a Second embodiment of the
presemntr 6pgheerdionsurface of the filter drum, and a distal end
of the scraper blade may extend in the direction of the
axis of the filter drum so as to be in contact with or
in close vicinity to the outer peripheral surface of
the filter drum. The filter tank may include a filter
tank body which accommodates the scraper conveyor and a
filter accommodation chamber which is located beside
the filter tank body. In a preferred form of the
present invention, the filter drum is accommecdated in
the filter accommodation chamber.
Brief Description of Drawings
FIG. 1 is a sectional view of a filter device
according to a first embodiment of the present
invention;
FIG. 2 is a sectional view of the filter device
taken along line F2-F2 of FIG. 1;
FIG. 3 is a plan view of a part of a porous plate
of a filter drum shown in FIG. 2;
FIG. 4 is a sectional view of the part of porous
plate taken along line F4-F4 of FIG. 3;
| FIG. 5 1s a sectional view of a porous plate

according to a second embodiment of the present



10

15

20

25

FIG. 6 is a sectional view of a porous plate according to a third
embodiment of the present invention; 5FIG. 7 is a sectional view of a filter
device according to a fourth embodiment of the present invention;

FIG. 8 is a sectional view of the filter device taken along line F8-F8 of FIG.
7; and 10FIG. 9 is an enlarged view of a part of the filter device shown in
FIG. 8. Best Mode for Carrying Out the Invention A filter device according
to a first embodiment of the present invention will now be described.
with 15reference to FIGS. 1 to 4. FIG. 1 shows an outline of a
contaminated At recovery apparatus. The contaminated fluid recovery
apparatus is-gged o remove;foreig matter fiom gcoplant used ina, o
machine tool 1, such as a machining 20center, thereby making the coolant
reusableoThe rcontamiaatedicablanticisthasged fsdmtthe machire:tool 1 is
an example of the contaminated fluid D. Mixed in the contaminated fluid O
are chip<8fai? aluminum alloy, chips of a ferrous metal and the like, fine

FIG. 7 is a sectional view of a filter device
according to a fourth embodiment of the present
invention;

FIG. 8 is a sectional view of the filter device

taken along line F8-F8 of FIG. 7; and

FIG. 9 i1s an enlarged view of a part of the filter

device shown in FIG. 8.

Best Mode for Carrying Out the Invention

A filter device according to a first embodiment of

the present invention will now be described with
reference to FIGS. 1 to 4.

FIG. 1 shows an outline of a contaminated fluid
recovery apparatus. The contaminated fluid recovery
apparatus 1s used to remove foreign matter from a
coolant used in a machine tool 1, such as a machining

center, thereby making the coolant reusable. The

contaminated coolant discharged from the machine tool 1

is an example of the contaminated fluid D. Mixed in
the contaminated fluid D are chips of an aluminum

alloy, chips of a ferrous metal and the like, fine

particles of a nonmetal such as carbon, etc., which are

produced by cutting or the like.

The contaminated fluid D is fed from the machine
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25particles of a nonmetal such as carbon, etc., which are produced by
cutting or the like. The contaminated fluid | is fed from the machine 7 tool
1 to a filter device 10 through a discharge passage 2. The contaminated
fluid D is decontaminated by the filter device 10. A cleand fluid C that is
decontaminated by the filter device 10 is fed again to 5the machine tool 1
through a supply passage 4 after being pumped Up by a pump 3. The
following is a detailed description of the filter device 10. As shown. in
FIGS. 1 anq[h the fl|?l’9 V|ced10 |nclud?8 af ter tank 11, g\/hmh

10con?a|ns econ amina ed d fitiid D4 clean anl?\ig afilt gr% i%,ea

scraperconyeyor. 14efe. The cleanntankd24s farmed adjagentdgdhginated
filter tank 11. The filter drum 13 is located inside the filter tank 11. The

contaminated flaidtB is féefiorm thé dischargesksRassage @ inta:thetfiltes
tank 11. A scooping section 15 that extends diagonally upward is formed

at ar &P POATBHGE tRE fifter (RAR ﬁlAtr%f%lﬁ%V%Q%élc@mh%mﬁ 98 thqein to
has %meota as, itg drive sourceds provided atthe top of the scooping, ¢ .

section 1
belng pumped up by a pump 3.

The following 1s a detailed description of the
filter device 10. As shown in FIGS. 1 and 2, the
filter device 10 includes a filter tank 11, which
contains the contaminated fluid D, a clean tank 12, a
filter drum 13, a scraper conveyor 14, etc. The clean
tank 12 i1s formed adjacent to the filter tank 11. The
filter drum 13 is located inside the filter tank 11.
The contaminated fluid D is fed from the discharge
passage 2 into the filter tank 11. A scooping section
15 that extends diagonally upward is formed at an end
portion of the filter tank 11. A rotary drive
mechanism 16 that has a motor as its drive source is
provided at the top of the scooping section 15.

The scraper conveyor 14 is located ranging from a
bottom portion 1lla of the filter tank 11 to the
scooping section 15. The scraper conveyor 14 includes
chains 23 and a plurality of scrapers 24. The scrapers
24 are attached to the chains 23. The chains 23
endlessly travel between an upper sprocket 21 and a
lower sprocket 22. The chains 23 are moved in the

direction indicated by arrow A in FIG. 1 by the rotary
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20The scraper conveyor 14 is located ranging from a bottom portion lla of
the filter tank 11 to the scooping section 15. The scraper conveyor 14
includes chains 23 and a plurality of scrapers 24. The scrapers 24 are
attached to the chains 23. The chains 23 25endlessly travel between an
upper sprocket 21 and a lower sprocket 22. The chains 23 are moved in
the direction indicated by arrow A in FIG. £ by the rotary drive mechanism
16. The chains 23 are guided in movement in the direction of arrow A by

guide members 25 (shown.in FIG, 2), which are lgcated on the bottom
porti?)iﬁ ha‘or the i é of %elfl ter tgn %f@fh%%o%p?r%%@éfr]edgr aﬁééd

at predetersinediintervals in theJongitudiral diregtion, of the,chains 23:As ¢
typically shown in FIG. 2, chips K settle on the bottom portion ha of the
filter #ank($1.0Wre ¢hip§ KG alohg with skidge mmdlthe dike darercartied bot tom

10out into an exit section 26 through the scooping section 15 by the

scrap&rs 2L he it¥ectibh 2648 foited Bitsitelth filte? Bahk 11 The
exit section 26 is sityated in aposition higher than aﬁ%léi%%gg%% Qotibs

filter tank 11. The chips K, sludge, etc., havingreac he exit section

26, drop fronsthe exit sectionaéytowand adecevery boX&T. of The chains
scraper conveyor 14 includes a lower portion (outward portion) 14a and
an upper pdriiort (iaward partiohy14b 1Thé Tower portion bga 6f hettle on

Sdﬂ%%% bottom portion 1la of the filter tank 11. The
chips K, along with sludge and the like, are carried
out into an exit section 26 through the scooping
section 15 by the scrapers 24. The exit section 26 is
located outside the filter tank 11. The exit section
26 1s situated in a position higher than a fluid
surface Q of the filter tank 11. The chips K, sludge,
etc., having reached the exit section 26, drop from the
exlit section 26 toward a recovery box 27.

The scraper conveyor 14 includes a lower portion
(outward portion) l4a and an upper portion (inward
portion) 14b. The lower portion l4a of the scraper
conveyor 14 moves along the bottom portion 1lla of the
filter tank 11 toward the exit section 26. The upper
portion 14b of the scraper conveyor 14 moves from the
exit section 26 toward a starting end l4c of the lower
portion 1l4a, that is, toward a lower sprocket 22, via a
region over the lower portion 1l4a.

The filter drum 13 is arranged horizontally

between the lower portion l4a and the upper portion 14b
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20conveyor 14 moves along the bottom portion 11a of the filter tank 11
toward the exit section 26. The upper portion 14b of the scraper conveyor
14 moves from the exit section 26 toward a starting end 14c of the lower
portion 14a, that is, toward a lower sprocket 22, via a region over the
lower portion 14a The filter drum 13 is arranged horizontally between
the lower portion 14a and the upper portio?l 14b B of the scraper
conveyor 14. As shown in FIG. 2, the filter tank 11 is formed having

opening in_positions that individually face the osite e f the
filter dru%?{%& T %aéf%gn fank 12 ngm%hica%tess g\%l %%nllﬁteqﬁ(%%l%f the™©

filter glrumel3 thseugh theiepenings:30.nEhusy the-¢gleaned; HuidC that is
introduced into the interior 31 of the filter drum 13 flows into the clean tank
12 thireggh tencperings 304THe filterldrimi®a3 & providediwith a filtemds of
10element 41, short cylindrical end membpers 43, sprockets 44 on the end
members %é?lett%.rTﬁg lﬁﬁ?er@léme 414 fottedBy roting S PBISUS Fate S

40, whieh, willbe described later, intq g cykinder. The end members43.are; .
fixed individually to the opposite end portions of 15the filter element 41 by
meang ohfixigg cémponentss42 {shownliadrled 2§, lsuch a3 sdrews.iEhe

filter tank 11 is provided with bearings 45. The filter drum 13 is supported

for rotaticry aHotRd the Forizoftal B%iS 3¢ By béarifys 45 THe énfre drum 13
gﬁﬂg@tfk{%cf@f the flter drum 2012 1s Imppersed in,ine gontamingted luid D. 5o

The filter drum 13 is provided with a filter
element 41, short cylindrical end members 43, sprockets
44 on the end members 43, etc. The filter element 41
is formed by rolling a porous plate 40, which will be
described later, into a cylinder. The end members 43
are fixed individually to the opposite end portions of
the filter element 41 by means of fixing components 42
(shown in FIG. 2), such as screws. The filter tank 11
is provided with bearings 45. The filter drum 13 1is
supported for rotation around the horizontal axis X by
bearings 45. The entire periphery of the filter drum
13 is immersed in the contaminated fluid D. Thus, the
filter drum 13 rotates in the contaminated fluid D.

The chains 23 of the scraper conveyor 14 engage
the respective upper parts of the sprockets 44. When
the scraper conveyor 14 moves in the direction of arrow
A in FIG. 1, therefore, the filter drum 13 rotates in
the direction indicated by arrow B. The rotary drive

mechanism 16 for moving the scraper conveyor 14 serves



filter drum 13 rotates in the contaminated fluid D. The chains 23 of the
scraper conveyor 14 engage the respective upper parts of the sprockets
44. When the scraper conveyor 14 moves in the direction of arrow 25 A in
FIG. 1, therefore, the filter dram 13 rotates in the direction indi 5ed by
arrow B. The rotary drive mechanism 16 for moving the scraper conveyor
14 serves 10 also as a drive mechanism 49 for rotating the filter drum 13.
As shown in PIG. 3, the porous plate 40 that functions as the filter element
41 has a large number , of circulation holes 50 that are formed at ,
pred%?esrr%in%sd Bitc rels\.filtﬁ‘(e)zucg Tthesd cfl(ragulg%n ﬁ%Fe%%W%eﬁh&iv%h%?r
circular, girculation holes of any other shapes than a circular shape may
be adopted instead. As shown in FIG. 4, an inlet port 50a opens in one
surface (outes peripheral suiface. 403) dfitle poraussplatead(:thédisthat
situated on the outer peripheral side when the porous plate 40 is rolled

into & CYIiHde?“&n ButlEtFort 506 Dpefd fifietothér Sdface (rfeye number
peripheral surface 408) of heRoreys plate 49 thatds sjtugted.on the inner

peripheral side. In FIG. 4, arrows G indicate a direction in which the
contaminated fuidflowssthreirg=h the girculationmheles 58. -1 rdn PaGross
section of the porous plate 40 in its thickness direction, as shown in FIG.

4, th&epefingividittofeachcittudatiby Hole 50 i minifiuns at theliafet holes
port S%a and ig reases foward the outlet port 50h. Thus, the cross section

of the Girdliatio Rofe SOIE Tapered So thatthe Opehing \idih Ncreases
from the inletport, 30a towardzthe gytietport 50h.A smallest opening 8L+ 504

having the smallest inside diameter dl is formed at the inlet port 50a.
largespepening 52 having the targesttinside eliameter 62 isformedat4lie) of
outlet Rort 50b. The circulation holes 50, each having this cross-sectional
shapel€ar BE 6riméd By o BdingAmetal pldte Ifderrit of fife porbES

plate 40) fy.ctehing from one side, An example of etching s Rhotg-e{ching ; .. .
based on the use of a photo-resist coatﬁlg and an acideliqwd. AR

example pf thesthickness of thejparoys plate 49 is P<kdsmpy, Thednsidge »

diameter (pore diameter) of the 10smallest opening 51 is greater than the

thickmesstefce (inner peripheral surface 40b) of the porous
plate 40 that i1s situated on the inner peripheral side.
In FIG. 4, arrows G indicate a direction in which the
contaminated fluid flows through the circulation holes
50.

In a cross section of the porous plate 40 in its
thickness direction, as shown in FIG. 4, the opening
width of each circulation hole 50 is minimum at the
inlet port 50a and increases toward the outlet port
50b. Thus, the cross section of the circulation hole
50 1s tapered so that the opening width increases from
the inlet port 50a toward the outlet port 50b. A

smallest opening 51 having the smallest inside diameter

dl is formed at the inlet port 50a. A largest opening
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the porous plate 40 and ranges from g50.2 to 0.25 21111-(, for example.
However, some other plate thicknesses and pore diameters than the
aforesaid ones may be adopted depending on the filtering accuracy, flow
rate, and 15other conditions. As shown in FIG. 1, a scraper blade 60 is
located .adjacent to the outer peripheral surface of the filter drum 13. A
distal end 61 of the scraper blade 60 is in‘cbntact with or in close vicinity

to the outer 20peripheral surface of the filter drum 13. The distal end EA of

the s Ea er blade 6% extends in the direction of the axis X (horizontal
direcgonaﬁf%fV theFilter ardri 13°°°  THe Girtufatioh fofes st of-theparBigs 2t

plate40.aes formed by, eiching. Therefore; a very thin,mefal plate yith o, -y,
high hardness may be used as a material of the porous plate 40. An
exaniple imetat plate isra staisless-steed speng material thatehashardaess,
about twice that of a conventional stainless steel plate. The filter element

41, WHicH Rformed BYSFoRing tHe pBroligaigte 4linffa eYndet rRaS gfeat t e

stiﬁng d spiecit%thinn s. Therefore, the distal end 61 of the scraper |, ,
blade é% i§ oté sucscjé%ﬁb?grtg%e?&%asﬁ%#éven%vnheenxi?rgg?Ln%S?r%ogPChl ng 1S

contaat with-thedilter glement4 1o in ether yweds, the thicknessof the -
porous plate 40 can further be made less than that of a conventional
10filtepelehrentahat is foratedofla guiching metal. Since the plate
thickness can be reduced, the diameter of the circulation holes 30 can

further be Mate 888 than that &f Conventiéna Thes ‘s that i fiteringtate 40

accuracycaisbeincreaged considerably . The following is .degeription of ¢ 1o

the operation of the filter device 10 constructed in this manner. The

contaminated fluidiediseharged fronytheamaching doolthis fed intatkes of

filter tank 11 through the discharge passage 2. The contaminated fluid C

fed the porous plate 40 and ranges from ¢ 0.2 to 0.25 mm,
for example. However, some other plate thicknesses and
pore diameters than the aforesaid ones may be adopted
depending on the filtering accuracy, flow rate, and
other conditions.

As shown in FIG. 1, a scraper blade 60 is located
~adjacent to the outer peripheral surface of the filter
drum 13. A distal end 61 of the scraper blade 60 is in
contact with or in close vicinity to the outer
peripheral surface of the filter drum 13. The distal
end 61 of the scraper blade 60 extends in the direction
of the axis X (horizontal direction) of the filter drum
13.

The circulation holes 50 of the porous plate 40
are formed by etching. Therefore, a very thin metal

plate with high hardness may be used as a material of

the porous plate 40. An example metal plate is a
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20into the filter tank 11 passes through the circulation holes 50 of the

porous plate 40 at a relatively low speed, starting from the outer peripheral

side of the filter drum 13, and flows into the interior 31 of the filter drum

13. As this is done, chips and the like 25adhere to regions near the inlet

ports 50a of the circulation holes 50. Fine particles and the like in the
contaminated fluid O also stay near the infet ports 13 50a by, for example,
adhering to the chips. Thus, the cleaned fluid C flows slowly into the

interigr 31 qf the filst%r drfm 13. The cleaned fIEidt%ggcgntaminaﬁ%e%%i]r%bOut

 filter Beffum 13 flows from theinterior 31 of the filter drur 3 G

tank <2 theougiuthe openings-3Q nkhe-cleaned fiuid C.that is-guided nfoc |
the clean tank 12 is pumped up by the pump 3 and fed again to the

machine tbol T throegletiensupply passage 4.<10Asthedilteydmam 18ng the
rotates, the chips K adhering to the outer peripheral surface of the filter

drunP 23 ArE sBreped otf by the digtaf 8hd 83 F thé' &craPEr Biade 6ot Thgs s

scraped;off,chips. K drap onto.the bogtom pertion lia,of theyfilter tank 11. o7 ¢
The 15 chips K and the like deposited on the bottom portion 11a of the

filtertamrk 1t ase serapedout taward the exi seetign26 by the saepermation

conveyor 14. in the present embodiment, the circulation holes
even when it comes into contact with the filter element
41. In other words, the thickness of the porous plate
40 can further be made less than that of a conventional
filter element that is formed of a punching metal.
Since the plate thickness can be reduced, the diameter
of the circulation holes 50 can further be made less
than that of conventional ones, so that the filtering
accuracy can be increased considerably.

The following is a description of the operation of
the filter device 10 constructed in this manner.

The contaminated fluid D discharged from the
machine tool 1 is fed into the filter tank 11 through
the discharge passage 2. The contaminated fluid D fed
into the filter tank 11 passes through the circulation
holes 50 of the porous plate 40 at a relatively low
speed, starting from the outer peripheral side of the
filter drum 13, and flows into the interior 31 of the
filter drum 13. As this is done, chips and the like
adhere to regions near the inlet ports 50a of the

ci

s

culation holes 50. Fine particles and the like in

the contaminated fluid D also stay near the inlet ports
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50 are formed by etching. Besides, the smallest 20opening 51 is formed in
each inlet port 50a, and the opening width increases from the smallest
opening 51 toward the outlet port 50b to form a tapered shape. The
opening width is maximum at the outlet port 50b. Thus, the circulation
holes 50 shown in FIG. 4 are 25not subject to any "burrs" that the
conventional punching-metal filter element Suffers. The inner surface of
each circulation hole 50 is smooth without 14 suffering any irregularities

such shear n%arks. Furtheiréit haaﬁ tapered shaﬁ)ﬂe suc}tlithat its %:-ads

from heainkfé/’porf%an%{oa & outlet pe‘ﬁ QTFISS, 8¢ ipspga’nno g the

sticked insthe-parous plate #0, 59 that Slogging, does pet readily-ogcurs; of
Even if chips and the like adhere to the outer peripheral surface 40a of the

porot$ plate 40emorenver lthese chips and The like cannot easily stick in
the porous plate 40. As the filter drum 13 rotates in the contaminated

10fluid 9, thé Chips 61 ARE fiké ddhErifig &7 (e PotBus plte 40Vmbve T1lter
togetherithdhe oUIRL neflpetal sufacs of e flteY JRm S B AR o drum

contaminated fluid D. As the filter drum 13 rotates, the contaminated flui

D thatyelatively flowscarennd the filterdrumr3: $bcames diecontaet with . The

the chips and the like. While
cleaned fluid C that is guided into the clean tank 12
is pumped up by the pump 3 and fed égain to the machine
tool 1 through the supply passage 4.

As the filter drum 13 rotates, the chips K
adhering to the outer peripheral surface of the filter
drum 13 are scraped off by the distal end 61 of the
scraper blade 60. The scraped-off chips K drop onto
the bottom portion 1lla of the filter tank 11. The
chips K and the like deposited on the bottom portion
lla of the filter tank 11 are scraped out toward the
exit section 26 by the scraper conveyor 14.

In the present embodiment, the circulation holes
50 are formed by etching. Besides, the smallest
opening 51 is formed in each inlet port 50a, and the
opening width increases from the smallest opening 51
toward the outlet port 50b to form a tapered shape.

The opening width is maximum at the outlet port 50b.

Thus, the circulation holes 50 shown in FIG. 4 are
not subject to any “burrs” that the conventional

punching-metal filter element suffers. The inner

surface of each circulation hole 50 is smooth without
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the filter drum 13 is rotating, moreover, the chips are urged to separate
from the lower surface of the filter drum, 13 by their own weight. Further,
the chips and the like are subected to a centrifugal force or the 20like that
is caused by the rotation of the filter drum 12 -,. For these reasons, the
chips and the like adhering to the filter drum 13 settle down toward. the
bottom portion lle of the filter tank 11. As thte scrapers 24 move near the
filter drum 13 in 25 the contaminated fluid D, furthermore, a flow of the

contamltnglted fluid D is enerated This flow of the contaminated fluid D
promiotes the ¢hip§ a %ﬁer ik 5™ 15 ‘separatd o the filfst drin s -

Thusythe ghips and thsélkg a{%gg%%d easibyztoseparatg from thefilter, o
drum 13. If the distal end 61 of the scraper blade 60 is kept apart from the

filter 5drum W3 theréfore pthe Tthipgssadheringestodhe datergperiphé@b. Thus,
surface of the filter drum 13 exfoliate from the filter drum 13 the moment

the chips cOMe mt6ToRtict Withhe aistsl et 61 6f trersirdper bade 66.
Depending an the condition tR%@“'Pé and;the like can 10be separate %lps

from the filter drum 13 wit out using the u
and the like adhere to the outer peripheral surface 40a
of the porous plate 40, moreover, these chips and the
like cannot easily stick in the porous plate 40.

As the filter drum 13 rotates in the contaminated
fluid D, the chips or the like adhering to the porous
plate 40 move together with the outer peripheral
surface of the filter drum 13 in the contaminated fluid
D. As the filter drum 13 rotates, the contaminated
fluid D that relatively flows around the filter drum 13
comes into contact with the chips and the like. While
the filter drum 13 is rotating, moreover, the chips are
urged to separate from the lower surface of the filter
drum 13 by their own weight. Further, the chips and
the like are subjected to a centrifugal force or the
like that is caused by the rotation of the filter drum
13. For these reasons, the chips and the like adhering
to the filter drum 13 settle down toward the bottom
portion 1lla of the filter tank 11.

As the scrapers 24 move near the filter drum 13 in
the contaminated fluid D, furthermore, a flow of the
contaminated fluid D is generated. This flow of the

contaminated fluid D promotes the chips and the like to
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scraper blade 60. The chips K that are separated from the filter drum. 13
and settled on the bottom portion ha of the filter tank 11 can be conveyed
toward the exit section 26 by the scraper conveyor 14. 15FIG. 5 shows a
cross section of a porous plate 40 according to a second embodiment of
the present invention in its thickness direction. In this embodiment,
circulation holes 50 are formed by simultalr%ously etching a metal plate for
use as the 20material of the porous platefrom both surfaces thereof. A

smalgeesgg gpggg%ngfgolrgf %%%h (EiriclL%ation dhoul?n ?ﬁﬁs formed in a central part

with respect to the plate thickness direction. The opening width of the

circulation hole SO incseasesdrom the smallestiopening 2550-tomard a9 1y to
outlet port SOO, and the opening width is maximum at the outlet port 50b.
Thuss ap e presentembbdintent tisoth&ides dfthe froht ahe relrygarts eind 61

16 the_smallest openin are tapered. According to the circulation holes
50 of t%etpr%sgﬁf%’r%% di?%]e%?eeco%pdrﬁd Lt thd8E bf the"cBhveRfiorial! =¥

punchingsmesal filieg element, chips apd the like,can be separated Smore -

easily from the porous plate 40, so that clogging does not readily occur.

FIG. Beshiowis axcross:settion of & poreus plate 40dacecording éxddhitdte from

embodiment of the present
the filter drum 13 the moment the chips come into
contact with the distal end 61 of the scraper blade 60.
Depending on the conditions, the chips and the like can
be separated from the filter drum 13 without using the
scraper blade 60. The chips K that are separated from
the filter drum 13 and settled on the bottom portion
1la of the filter tank 11 can be conveyed toward the
exit section 26 by the scraper conveyor 14,

FIG. 5 shows a cross section of a porous plate 40
according to a second embodiment of the present
invention in its thickness direction. In this
embodiment, circulation holes 50 are formed by
simultaneously etching a metal plate for use as the
material of the porous plate 40 from both surfaces
therecf. A smallest opening 51 of each circulation
hole 50 1s formed in a central part with respect to the
plate thickness direction. The opening width of the
circulation hole 50 increases from the smallest opening
51 toward an outlet port 50b, and the opening width is

maximum at the outlet port 50b. Thus, in the present

embodiment, both sides of the front and rear parts of
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invention in its thickness direction. A smallest 10opening 51 of each
circ.ration hole 50 of this embodiment is formed in an intermediate part
near an inlet port 50a with respect to the plate thickness direction. The
opening widftr increases from near the inlet port 50a toward an outlet port
50b to form a 15tapered shape, and the opening width is maximum at the
outlet port 50b. The porous plate 40 having’these circulation holes 50 can
also produce the same effect as the porous plate 40 of the first

embogiment, FiG .7 to,6.show adifer device 108 agcording o 20a foury ..

embodiment of the present inv ntion. Since fhe basic con iguratio

function-ef thedfilies devicesl0fvaressimilar torthass ef thefiter deviee 10

of the first embodiment, common numerals are used to designate portions
comARniethd twe devicessanda 25tescriptioa ot ilvoselpartions isng-metal

omitted, The following is a description of different portions ter tark 11 of
tis fil GE0icE TOR 17 indlides atiter (ak bty J0CRAIGHE o=PaEaced

accomypgdates a scrapepconveygrl4, and.a filter accommodalion 1 5gqing
chamber 71 formed on the flank of the filter tank body 70. The filter

accaofwmedatian chambér/7awhich constitutes a part of the filter tank 11,

is formed side by side with the filter tank body 70. As shown in FIG. 8, a
partition plafé 72 i€ provited Betfeef the fikéritank Bbdy 70 thelilere 40
accon%rggg%ti%ngcq%mlger 71 A.com unicatiog hgjge Z% is formed ucnder

theﬁ%nmon tHird empbodifmen € presen
invention in its thickness direction. A smallest
opening 51 of each circulation hole 50 of this
embodiment 1s formed in an intermediate part near an
inlet port 50a with respect to the plate thickness
direction. The opening width increases from near the
inlet port 50a toward an outlet port 50b to form a
tapered shape, and the opening width is maximum at the
outlet port 50b. The porous plate 40 having these
circulation holes 50 can also produce the same effect
as the porous plate 40 of the first embodiment.

FIGS. 7 to 9 show a filter device 10A according to

a fourth embodiment of the present invention. Since
the basic configuration and function of the filter
device 10A are similar to those of the filter device 10
of the first embodiment, common numerals are used to
designate portions common to the two devices, and a
description of those portions is omitted. The

following 1s a description of different portions.

A flilter tank 11 of this filter device 10A
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10plate 72. The filter tank body 70 and the filter accommodation chamber
71 communicate with each other through the communication hole 73.
Thus, a contaminated fluid D in the filter tank body 70 can flow into the
filter accommodation chamber 71. A filter drum 13 is located in the
filter accommodation chamber 71. Since the configuration and function of
the filter drum 13 are similar to those of the/filter drum 13 of the first
embodiment, a description thereof is omitted. The filter drum 13 20shown

in FIG. 7.is arran e%h izontally in the filter accommodation chamhber 71
o) th%lrtlﬁ}leuz%ag (s Jc“)v?v%%ﬁ Iﬁé%!?) E@)?téﬁdg gronﬁrﬁﬁg%ngvﬁ;ﬁé) Girsction"A @

of the scraper coBweMOFdA. 14, andAs ShOWAR FIG-8r @ B01er 53 iSchambe r
located over the 25filter accommodation chamber 71. The motor 75

causés afdriviegisprockee76 tarotatelin the difectionrindicateddnydarr@ .  The
E. The filter drum 13 is provided 18 with a driven sprocket (not shown). A

power trarismiSSIGATHGBE! 78, SIRATHE chdin, EpHsled ArSindar¢s @
between the, driving spracket 76 gnd the driven sprogket. When the motor ¢,

75 rotates, therefore, the filter drum 13 rotates in the direction indicated by
arrow e ardundetheaxiscZo dhe miator 73,sdrissinrgesprocketiss, angd power
transmission member 78 constitute the drive mechanism 49 for rotating

the fifteF fim 23. POTRE ilter dranPIP 151 éPMed Hitoersylindfcdlishaps. tank

e e 0 s e e e S e
scrapenlade mechanisAL8Q includes & firstseraperbladel. @artition
plate 72. The filter tank body 70 and the filter
accommodation chamber 71 communicate with each other
through the communication hole 73. Thus, a
contaminated fluid D in the filter tank body 70 can
flow into the filter accommodation chamber 71.
A filter drum 13 1is located in the filter
accommodation chamber 71. Since the configuration and
function of the filter drum 13 are similar to those of
the filter drum 13 of the first embodiment, a
description thereof is omitted. The filter drum 13
shown in FIG. 7 1s arranged horizontally in the filter
accommodation chamber 71 so that the axis X (shown in
FIG. 7) extends along the moving direction A of the
scraper conveyor 14.
As shown in FIG; 8, a motor 75 is located over the
filter accommodation chamber 71. The motor 75 causes a

driving sprocket 76 to rotate in the direction

indicated by arrow E. The filter drum 13 is provided



15second scraper blade 82, a backup plate 83, etc. The distal end of the
first scraper blade 81 extends in the direction or the axis X of the filter
drum 13 in a manner such that it is in contact with or in close vicinity to the
outer peripheral surface of the filter 20drum 13. The second scraper
blade 82 is formed of a pl. ate-shaped material with rubber-like elasticity.
The distal end of the second scraper blade®82 extends in the direction of
the axis X of the filter drum 13 in a 25manner such that it is in contact with

the inneﬁrkpegip(gleral surface o(f: }{r;eecfiltfr{f%ru 13. A; t?ott%m surface 71a of

the filter acCommodation chamber 7 daclines’toward & hottom portion

lle se that icansguide cbipsssepasated from the filterdium 13 toward they
scraper conveyor 14, The backup plate 83 is located inside the filter

drun®1®and inaddsitiorecorrespondingtotbe distal@netofthe first the
scraper blade 81. The backup Elate 83 extends in the direction of the axis

X of tHe filfer dtEm T3 Ghd suPp&its tHeille? Wrdm 13 fréthanside. BSRrefore,
ends.efthe backyp plaie 83 -are fixed 1q the, 1Qfjlier aecammodation 4 cateq

chamber 71 by a frame member (not shown). The backup plate 83
preventsdhe filtte Rdruna k3 framebeing detormed whemnsthefiltes drum 1318 g
pushed by the first scraper blade 81.
sprocket 76, and power transmission member 78
constitute the drive mechanism 49 for rotating the
filter drum 13.

The filter drum 13 is formed into a cylindrical
shape. A scraper blade mechanism 80 is provided near
the outer peripheral surface of the filter drum 13.
FIG. 9 enlargedly shows a part of FIG. 8. The scraper
blade mechanism 80 includes a first scraper blade 81, a
second scraper blade 82, a backup plate 83, etc. The
distal end of the first scraper blade 81 extends in the
direction of the axis X of the filter drum 13 in a
manner such that it i1s in contact with or in close
vicinity to the outer peripheral surface of the filter
drum 13.

The second scraper blade 82 is formed of a plate-
shaped material with rubber-like elasticity. The
distal end of the second scraper blade 82 extends in
the direction of the axis X of the filter drum 13 in a
manner such that it 1s in contact with the inner

peripheral surface of the filter drum 13. A bottom

surface 71la of the filter accommodation chamber 71
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A fluid jet mechanism 90 is provided in the filter 15accommodation
chamber 71. The fluid jet mechanism 90 includes a nozzle 91 and a fluid
source 92. The nozzle 91 ejects a cleaned fluid C' toward a fluid surface
Q above the scraper blade mechanism 80. The fluid source 92 supplies
the cleaned fluid C' to the nozzle 91. The 20fluid C' is purer thane
contaminated fluid D and is preferably deééntaminated to the same
degree as the cleaned fluid C. In the case of another embodiment without

the scraper blade mechanism 80, the fluid jet mechanism 90 elects the
(:Ieartl%\ee(lé?*m‘i{ﬂe(,s t6 %Wr‘éﬁlonazrg)n%%? e HaiE stirface Tlin‘the Hidr += ©an

accopmedation; 'EQ@%%%Q&@f?@@ﬂmgﬂéaf¥¥@g9ﬂ@}ghﬂ@3 toward

operation of 20 the filter device 10A.  The contaminated fluid D to be
filteredhis feduntocthe dittertaydkbady .70. Large chips contained in the

contaminated fluid D settle in the filter tank body 570 and are scraped out
towamiane&ﬁ%e@ﬁﬁ%?@b@%ﬁ@e 83 is located inside the filter

drum 13 and in a position corresponding to the distal
end of the first scraper blade 81. The backup plate 83
extends in the direction of the axis X of the filter
drum 13 and supports the filter drum 13 from inside.
Both ends of the backup plate 83 are fixed to the
filter accommodation chamber 71 by a frame member (not
shown). The backup plate 83 prevents the filter drum
13 from being deformed when the filter drum 13 is
pushed by the first scraper blade 81.

A fluid jet mechanism 90 is provided in the filter
accommodation chamber 71. The fluid jet mechanism 90
includes a nozzle 91 and a fluid source 92. The nozzle
91 ejects a cleaned fluid C’ toward a fluid surface Q
above the scraper blade mechanism 80. The fluid source
92 supplies the cleaned fluid C’ to the nozzle 91. The
fluid C’ is purer than the contaminated fluid D and is
preferably decontaminated to the same degree as the |
cleaned fluid C. In the case of another embodiment
without the scraper blade mechanism 80, the fluid jet‘
mechanism 90 ejects the cleaned fluid C’ to a region
near the fluid surface Q in the filter accommodation

chamber 71.

The following is a description of the operation of
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scraper conveyor 14. The contaminated fluid D in the filter tank body 70
flows into the filter accommodation chamber 71 through the
communication hole 73. The contaminated fluid D flows into an interior 31
of the 10filter drum 13 from the outer peripheral side of the filter drum 13.
The cleaned fluid C that is decontaminated by the filter drum. 13 flows into
a clean tank 12 through an opening at an€hd portion of the filter drum 13.
15Small chips that adhere to the outer peripheral surface of the filter drum
13 ar scr%_[?)_ﬁ% og ba/ the scraper .blade mechanism 80 as the filter drum

13 rotiat%s e %crapee\é}&?chlps move along the bottom surface 71a of

the filter accamamedation,¢hamber #4 20toward the,botigm.portion ha of 4
the filter tank 11. These chips, along with relatively large chips K

depositeéd onithe bottoarpartion Madare/discharged by the serapentained in
conveﬁor 14. The filter drum 13 of the present embodiment is 25

contdin&d fiPthefiite? Ac@bmhotidtioR chahibk? 7iNTRE filtdr Lter tank body
accommagation, chamber 21,is formed on %@e lank of theilter tank body -y,
he filter drum 13 is Y

70 with the partition plate 72 21 between them. m

contained prfiteracconyrodation chagnbeslathatissilwated offithe in the
scraper conveyor 14. Since most of chips contained in the contaminated :
fluid 8seftRerin®he filtePeink Bbobly 70S the amotheofichipscomaipedrindat ion

h
the chamber 71 through the communication hole 73. The

contaminated fluid D flows into an interior 31 of the
filter drum 13 from the outer peripheral side of the
filter drum 13. The cleaned fluid C that is
decontaminated by the filter drum 13 flows into a clean
tank 12 through an opening at an end portion of the
filter drum 13.

Small chips that adhere to the outer peripheral
surface of the filter drum 13 are scraped off by the
scraper blade mechanism 80 as the filter drum 13
rotates. The scraped-off chips move along the bottom
surface 7la of the filter accommodation chamber 71
toward the bottom portion 1la of the filter tank 11.
These chips, along with relatively large chips K
deposited on the bottom portion 1la, are discharged by
the scraper conveyor 14.

The filter drum 13 of the present embodiment is
contained in the filter accommodation chamber 71. The
filter accommodation chamber 71 is formed on thevflank

of the filter tank body 70 with the partition plate 72
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contaminated fluid D in the filter accommodation chamber 71 is relatively
small. Therefore, the filter drum 13 can avoid being exposed to a large
guantity of chips. Further, the filter drum 13 can also avoid 10contacting

with large chips. Thus, the filter drum 13 can maintain satisfactory filtering
performance. According to the present embodiment, moreover, the
cleaned fluid C' can be ejected to the regi®h near the fluid surface Q in the
filter accommodation chamber 71 15by the fluid jet mechanism 90.

Accar Iu S of slu revented from bein ormed ear

the fUI sur aceng% SO tha tﬁe ggaf{commod Etl%n c‘cha ah bé' the

kept decentaminaledthus, the filterdym. 1ﬁcme'nt@n£w&feﬂted of f
satisfactory 20filtering performance. Industrial Applicability In carrying

out thisénverntiopsit istobe understood thatthe comyponehtssofithis contained
invention, including the specific shapes of the filter drum and 25circulation

holes Bs Wil & theler i maybeleMbdaiet if vafotsly niobifietr  tank
forme wiipoybdearting fom heswit afdlie fygplan Jarer.q lurality

contaminated fluid D in the filter accommodation
chamber 71 is relatively small. Therefore, the filter
drum 13 can avoid being exposed to a large quantity of
chips. Further, the filter drum 13 can also avoid
contacting with large chips. Thus, the filter drum 13
can maintain satisfactory filtering performance.

According to the present embodiment, moreover, the
cleaned fluid C’ can be ejected to the region near the
fluid surface Q in the filter accommodation chamber 71
by the fluid jet mechanism 90. Accordingly, lumps of
sludge can be prevented from being formed near the
fluid surface Q, so that the filter accommodation
chamber 71 can be kept decontaminated. Thus, the
filter drum 13 can maintain further satisfactory
filtering performance.

Industrial Applicability

In carrying out this invention, it is to be
understood that the components of this invention,
including the specific shapes of the filter drum and
circulation holes as well as the filter tank, may be
embodied in variously modified forms without departing

from the spirit of the invention. Further, a plurality



of filter drums may be arranged in parallel with one another in the filter
tank. MCSLLP 23 CLAIMS 1. Afilter device characterized by
comprising: a filter tank (11) stored with a contaminated fluid which
contains chips; a filter drum (13) rotatably disposed in the filter tank
(11) and immersed in the contaminated fluid; a drive mechanism (49)
which rotates the filter drum (13) around &r axis (X) of the filter drum (13);
10the filter drum (13) including a filter element (41) which is produced by
formlnf a porous plate (40) having a large number of circulation holes (50)

theréif into a &yiindAtAI SHAPE, @ﬁcf?%‘?ﬁﬂ%ﬂetﬁbr?(@@%}%?éa&’HEQldone
circulation hale (3O} Qpenrs in-an outer,15peripheral surface (40a) of the
porous plate (40) and that an outlet port (50b) opens in an inner peripheral
surface (40b) of the porous plate (40); the circulation holes (50) of
the porous plate (40) being formed by etching and having a shape 20such
that a smallest opening (51) is formed in an
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intermediate part with respect to the thickness direction of the porous

plate (40); wherein a diameter of the smallest opening (51) is greater

than the thickness of the porous plate (40); 25an opening width of each pCSLLP
circulation hole (50) gradually decreases from the inlet port (50a) toward

the smallest opening (51); and the opening width of each circulation

hoie (50) gradually increases from the smallest opening (51) 30toward the

outlet port (50b) and is maximum at he outlet port (50b). 2. A filter

device according to claim 1, charactérizedin'thiat the filter drum. (13) is

formed MCSLLP 24 jnte a.cylindricalshape, 3 scrapes blade (B0)is, v sing:

located adjacent to an outer pertlf)heral surface of the filter drum (13), and
a distal end @15 bf fiielscrapér blade (66 &aeEnds inthe direelieh ofthe=d
axis (X) of sthefiter dasn 23hs0 as 1@ be in contact with or in close

vicinity to theaOL%t?Elegp%errgrlnsu(r{%(‘)e %fot@gggfgﬁgru& g@@éed in the
filter tank (11) and immersed in the contaminated
fluid;
a drive mechanism (49) which rotates the filter
drum (13) around an axis (X) of the filter drum (13);
the filter drum (13) including a filter element
(41) which is produced by forming a porous plate (40)
having a large number of circulation holes (50) therein
into a cylindrical shape, such that an inlet port (50a)
of each said circulation hole (50) opens in an outer
peripheral surface (40a) of the porous plate (40) and
that an outlet port (50b) opens in an inner peripheral
surface (40b) of the porous plate (40);
the circulation holes (50) of the porous
plate (40) being formed by etching and having a shape
such that a smallest opening (51) is formed in an
intermediate part with respect to the thickness
direction of the porous plate (40);
wherein a diameter of the smallest opening (bl) is
greater than the thickness of the porous plate (40);
an opening width of each circulation hole (50)
gradually decreases from the inlet port (50a) toward
the smallest opening (51); and
the opening width of each circulation hole (50)
gradually increases from the smallest opening (51)
toward the outlet port (50b) and is maximum at the

outlet port (50b).

2. A filter device according to claim 1,

characterized in that the filter drum (13) i1s formed



3. Afilter device according to claim 1, characterized by further comprising

an exit section 10(26) situated in a position higher than a fluid surface (Q)

of the contaminated fluid in the filter tank (11) and a scraper conveyor (14) MCSLLP
for scraping out chips settled on a bottom portion (11a) of the filter tank

(11) toward the exit section (26), and in that the 15-scraper conveyor (14)

includes a lower portion (14a) which moves along the bottom portion (11a)

of the filter tank (11) toward the exit section (26) and an upper portion

(14b) which passe r the lo ortlon (14a and returns. to rtln
end of*fHéQOﬁ/e?% oﬁc(_aLbla) PAd that the fi rpoerum%g%ﬁi i gr?a

horlZOﬁ&@%@}W&&ﬁ5@%@%%%&1@ andhthe Hppet p@ﬂ'PE‘a(ééb)on the

the scraper conveyor (14). 4. A filter device according to claim 1,
charactetized byfurtherlcomprsing andxitsectien @5(26) situdtedia ascraper
position higher than a fluid surface (Q) of the contaminated fluid in the

filter tArie €EL) 6d)a S&EPBF Eomveybl B1AfOF SCraphgdut dhfpsez+s  (X) of

MCSHH@ filter drum (13) so as to be in contact with or in
close vicinity to the outer peripheral surface of the
filter drum (13).

3. A filter device according to claim 1,
characterized by further comprising an exit section
(26) situated in a position higher than a fluid surface
(Q) of the contaminated fluid in the filter tank (11)
and a scraper conveyor (1l4) for scraping out chips
settled on a bottom portion (1la) of the filter tank
(11) toward the exit section (26), and in that the
scraper conveyor (14) includes a lower portion (l4a)
which moves along the bottom portion (lla) of the
filter tank (11) toward the exit section (26) and an
upper portion (14b) which passes over the lower portion
(14a) and returns to a starting end of the lower
portion (l4a) and that the filter drum (13) 1is arranged
horizontally between the lower portion (l4a) and the
upper portion (l4b) of the scraper conveyor (14).

4. A filter device according to claim 1,
characterized by further comprising an exit section
(26) situated in a position higher than a fluid surface
(Q) of the contaminated fluid in the filter tank (11)

and a scraper conveyor (14) for scraping out chips



10

15

20

25

25 se

ttled on a bottom portion (11a) of the filter tank (11) toward the exit

section (26), and in that the scraper conveyor (14) includes a lower portion MCSLLP

(14a)

which moves along the bottom portion (11a) of the 5filter tank (11)

toward the exit section (26) and an upper portion (14b) which passes over

the lo
(14a)

wer portion (14a) and returns to a stabr ing end of the lower portion

, the filter tank (11) is provided with afilter tank body (70) which

accommodates the scraper 10conveyor (14) and a filter accommodation

cham

besidé Hie SEApRF cBnvisyor (14 3R

ber (71) which is located side by side with the filter tank body (70)
5308 fir GrunP(L5) FTobateciih the" ¥

filter accommodation chamber(71) 5o that the axis (X) extends.along gy

15moving direction of the scraper conveyor (14). 5. A filter device

accor

dingdp<ctainvd,chasacterized imthat thesfilter dsumA13pisfarmed 14 a)

into a cylindrical shape, a scraper blade (81) is located near an outer

periphEtalcsurfatesst thé fiter 20druRPEB)MaR® & tdistal end-6f the sckajser

blade
as to

Sgions b e drncl e pip (1oL BID .
upper portion (14b) which passes over the lower portion
(14a) and returns to a starting end of the lower
portion (l4a), the filter tank (11) is provided with a
filter tank body (70) which accommodates the scraper
conveyor (14) and a filter accommodation chamber (71)
which is located side by side with the filter tank body
(70) beside the scraper conveyor (14), and the filter
drum (13) is located in the filter accommodation
chamber (71) so that the axis (X) extends along a
moving direction of the scraper conveyor (14).

5. A filter device according to claim 4,
characterized in that the filter drum (13) is formed
into a cylindrical shape, a scraper blade (81) is
located near an outer peripheral surface of the filter
drum (13), and a distal end of the scraper blade (81)
extends 1n the direction of the axis (X) of the filter
drum (13) so as to be in contact with or in close
vicinity to the outer peripheral surface of the filter
drum (13).

6. A filter device according to claim 4,
characterized by comprising a fluid jet mechanism (90)

which ejects a fluid toward a contaminated fluid in the



vicinity to the outer peripheral surface of the filter drum (13). 256. A filter

device according to claim 4, characterized by comprising a fluid jet

mechanism (90) which ejects a fluid toward a contaminated fluid in the

MOSLO 26 filter accommodation chamber (71). 7. Afilter device MCSLLp
according to claim 5, characterized by comgprising a fluid jet mechanism

(90) which ejects a fluid toward a fluid surface of a 5contaminated fluid

over the scraper blade (81).

filter accommodation chamber (71).

7. A filter device according to claim 5,
characterized by comprising a fluid jet mechanism (90)
which ejects a fluid toward a fluid surface of a

contaminated fluid over the scraper blade (81).



