10

15

20

25
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DESCRI PTI ON ~~~~~~~ e reer e e ol i
I 111l ~I'l~ FILTER DEVI CE *c00002* 5 Technical Field
The present invention relates to a filter device for

decontam nating a contam nated fluid in which chips,
fine sludge, etc., are m xed, far exanple. Backgrou
Art 10 A machine tool or the like for nachlnlng, www
as cutting, grinding, etc., uses a fluid such as a

[ITHENN
cpoLan? for cooling @oﬁk@i@p% plAi § gjwjg LS mxed—
Wi t oreign matter, such as chips produced by

et g, e s, et i orer to,revse e NN
etc., a filter device isFI§SdR @EVETHYe the chi ps, *G00002*
sludge, etc., from the contam nated fluid. The

i nventors hereof have | ong been investigating and

devel oping filter devices and devel oped, as part of

20 them a filter deV|ceTﬁﬁ§Pl&9é55}q%qter el enent

formed of. a Bunchlng nmetal .. For

punchi ng- HEEaPLFFEPEr 1BFEREAPT € €§€F|5€d |ﬁl}5ﬁr g@vice
OKU Publication No. 4-3392
ﬁgﬁu %Et%ﬁing ?ﬂénﬁﬁncﬁlngcoﬂg ar; na% %arg@lguﬁﬁe hyFh
unc es h | plat
Preanghﬂ?g f?égsggﬁ thaggﬁgs §§Fapq§%%nu%bgr%gg%g%ﬁé.
These punch holes are forgedigtound 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. 1In 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. 1In 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



10

15

20

25

predeterm ned pitches in the netal plate. This 2
punching netal is fornmed into a cylindrical shape and
set in a filter tank. As a contam nated fluid fl ows
fromthe outer peripheral side of the filter el ement
to the inner peripheral side, chips and the |ike that
are 5 contained in the contam nated fluid adhere to
the punch holes. The punch hol es of the

punchi ng-netal filter elenment are fornmed by neans of

the ﬁﬁﬁéﬁigbeméﬁéﬁ hasfothed ange %ugg%g @&iﬁ%ﬁssPE?%eand

punch hol es“that are 10 punched out e pins o

di e baveianal ARGEersHphace hRat iPnthkdhghtd F1tN& filows
thi ckness direction of the netal plate. The inner

sur f agemot htheupsnchebabes rails sidgged, thavirag tshean ement to
mar ks and the like. Inevitably, noreover, openings of

t he poachnhelrepearnpheiblsgbjdect cthdppr apectthend ikechhas are
burrs. In this filter elenment, chips are liable to

sti cRoNhadnePeinatifht chptamiaapesch lidkdeadheget gt tihise punch
chi ps cannot be disengaged wth ease. In sone cases,

t herBPOFE; the chips may fail to be renoved by only

e n B PaRRae) O, 0 R e g e
to f I in_t tal late W t.h e
of 1 PeEE, B R e B el B GE et o P

PI NS nBDIGOYE! nufinke! Bl Keby SOfhe2puiRhehotlesMHa P re

used as the netal plate for the
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. 1In this filter
element, chips are liable to stick in or be caught by
the punch holes, so that the chips cannot be disengaged
with ease. 1In 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.
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punching netal. Therefore, the punching-netal filter
el ement has low stiffness and is easily deformable. 3
Dependi ng on the contact state of the scraper bl ade
for renoving the chips adhering to the filter

el ement, the punching netal nmay be deforned, thus

| eaving roomfor inprovenent. Di scl osure of

I nvention Accordingly, the object of the present
invention is to provide a filter device in which

hi ' ' t apl pat e

ChaP AL ol K Bofo o aPL0BLE8 LY Gt Dobiace cor
cl 0ggLRGy LANNOL e 0SS s é@h@&ihgeééethé Ehh&@% g@%h@ﬁt the
of the present invention conprises a [ter tank

St orean #h 1 g an€ont afh papedatkyirdewhi @hus_cmetaahﬂg room for
chips, a filter drumrotatably disposed in the filter

t ankimpmtdovemernsed in the contam nated fluid, and 15 a
drive nmechani smwhich rotates the filter drum around

the axis of the filtédisdhiomurthef iIntvemtdrowm i ncl udes

a filter element which is produced by form ng a porous

pl at e havhfgoadingge, nthbepbdfcEi pEulthei prelsengs invention
therein into a cylindrical shape, such that an inlet

20 pb%tt%fpé%%hd%fatﬁé E?FCGP§%F6n1HoWE§CBp€H§PFnaPHethe
per surface of t and t

0ﬁt|§?ﬁégi? BpERRC AR ﬁ@?ﬂn§?335 Fsh RePsio8arfgeatpprated
the fpgﬁogsfpigéf Qﬁe £rcgoaéh%9 9 Séﬁa ca%nﬁ%{%g#ur

pl ate are forned by hg~an ave e suc

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 fluid, and
a drive mechanism which rotates the filter drum around
the axis of the filter drum. The filter drum includes
a filter element which is 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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25 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 mninmm between
the inlet 4 port and an internediate part with
respect to the plate thickness direction, that the
openi ng width gradually increasgs fromthe small est
opening toward the outlet port, and that the opening
width is maxinmumat the 5 outlet port. According to

the BB?%eQBdiQ eQEIQQmebESteC.%%%l%ﬁ%_nﬁggp %tOEOtQ%e plate
at e

porous plate t unctions a the il ter el enent ar

formed; bynetshiingeandohavena: %ﬂ%p%f%%¥%§Iwyﬂﬂkhgradually
smal | est opening is forned so that 10 the openin

wi dt bntheaset irgofi RhBUBNMBEt WeeN ot Ny elowaRQf tthandutlet
the internediate part with respect to the plate

t hi ckoess dhdethkonthandpkhdngt e dapenisngasitidnm at the

gradual ly increases fromthe small est opening toward

the outlet port.-to forma tapered shape. Therefore, 15

chips and the like in the contam nated fluid cannot be

easi |y stPEREINAt ke FHFORS SFieatte Ve rdriomeddye t o

coverate,loomine perouy elae, The chips apd (e like . ..

A LhguL ELo0gg;Ligcp Ll sLig oles e Ui 20,

ChIOLhae biam LAgelLLkeLy SO ool B0 LA so chas

Sect tAB BYeAifng" ARAENCOR%EYRE: 10N 8% Setween 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 formof the present invention, the 25

inlet port is formed with the small est opening and the
outlet port is fornmed with the I argest opening. If the
circulation holes are circular, the inside dianeter of
5 the smallest opening should be greater than the

t hi ckness of the porous plate. I.n a preferred form of

the present invention, the filter drum may be forned

into a cylindrical shape, a 5 scraper bl ade may be

‘tho T SPRETERL KRahIRgr b e B F Brst e e

bl adey My exEeBd LRet Egrghge ﬁa%@ of the axis of the
filter drumso as to be in c ntact with or in close

vicinity ta thereykereperibphedl o A S 1Qvdhe ion,
filter drum The filter tank may include a filter

t ankf bbdgrwhirah megoprpdateedt hetschapsn ipemierar saige,
a filter accommopdati on chanber which is | ocated

besi deraphe Pbilhtler mtgnkebddyaten adprekertr ed fhemcafter
the present invention, the filter drumis

the

accoppbdahedailnsesfepe Pfl tbe dddsmrwodauinon ackhambelristal end

Brief Description of Drawings FIG 1 is a sectiona

Vi eV\PBft]aefiSFFéPeHeWé@e aeaofeautﬁ@dténatflﬁrgtlrectlon of the

enbodlnent OE E E ese i nvention; 20 FIG
f

sect Fohal °¥i

grfEFP@r58e9|c§O PRk R §P8ﬁécﬁlﬁéth or

F2- anogﬁg%giV}Clnl Y %oi%he gl%grvb%W1O%era&asuf%ace of
porous pla

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 accommodated 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 is a sectional view of a porous plate

according to a second embodiment of the present
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of afilter drumshown in FIG 2; FIG 4 is a
sectional view of the part of porous 25 plate taken
along line F4-F4 of FIG 3; FIG 5 is a sectional view
of a porous plate according to a second enbodi nent of
the present 6 invention; FIG 6 is a sectional view
of a porous plate according tog third enbodi nent of
the present invention; 5 FIG 7 is a sectional view
of a filter device according to a fourth enbodi nent

of t t invention; FIG 8 is a sectional view
of t%ﬁvgﬁf§§$'device taken along line F8-F8 of FIG

7; and 10pkEG 691 5SaaBce8kanged WieeWoef aa pRaily0f1the
filter device shown in FIG 8. Best Mde for Carrying
Qut dbectaveat tonaAchilbteemdevigenacear dhagpresanki rst
enbodi nrent of the present invention will now be
descinbedtwbhh 15 reference to FIGS. 1 to 4. FIG 1
shows an outline of a contami nated fluid recovery
appar at usFIFhe7coat anbagtédnklluivd eweodver ¥ 1 ldgpacdavise
is used to renove foreign matter froma cool ant used
in a®faehihedt BBl 21fodpEh g8badABERitnPAgtde eErBsEnt
thereby nmaking the cool ant reusable. The contamni nated
cool RY®aFs2harged from the nachine tool 1

FIG. 8 is a sectional view of the filter device
taken along line F8-F8 of FIG. 7; and

FIG. 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
reference to FIGS. 1 to 4.

FIG. 1 shows an outline of a contaminated fluid
recovery apparatus. The contaminated fluid recovery
apparatus is 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



10

15

20

25

is an exanple of the contamnated fluid DO Mxed in
the contam nated fluid D are chips of an al um num

all oy, chips of a ferrous nmetal and the |ike, fine 25
particles of a nonnetal such as carbon, etc., which
are produced by cutting or the |like. The contam nated
fluid Dis fed fromthe machine,7 tool 1 to a filter
device 10 through a di scharge passage 2. The

contam nated fluid Dis decontam nated by the filter

devigg, 10, A cleand LLuid € Lhah Lf. degont aminated by

t he ter device S agarnto he machiné

toolpdsshyough arsupphyrRAsSadeq4raltiar p Qgi B8 BUTBRI nated
up by a punp 3. The followng is a detaile

descie{ pthontof téheqelibtenodevihce128ndAs18hOWE ikRat is
FIGS. 1 and 2, the filter device 10 includes a filter

t ankdddonwhimthad8dcont ahes fiheegontani-rated ikl yed Bgaan to
clean tank 12, a filter drum 13, a scraper conveyor

14, ehe.mJbeicéetnolt ankht@ubd Bosopdladpacentet @ tlicer
filter tank 11. The filter drum 13 is |ocated inside

t he Peingreempkd1ep bYhe pompadi-nated fluid Dis fed
fromthe discharge 15 passage 2 into the filter tank

11. A scobpfn§olséeriaf 1852t Hatadteends sqirdgsaam pIf the
upward.js fornmed at .an end portion _of the filter tank
11. i&}t?ﬁrgeﬂ?FeeEOnec%ﬁn?@ﬁWTGlPhggGﬁas%aaﬁﬁtgr a8e

its ' sQur [ rovided at .t t op _of e .
scoog§%ggée§%Y%§e1§9 288¥H§%§c?agé?%gén38§§r324 phich
lOcaéggt5§ﬂg'QﬂefEBHEQminated fluid D, a clean tank 12, a

filter drum 13, a scraper conveyor 14, etc. The clean
tank 12 is 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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bottom portion 1la of the filter tank 11 to the
scoopi ng section 15. The scraper conveyor 14 incl udes
chains 23 and a plurality of scrapers 24. The scrapers
24 are attached to the chains 23. The chains 23 25
endl essly travel between an upper sprocket 21 and a

| oner sprocket 22. The chains 23 are noved in the
direction indicated by arrow Ain FIG 1 by the rotary
8 drive nechanism 16. The chains 23 are guided in

move Neuﬂegggﬁ%ge%' onTﬂL, é&ggoca by .gui d %ﬁg@%fs

25 ( own I n whi ch "are ed on ot tom

porthQOeﬁéﬁtoﬁntBﬁelHkgeeﬁlbheo%'5&%% %n%y1%u1%e H%mbers
scrapers 24 are arranged at predeterni ned terva

in the lengwhudhnalcdi pectizancaf athe 16kaitRs o23thASbottom
typically showmn in FIG 2, chips K settle on the

bot t poxrpoothi dhal ba ohet hekki bferhkardk 1tkr Thek ahi.ps
K, along with sludge and the Iike, are carried 10 out
into an eXht sectpems264t hreugl riengest @dpiprg deseatiiored
15 by the scrapers 24. The exit section 26 is |ocated
out sideerrelsi Fnekheahkngitudthaadxidi reedtiioon of26 hies chains
situated in a position higher than a fluid surface %

e on

of thé-fifPeFYPaRRI1Y. SRRENCANPSIR: rudgeps Ksseté.
haV|988reacEed the exit iectlon 26, drop fromthe

exi t "B8cPPEhCB6ePPOWAPE 41PelévEPy Gditf? tPRE ddrapdhne
CONVEY e 1§aln§ g 1%h|gfﬁd p%%BotQﬁaﬁ&&epoﬁgloﬁfrrled

portron n - upper on (i

14b. OIEeihe$55np8§ﬁkoge$%§oﬂf2%h%h§%5%%eEhe scoopilng

section 15 by the scrapers 24. The exit section 26 is
located outside the filter tank 11. The exit section
26 1is 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
exit section 26 toward a recovery box 27.

The scraper conveyor 14 includes a lower portion
(outward portion) l4a and an upper portion (inward
portion) 1l4b. The lower portion 1l4a 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 l4a, that is, toward a lower sprocket 22, via a
region over the lower portion l4a.

The filter drum 13 is arranged horizontally

between the lower portion 14a and the upper portion 14b



20 conveyor 14 noves al ong the bottom portion Ila of
the filter tank 11 toward the exit section 26. The
upper portion 14b of the scraper conveyor 14 noves
fromthe exit section 26 toward a starting end 14c of
the lower portion 14a, that is, toward a | ower
sprocket 22, via a 25 region ovey the |ower portion
l4a. The filter drum 13 is arranged horizontally
between the [ ower portion 14a and the upper portion

14b 9¢ ofictbe, SELAPEELGQYNRY QY 14, ASshown i g Bl Gy 2.1 o
11 | rne é in

the filter tan S havi ng openi ngs

posi tionsrthabki ndi videgbhkdl a6& ithe pRPASIke 3@nds, of
the filter drum 13. The clean tank 12 conmuni cates 5

W t hp@sit DbeEI @ha8linlithaukilhteradeurnt3 cbboeugl Ehels of
openi ngs 30. Thus, the cleaned fluid Cthat is

i nt rodecédltarodthe iBteriThe 3leah thekfillt eomdiimckIes
flows into the clean tank 12 through the openings 30.

The #itheandinnrei8ors3profi dbe Viitlhea firlmed 31@hrough the
el ement 41, short cylindrical end nmenbers 43, .

spr oeRersngq438n t RBuendthentdesngs, fadudd Théhpitl der

el enent 4 is formed by.rolling a_porous plate 40,

whi ch™f P Uﬁsé 4B5Eer FB8dNEEEH: %i Ato%d &R ddditerTRgum 13
end rs_43 re fixed_individuall o.the oppasite
ond burtronatar (BE sl rell drefdnetar’sh edRaies s0.

fixing co 8”%@H%e%2drgﬁ2?@nign @Séaﬁééfwﬁgﬁhaa%ilter

screws. The filter tank I'S provi bearings
45. gmgmghkt@ﬁ,dEH€E%3cy§in§%E§%ﬁt%%df%%m%%E%tM%Q sprockets

around the horizontal axis
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 is
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
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bearings 45. The entire periphery of the filter drum
20 13 is imrersed in the contam nated fluid D. Thus,
the filter drum 13 rotates in the contam nated fluid
D. The chains 23 of the scraper conveyor 14 engage
the respective upper parts of the sprockets 44. \Wen
t he scraper conveyor 14 noves iTOthe di rection of
arrow 25 Ain FIG 1, thereforé, the filter drum 13
rotates in the direction indicated by arrow B. The

rot ar rive: chani sm 16 .f or vi ng the scraper .
ConuedsP 5E%a Mea IR RO S AP e AR it eer
f or thﬁth@g the filter drum 13. As shown in FIG 3,

the porous plate 40 that functions as the filter

el ement 4hshasoan argemumber e Yo UL WiatdoOm ol iese
50 that are forned at predeterm ned pitches. Although

t hesguekreuhat kenthkolfes t2Q anemdndi vilduald ¥ Qidreid afumber
circulation holes of any other shapes than a circul ar
shapefmay rbelaadopt édlienst@adhaAs askoviorimed-laE 4, an
inlet port 50a 10 opens in one surface (outer

per i phedatesmihgdepdOghest. tHHdhsogbus hslsst e 4 uletion

Is situated on the outer peripheral side when the

por ofi81fFaPd 2@ei 3nAGMicHaildto CiF G mderi.r AR adutqretholes
port %Ob opens in the other surface (inner peripheral
sur f 8¢e 2BbPLEF Tt KEAPE o< 25 PIATE UG 1t FA2HS may be
situated.on the_ i nner peripheral. si In FIG_A4

ot oAb R eSS R oi PRCETON T i wiidi e an infet pore s0a

Cont%E%%%t%% %h%igd@ﬂﬁgétdyé%g¥1ﬁéyiﬁﬂéfgﬁE§df¥5£§”5ﬁ%) of
the porous plate 40 that is situated on the outer
peripheral side when the porous plate 40 is rolled into
a cylinder. An outlet port 50b opens in the other
surface (inner peripheral surface 40b) of the porous
plate 40 that is 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 circulafion 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 is 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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50. In a cross section of the porous plate 40 in its
20 thickness direction, as shown in FIG 4, the
opening w dth of each circulation hole 50 is m ninmm
at the inlet port 50a and increases toward the outl et
port 50b. Thus, the cross section of the circulation
hole 50 is tapered so that the ?pening wi dt h

i ncreases from25 the inlet por% 50a toward the outl et
port 50b. A smallest opening 51 having the small est

d d h I . .
'nS|g§ gg@”ﬁ%e£hilkaé§eﬁaLE%51 e%ﬁ%ﬁﬁg§§$fﬁ§ﬁ%b%%%mé% at

| ar gest open ng -t

d'angﬁgrogglb§ EBE@E@O@t %ﬁ% %&E%%Ha&q % @Qﬂe %% each

circul atron hol es 50, each™ having

Crosgasesti enak §Q@B§r5@@@l@%aﬁo%ﬁ%%ebyczﬁPQEPQdE%é@ by
metal plafe (material of the porous pl'ate 5 40)

et chtbgrbaoAyOREmSHde. pé@t%xaﬁﬁk%rﬁﬁlekﬁhhm&|§%rous plate

phot o- et chi ng based on the use of a photo-resi st

coat #0y aBpdeanhaopdflrbgubde Andexanpne edfanidl® of etching is

t hi ckness of the porous plate 40 is 0.15 mm The

i nsi Heodpamkrbingpbreedi amettér) usk tife a Thcgmaldeesist

opening 51 is greater than the thickness of the porous

pl at €°4biBaAd2P&nges aFieml@@u2dto 0.25 mm for

exanpl e. However, sone other plate thicknesses and

pore di an@f“ere§af“ﬁ&ﬁ e t&@ortégﬁkdleosr?esowebé’%ﬁ qfate 40

depend| en the [terin acgura fl%w ra and 15 £ th

ot hef °c & W@hs shd FRMETST, @4 & %ﬂﬁéaec> €

60 '§m59§§g€dopenlng 51 is greater than the thickness of
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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adj acent 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 20

peri pheral surface of the filter drum 13. The distal
end 61 of the scraper blade 60 extends in the

direction of the axis X (horiz Etal direction) of the
filter drum 13. The circul ation"holes 50 of the

porous plate 40 25 are fornmed by etching. Therefore,

a very_thin_netal late with_high_.hardness be
Used” 53 AL HAC P AP LoP DECRE PBFSUS I ATE 402 SATAERAIRSI%e 2bout
ety bal enbe BelZ c8habRkasa! afls SA0 LAl o
that has hardness about —twiCe that of & conventi ona

stai phess;isteel cpbatac The Lhliter i@l empie Aby W1GN S the

formed by rolling the porous plate 40 into a
cyl ipdesushpsageeatd shichbf Bessy 13 ndRSNI e d g i RRQ@FFness

Therefore, the distal end 61 of the scraper blade 60
I S nd¢spluseeptsbkeinaedef or Thkireforevenhsheri sitth iIcenmes 61 of
into contact with the filter element 41. In other _
wor dshet hereheckhésdeofOt he portows:syleatte b140 toageformation
further be made | ess than that of a conventional 10
filteveel s8heAt ithaemes LOERe G OBt 3 tp i igrendtiditer element
Sincg the_plate thickness can be reduced, the dianeter
of th-ci FEUPRPPENVREFEs 50°c&R USRS Ae thgd@Areds plate
t han ghat of. ¢ ven%ional ones, that the filtering, .
accuf c§a8aﬁu5g Fhic Sa?égecgﬁ§szgﬁﬁ1ﬁ%af5 hg conventional
fo'l?%ﬁggrlgl@mgﬁ§thgqug %%r%&%i%ﬁ?%@$d%%ﬁ¥hg 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

circulation holes 50. Fine particles and the like in

the contaminated fluid D also stay near the inlet ports
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the filter device 10 constructed in this manner. The
contam nated fluid D discharged fromthe nmachine too
lis fedinto the filter tank 11 through the

di scharge passage 2. The contami nated fluid D fed 20
into the filter tank 11 passes through the circul ation
hol es 50 of the porous plate 40 gt a relatively | ow
speed, starting fromthe outer ri pheral side of the
filter drum 13, and flows into the interior 31 of the

filt d 3Asths sﬁone,ci and the I|i
aldher%Ee) t%u:’neg;flogngxﬁén s t’lhg gﬁf}hﬁ)&h&fpst hekﬁlus'
ci rcuhati,an haly 3%1 %Ofg{olw%e sﬁ%rvh'yc'l%sf A ”l%t'ﬁ'ﬁﬁtoﬂ 1 of
t he contam nate D al so stay near

port%h@SleQ@rbﬁ,rutnormexanpl e, adhering to the chips.
Thus, the <cleaned fluid Cflows slowy into the

interior Fheofclddred iditard dr wBdsht abhigdeangd dldli€h1ter
C decontam nated by the filter 5 drum 13 flows from

the dmuerilsr £3bwaf firben frinlet emtédmimr B3 ioft @ Hef iclwan drum

t ank 12_through the openings 30. The cleaned fluid C

t hat le@@bdé@eiwﬂ@amhéa®ked@ ttamdoutd tihe purgpeichgmp Iy. The

the punp 3 and fed again to the machine tool 1

t hr oGgRainRe dppldy Cpabsagd s4 Juigiens ittt fhile erledyrurharge 12

rotates, the chips K adherln% to the outer periphera

sur f ééepb’f“pleﬁeuﬁ} PrrethedPymPL3 &% d@d e i6F ftpy-hehanachine

di st ﬁnﬂ %ﬁﬁ %h% scraper bl ade 60. The

scra%@& f CHI%E K &FOEW&%(¥ RAve 96t t'om portion Ila

of the fll kFa%&i¥£r-Qy%m 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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15 chips K and the |i ke deposited on the bottom
portion Ila of the filter tank 11 are scraped out
toward the exit section 26 by the scraper conveyor
14. In the present enbodi nent, the circul ation hol es
50 are forned by etching. Besides, the smallest 20
opening 51 is forned in each iniﬁt port 50a, and the
opening width increases fromthe snall est opening 51
toward the outlet port 50b to forma tapered shape.

Th [ idth i [ t th tlet port 50
Thus® CERE aPoalat F6R SHOIEE 150 SShowT i RIS a5

hot ﬁﬁ?itﬁg&f; gtg%f; Burtfaggrtefaags&;ag% coryentianal, oo eaqs

punchi'ng- me er element ers. e Inner

surf @‘fngfth@a%l%it_r %)%lr%t iS@%_ QQ)I ech%O oiusc l%@ﬁ)tot}tw §Cﬁzgt Thus,

14 suffering any irregularities such as shear ma

Furt hee, chtpBasaanbapeeed tShaRe s¥chhdhoddusigads 40, so
fromthe |nFet port 50a to the outlet port 50b. Thus,

t he chipsctaggahgbeostsi eked reading p@RUS plmAted 4 SOps

5 that clogging does not readily occur. Even if chips

and ehd thkeladkerdheget e ditceroutern pherighhena)f agerface 40a
40a of the porous plate 40, noreover, these chips and

t he Ofi kéecapretserdilty i coneoves pdhmss pihdtes 4md the
As the filter drum13 rotates in the contam nated 10

f1ui d1B CRENCRI F8Sdr ¥t K& 15K Nadhiér IBRg A4 tHe ror'dles

Pl 40 Hve Lossier WAk e oSl PeLIET Al arinatec

flui Ql.u?'d '%S ICIH% fcihlitpesr o(%r l’lcr}Qel%irkoet %t Se’ritnhge to the porous

cont am nat ed
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 1is 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 lla 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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fluid Dthat relatively flows around the filter drum
13 15 cones into contact with the chips and the |ike.
Wiile the filter drum 13 is rotating, noreover, the
chips are wurged to separate fromthe | ower surface of
the filter drum 13 by their own weight. Further, the
chips and the like are subjectfg to a centrifuga
force or the 20 like that is causSed by the rotation of
the filter drum 13. For these reasons, the chips and

the Like adherin o the filter drum 13 settl e down
toma?%p?ﬂ%g%o 8ﬁ1t% r%ﬂgﬁeF|§r8P 9#6 filter tank 11

Po el ne obnnelScAd ERYENSAU thE Tl AR A1y o

t he contam nafe ernore, a flowo

contaapnated ELuhdcRei $19¢e8er ated. 18N s 1fd @We0lyithe 1 cng 61
contam nated fluid D pronotes the chips and the 1ike

to 16r skpasatepbropithe kol ter xdpmMab3rcThesm the filter
chips and the |1 ke are allowed easily to separate

fromitive 18] tenedefiord3. the thepdi atakrend 6t tok theer
scraper blade 60 is kept apart fromthe filter 5 drum

13, pheiehere! shefehepsfadherifnjgtes thhemolteexfoliate from
peripheral surface of the filter drum 13 exfoliate
frongh?héliFPFe?rHWuﬁﬁlgh?h@OW§ﬁénﬁhﬁhéhépﬁp§0@@nénto

into contact wth the distal end 61 of the scraper

bl ade°BBAct DEpENRAFRE BAStRe E€BAdPL 6fs thenecerpss kigde 60.

G A £ R R S N

?L: %g??%ﬁ%g%F%ﬁgg}o%h%hgik&%%e%r%@h%Sl%n%i%%%%Ee%sg%g the
scraper blade 60. The chips K that are separated from
the filter drum 13 and settled on the bottom portion
1lla 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
thereof. A smallest opening 51 of each circulation
hole 50 is 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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Ila of the filter tank 11 can be conveyed toward the
exit section 26 by the scraper conveyor 14. 15 FIG 5
shows a cross section of a porous plate 40 according
to a second enbodi ment of the present invention in
its thickness direction. In this enbodinent,
circulation holes 50 are fornedlgy si mul t aneousl y
etching a netal plate for use as the 20 material of
the porous plate 40 fromboth surfaces thereof. A

smal t ing 51 of ea circulation hale 50.s
For mEAC) ATBLREAT SPoRAPE Vit AZFodpR: S { RS RAISY to the

thiCEFﬁéﬁlngSﬁthggesng BEeQ% \Me %ﬁtp% E%%iment,
circulation hole 50 1ncreases fromthe snallest

OpenbeﬁpagédS%ikﬁmﬂﬁes@no?UE%%tcQ%R%n%qgmaﬂn%d%Q%iq?—metal
opening width is maxi numat the outlet port 50b. Thus,

in thelpeesentmeaihodhipBt anbothesildes f%fant PR fdePUrated
and rear parts of 16 the smallest opening 51 are

t apemede Aeesdigi figomothhepotionculpdtaten 49l e Fhaaf dieyging
present enbodi nent, conpared with those of the
convénesonak peadhilmgometal. filter el enent, chips and

the like can be separated 5 nore easily fromthe

porous pl 4€&-46, s¥evshat CElSFyiSRFt iddes et nagadid yplate 40
occur. FIG 6 shows a . cross_section of a porous plate

40 3EEBFAiRg €68 & Chird smbodiimsnt &f the present
invention iin its thickpess direction. A smallest 10

opent RESBE LGP &k i r BT BEFOR FOrE Saosr (i omallest

e”bog.bgﬁmngi §1f g%r@gc.ﬁnc??ciuﬂta%ri%dih%tlee Ry tofn%%risan
embodiment is 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 is a description of different portions.

A filter tank 11 of this filter device 10A



inlet port 50a with respect to the plate thickness
direction. The opening wi dth increases fromnear the
inlet port 50a toward an outlet port 50b to forma 15
t apered shape, and the opening width is maxi rum at the
outl et port 50b. The porous plate 40 having these
circulation holes 50 can al so pﬁgduce the sane effect
as the porous plate 40 of the first enbodi nent. FIGS.
7 to 9 show a filter device 10A according to 20 a
fourt [ ., Qf _t se invent. on._ Since . the
basi %nggyggug?ﬁégegng%fl%s’ﬁ%}n 7IOOP' ?hhel% 1567 e(%/a}tcee a
-10A i hase qf e A V] :

the Frral Bmbon sasr, egmass nurer e ane iy chanbes
desi gnatre rpekt bans neommRm Kt & hed Wo 1dewi 6@k WKW 2P The
description of those portions is omtted. The

fol | owilngri acaocthesekitpionortHefmidd f f7ar enth iR tddSc it kes a
filter tank 11 of this filter device 10A 17 includes

a fibbet bdnkheody 17@r waindh ldccamudatrest & idcraperide with
conveyor 14, and a filter accommodati on chanber 71

f or nédeoi itherf itank dodvhe &.i | thea shamk: bodyF I, Sthea

filter accommodati on _chanber 71, which constitutes a 5

par t P titfrd Of PLéf et ditk 11 P ¥ichdrp e Hihssifdel ter tank
with the_ filter tank hody 70. As shown in FIG 8,_a

par t PPPEn 791 &€ 7%ei§lgt i fedt P& TheEFamer tank A
body c?:gun%ngctab:? ofnI lh%) re COJ_SI % artn%eo 5 rucr{]cﬁegrbgcg}({ }R%rﬁ%l tZI_J(Pn

conmuni cati on hol'e i s fornmed un

platg;72. Hhe fidler;hank hady 10.andd he d iddersi1ter

accommodation chamber 71 communicate with each other

w0

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
shown 1in FIG. 7 is 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 1s 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
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accommodati on chanber 71 communi cate with each ot her

t hrough the communi cation hole 73. Thus, a
contanminated fluid Din the filter tank body 70 can
flowinto the filter accommpdati on chanber 71. 15 A
filter drum 13 is located in the filter accommodation
chanber 71. Since the configuragéon and function of
the filter drum 13 are sinmlar to those of the filter
drum 13 of the first enbodi nent, a description thereof

s o Lpeg. aThechi Lebcdum13.20, shaun '%g)gelrgn's

arrange orizonta I'n the CCO

Chanp§5n2$1§915Haﬁeﬁggraﬁbs éue%hg@na|%ha@ﬁ§ assed
extends al ong the noving direction A of the scr per

conveyetind4anAspshQweni RhEl Gri&ing BREQLKER 7% lLcAted
over the 25 filter accommbdati on chanber 71. The

not odr7%eccaspescaetdri Wheg speoekebr765t @otettalise itherefore,
the direction indicated by arrow E. The filter drum 13

i s ptbei dedte8 dwihmhld dpiteérssprnothket dimetctshowindikated
power transm ssion nenber 78, such as a chain, is

passed 2&F6Un8 anaubet RBenarhé dri vilhg §§ﬁ@@k§ﬁ,7@réwdng
the driven sprocket. Wen the notor 75 rotates,

t her 8P5PEXSE {he PPFt BPYEFUMTESSFFELES MembRE

di t .' d B t h )

ot o obaCLhREs Bhe gaf%sarr%m%%%%ovﬁ&retr%xm'S o e
Elzé Qﬂﬁth§Ute the drive nmechani sm 49 for

rota? fhe er 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 is 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 is in contact with the inner
peripheral surface of the filter drum 13. A bottom

surface 7la of the filter accommodation chamber 71
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10 The filter drum13 is forned into a cylindrica
shape. A scraper bl ade mechani sm 80 is provided near
the outer peripheral surface of the filter drum 13.
FIG 9 enlargedly shows a part of FIG 8. The scraper
bl ade nmechani sm 80 includes a first scraper blade 81,
a 15 second scraper bl ade 82, a gackup pl ate 83, etc.
The distal end of the first scf per bl ade 81 extends
inthe direction of the axis X of the filter drum 13

o oode DO PRER; BU%Estl Rebbhe %@Fﬁﬁ%@f%%m&t@?ﬁé%% fren
fil . .20 _de .
for it aF S EPT: Spal 385 EIRY RN AT 13 povard

el asthgei k¥rafhe cg5§g?bre@q.of the second scraper
bl ade 82 extends in he direction of the axis X of

the filterndrvack3p piat2d smannen sl d hatside ithd Filter
contact with the inner peripheral surface of the

filterudrum 28d Anbat posi t3wnf aee rékapefditrhe tfd Itrey distal
accommodati on chanber 71 19 declines toward a bottom

port eod bfatbe fhatti sccapergbildelechilps Jeparatcddid ndrate 83
the filter drum 13 toward the scraper conveyor 14.

The B&ERDPSpiLat éhg3digecsdéaned i ndicd@xilse X idft érhe Filter
drum 13 and in a position corresponding to the distal

end 8FUPhé3f PPst SEOPRBES hhgdd gt e rTive Wadkdu g ipitatid sggte -

crteatsnl Bithe gt Lot hon.ol Lie gl ol il il
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 1is
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. 1In 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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Bot h ends of the backup plate 83 are fixed to the 10
filter accommodati on chanber 71 by a frame nmenber (not
shown). The backup plate 83 prevents the filter drum
13 from being defornmed when the filter drum13 is
pushed by the first scraper blade 81. A fluid jet
mechanism 90 is provided in the,filter 15
accomodat i on chanber 71. The fFuid j et mechani sm 90
includes a nozzle 91 and a fluid source 92. The nozzle
91 eLg%t§.§tgkegged flgbg.c toward a fluid surface Q

above helscraperV%nge mechani sm 80. The fluid source

92 suppl i gsﬁle_t hentheaned Lfihlqli% g qd I%ee ggz%zt:eﬁﬁeg]la‘%nhtsed

20 fluid IS purer than the contam nat

is preberabl yideeontamynaled 9 the Sane H89€Q AR ained in
the cleaned fluid C. In the case of another

embodhaeRbntwt heukdt e user apeye thl1ade MeEhaRii sMeB0,tank body
the fluid jet nechanism 90 ejects the cleaned fluid

C td0aandgkar 2craeat bhe ftlowiadasunf acd tQsierttid 26 by the

filter accommobdati on chanber 71. The followng is a

descripepen ebnvkheoopérat i Gineofc2@ antima tfd tfdruidevi cien the

10A. The contaminated fluid Dto be filtered is fed _

i nt ofEhéeri Frak bafk BAdYlrus Lartge e g9 léent giqssumasdation

the cont am nated fl ui D settle in the filter tank

body €83#8¢&nd latBrLEApER S0 FOMBREIE P e Xit s et orf he

26 by the .scraper..conv r. 14. .The cont.am nated fl ui

i nePhEany REEBR FARR ooty 170 T e L o e i (o OF the

aCCO?@?Q%&'&@um 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 1lla of the filter tank 11.
These chips, along with relatively large chips K
deposited on the bottom portion 1lla, 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 the flank

of the filter tank body 70 with the partition plate 72
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chanber 71 through the conmunication hole 73. The
contam nated fluid Dflows into an interior 31 of the
10 filter drum 13 fromthe outer peripheral side of
the filter drum 13. The cleaned fluid Cthat is
decontam nated by the filter drum 13 flows into a
clean tank 12 through an openi g at an end portion of
the filter drum 13. 15 Small chips that adhere to the
outer peripheral surface of the filter drum 13 are

ScraBgQHQEB ?ée%he Fﬁ%r%gﬁ%eql%%%nnﬁgh%%i%gg%%fﬁ%ér¥% the

filter drdam rotates. e scraped-of f chips nove

al ong;t @rbgte&eﬁagoa%fieﬁegﬁ%ﬂlb%fr ghe thiatt &8s situated off

acconmodat i on chanber 71 20 toward the bottom portion

I1a ehet BerbpktetohaBkolliq These chimst JOnNthWd hbontained
relatively large chips K deposited on the bottom

portiianthkacoatemdhachar gediiby D tshe t9er dpert ROMMAENAr tank

14. The filter drum 13 of the present enbodinent is

25 coptal M€d ithet heofinktt ef adtd@Eyodattiadmechanberherl.

The filter accommpdation chamber 71 is formed on the

f 1 ankongfmihetedl fénidaRk tvodyre7 @ idittelr talwe quaradat igm

plate 72 21 between _them The filter drum13 is _

cont &PABESTN 'ehés FrIeéd vaddommadat-i o hErafisere 7t hithatilter

is situated off the scraper conveyor 14. Since nobst .

of CRIPE ¢onfarnéyd©ifn PEAS % SiPaRSHated & 1P D Eertlidy of

inthe. filter, tank 5 dy .7Q, the, anount of cq} S .

cont ATAEA - nERET EontAm ALSE T FHCE B A hé 199 Fafo1d

aCCO%%RQ%EEQ%g 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



chanber 71 is relatively small. Therefore, the filter
drum 13 can avoi d being exposed to a |arge quantity of
chips. Further, the filter drum 13 can al so avoid 10
contacting wwth |arge chips. Thus, the filter drum 13
can maintain satisfactory filtering performance.
According to the present enbodi nent, noreover, the
cleaned fluid C can be ejectedggo the regi on near the
fluid surface Qin the filter accommbpdati on chanber 71
15 bé tge quig get mechani sm 90. Accordi ngly, |unps
of BfubgLt8anbaMSr B¢EnLEd AHEGRISE Ag FErfed Sedt Hhene
fluid surface Q .so_that the filter accommbdati on
chan%%?gé *cah Eek£69%8§céﬁP§Winated. Thus, the
filter drum 13 can maintain further satisfactory 20
filtering performance. Industrial Applicability In
carrying out this invention, it is to be understood
that the components of this invention, including the
speci fic shapes of the filter drumand 25 circul ation
holes as well as the filter tank, may be enbodied in
variously nodified forns without departing fromthe
spirit of the invention. Further., a plurality 22 of
filter drunms may be arranged in parallel with one
another in the filter tank. 23 CL Al MS 1 A
filter device characterized by conprising:
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afilter tank (11) stored with a contamnated fluid
whi ch contains chips; 5 a filter drum (13) rotatably
di sposed in the filter tank (11) and i mMmersed in the
contam nated fluid; and a drive nmechani sm (49) which
rotates the filter drum (13) around an axis (X) of
the filter drum (13), 10 the fbgter drum (13)
including a filter elenent (41)"Which is produced by
form ng a porous plate (40) having a |arge number of

circul ation holes (50) thereln :% a cylindrica
A A 50d)

shape, such that an inlet po of each said

circulation hol ¢;430) a@ghS! RraY gg%gaz%g RS IRREAs 1 ng:

surface (40a) the porous plate

outl et pogt S (iR )aR tpael ALk Bheral
surface (%Ogéﬁg?}tﬁg%gorggs %tégg%(igﬁh Phgoftaninated

circglatdonnheheson®8inef chhgsporous plate (40) being
fornmed by etching and having a shape such 20 that a
smal | est apénilngr(8tum §180r med aitabd yCrddsposeet iion tofe
the porous plate (40) in a thickness direction

t herebitep thnk ahnlopenidngmmedskd her ¢bf icontaminaed
between the inlet port (50a) and an internedi ate part
wi t hf+especertlo the plate thickness 25 dlrectlon t hat
the opening width gradually increases fromth

smal | est BpERING (5L arondr d ‘the "Bdtle Paértes G@@bﬁlltef

gﬂ?légg%o ?g 58%?5% g%dgglgs Q?Xb atfaq%e%4drum (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 a cross
section of the porous plate (40) in a thickness
direction thereof so that an opening width thereof is
minimum between tﬁe inlet port (50a) and an
intermediate part with respect to the plate thickness
direction, that the opening width gradually increases
from the smallest opening (51) toward the outlet port

(50b), and that the opening width is maximum at the
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2. Afilter device according to claiml, :
characterized in that the inlet port (50a) is forned
with the snmall est opening (51) and the outlet port 5
(50b) is formed with a |argest opening (52). 3. A
filter device according to claiml1, characterized in
that the circulation holes (50)22re circular, and the
i nside dianmeter of the snallest“ opening (51) is
greater than the thickness of the 10 porous plate
(40)., 4. Afilter ice according to claim1,
charggFé?Fzgar%n(?ﬂgy'the filter drum (13) is forned
into a cyl,i ndri cal, shape, .a _scraper,.bl ade (60). i

| ocat ed agfacéh?lggegn%gaféfa6%%|%ﬁ%ﬁ%ﬂ §hf§§%%n§%’the
15 TEhLende rinz%m andca fistial) /nd (61) of ot
scraper glage 60)nextend§%ﬁnl?ﬁ§ d??ggtﬁg%% fqghgbrmed

axi sy Xh ehe the1fikktebpdnUMy( 13)1)SQRS the RRiditt port
contact with or in close vicinity to the outer

peri pbepal isurbagedolithea fliddgstdgpanihd). (20 5. A
filter device according to claiml1l, characterized by
further cOnprfsifidtem edeivti cecdanrdi(Zf)tsidluatedl,in a
posi tion higher than a fluid surface (Q of the

cont ahenacédrfikaddinnthhe friblet evincariletiblh) hcdmsds a(50) are
scraper conveyor (14) for scraping out chips 25

set t FedC8h2a - betofhBorfiSanie Idigmedfen o fhine emaldmet
(11) toward t exit section (26), and in that the

scr aB@F”&Bﬁvégg? EE4PTPACEEdED 3 (et pGiicsT Ciadhe

porous plate (40).

4. A filter device according to claim 1,
characterized in that the filter drum (13) is formed
into a cylindrical shape, a scraper blade (60) is
located adjacent to an outer peripheral surface of the
filter drum (13), and a distal end (61) of the scraper
blade (60) extends in 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).

5. 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
settled on a bottom portion (l1la) of the filter tank
(11) toward the exit section (26), and in that the

scraper conveyor (14) includes a lower portion (1l4a)
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whi ch noves al ong the bottom portion (Ila) of the
filter tank (11) toward the exit section (26) and an
upper portion (14b) which passes over the | ower
portion (14a) and returns to a starting end of the

|l ower 5 portion (14a) and that the filter drum (13) is
arranged horizontally between 5?6 | ower portion (1l4a)
and the wupper portion (14b) of "the scraper conveyor
(14). 6. Afilter device according to claim 1,

10
(26) P61 Ehaf e P e Rbe bR PoeRana #idig o o

Surf@??tegclagﬁ RB? CQB&Q?U”%E%de& %lgefol Ee E%lt%nd an

tank (11) a scraper conveyor r scrapln

out gphHps §§Eibﬁd (2BpA QQEEQ”bB%%Ebogvgl|%%e°ﬁo%%§ portlon
filter tanﬁ tomard the exit section (26), and

t hat (tLhe) 15naCEa§ﬁEnéoﬂbe¥0Est(al*%)xnlgn@ndd% &hleow;ekﬂer
portion (14a) whi ch noves al ong the bottom portion

(1l apootibhe(lfabt endt ahkt( the ttawaed dherexil3)sdet ia@ranged
(26) and an upper portion (14b) which passes over the

| onehoporonballylhafward teeulnwetroparstiant i(igaendnof the
the | ower 20 Eortlon (14a), the filter tank (11) is

pr ovHERETWPPRT&ODT (LB Pén%h@oéyrépﬁy wWeingigyor (14).
accommodates th raper conveyor ((14) and a filter
acconmodabi-on cﬁéjrﬁ&r ?i’)lcevvl‘ﬁcéjr? i N da &daditie by

si de he filt ank bo 70) .beside t
scraﬁe?régngeﬁé?d(%ﬁ)% And S hé F&rﬁeﬁn§5a@r§%l 13FGtgon
loca%@@ 'QlEBgzghl ﬁr ag%@ﬁ%%%%thqghe%h%%%%T ( akl%osﬁrface

that the axis ext en I"ong a” “novi ng di Fect
the 365 aper +6eN%eYetmit4ked fluid in the filter tank (11)

and a scraper conveyor (14) for scraping out chips
settled on a bottom portion (lla) of the filter tank
(11) toward the exit section (26), and in that the
scraper conveyor (14) includes a lower portion (1l4a)
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 (1l4a), the filter tank (11) is provided with a
filter tank body (70) which accommodates the scraper
conveyor (1l4) 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) 1is located in the filter accommodation
chamber (71) so that the axis (X) extends along a

moving direction of the scraper conveyor (14).
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26 7. Afilter device according to claim6®,
characterized in that the filter drum (13) is forned
into a cylindrical shape, a scraper blade (81) is

| ocat ed near an outer peripheral surface of the filter
5 drum (13), and a distal end of the scraper bl ade
(81) extends in the direction %é the axis (X) of the
filter drum (13) so as to be ih"contact with or in

cl ose vicinity to the outer peripheral surface of the

filter é g% g Lter %EVIC ordng to
claimé, Cha eFefe eB§cgoﬁﬁFP§i Mg %a Plﬁi d et
nECh@Hé?Q&&@Q% e&hiﬁhtﬁhQCE? afﬁh%é? E?WﬁrQ1% is formed
cont am naft ed | ter acconmmbdafti &

Chanpﬁfo(zléylgndéﬁéhht§ﬁa5@v'Seségﬁgég'BgaB% qlahm; g,
15 characterized by conprising a fluid jet nechanism

(90) 100kt 6l ebget snaohtuidptewphdralfl kuirdaser bacenef falter
contam nated fluid over the scraper blade (81).
drum (13), and a distal end of the scraper blade (81)
extends in 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).

8. A filter device according to claim 6,
characterized by comprising a fluid jet mechanism (90)
which ejects a fluid toward a contaminated fluid in the
filter accommodation chamber (71).

9. A filter device according to claim 7,
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).



