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1DESCRI PT1 ONCYCLONE- TYPE SEPARATOR FOR
SEPARATI NG FOREI GN  MATTERS BY UTI LI ZI NG A CEW@"‘W""
FORCE 5 Technical Field The present inventioni "M
to a cyclone-type separator that utilizes a 159150%
centrifugal force to separate solid matter from

liquid coolants such as cutting fluid 10 and grinding

fluid for use in nmachine tools. Mre particularlﬂWWNMﬁmmmww
invention relates to a structure that prevents

cool ants from bubbling after foreign matter has beéff
renmoved fromthem Backgfio®ind RrI B5TIH ©hE process of
cutting nmetal work pieces, a water-soluble liquid

cool ant conposed mainly of nuch water is used to

i ncr ease QYWELANH-€tYBfe SHFPARRTARGIGR IEPARKTNENE ORI GN

preci si oMAFTERRA tAhJ Tadd 2ING ulEN T FISGAT aBARCEA

wat er -sol ubl e Iiquid coolant of this type is 20 used

over again. Hence, solid matter such as chips and

metal particles should b§ﬁ%§%0kl lrgﬂggﬁd fromthe

liquid coolant. Known hit s for renoving

such matt ety é%:ease(}Ytdﬂ'Rleer&ylpoqq SEPALAL O T% c(:K/clone type

cycl one-type separ at or conprises a nal

'U'e%E%%&%t%ﬁ‘%hé% dﬁf%yiégxgncéﬁﬁkfquﬁﬂﬁggItsLﬁg separate

pi pe he mai n body has di scharge port
end. thleﬂb@k@&oﬁ&omﬂﬂﬂQJﬂHrdHBﬂBﬁ%é’éﬂéﬁ)éé'éﬂﬂﬂ&ng fluid

cool ant containing solid
and grinding fluid for use in machine tools. More
particularly, the invention relates to a structure that
prevents liquid coolants from bubbling after foreign
matter has been removed from them.
Background Art

In the process of cutting metal work pieces, a
water-soluble liquid coolant composed mainly of much
water is used to increase the lifetime of the tools, to
enhance the precision of cutting and to remove chips
fast. A water-soluble liquid coolant of this type is
used over again. Hence, solid matter such as chips and
metal particles should be quickly removed from the
liqguid coolant.

Known hitherto as a means for removing such matter
is a cyclone-type separator. The cyclone-type
separator comprises a main body, an inlet-port unit, a
clean room, and a communication pipe. The main body
has a discharge port in its lower end. The inlet-port

unit introduces a dirty liquid coolant containing solid
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2 matter, into the main body. The clean roomis

provided in the upper end of the main body. The

comuni cation pipe guides the liquid coolant cleaned

in the main body, into the clean room 5 The nain

body is a conical hollow body whose dianeter _
gradual | y decreases toward the di scharge port. The
inlet-port unit is provided in the upper end of the

mai n body and injects the dirty liquid coolant into

the main body. The dirty liquid coolant falls along

t he T@tteder WS dde Fraithdaki.n oy cliapn Heodbrig gfrovided
an eddy stream The eddy stream of coolant, thus .
generdt &S WPPSTe SR PR TEriSVIRRSY -a dd iGamgdiication
force.. The .centrifugal force separates the foreign |

et { BAPEr GIERS  Hhog i O R AN T S0 G it G2 i

sepa d fall al gng .the inner surface of the nain
body£§ﬁ ’iégt& charged f r&Mthe mai n body through the

di schar ge ort ... T V. St 0 Qf, t cQpl

falling aITg%gH{ len 'E%r?ﬁggssaar fcg%{ey%flt glﬁaqfr?qggdy“fhose

star b8 ahk@Wirng rupands, @@ Redkd hewdirsChH08IiRHarge port.
That is, an upward eddy stream devel ops on the

cent ghki nalef -pbe tmana tbady prov@dedd i @R R@pper end of the
di scharge port toward the clean room The upward eddy

st remainntbdgeanad debjemmar taier diayer 1iand da cedodamt into the
cool ant layer. The columar air |ayer 25 passes

t hr oughnt hedyemifhiec dtiiroy Pilgeidr eachiang tflad 1scladamg the
room The clean cool ant |ayer rises along the

ci r cuhneéreftiriRrcsuptatbeomatihe bodlyurmiar taier floayerof an eddy

stream. The eddy stream of coolant, thus generated in
the main body, provides a centrifugal force. The
centrifugal force separates the foreign matter from the
liquid coolant.. The foreign matter separated fall
along the inner surface of the main body and is
discharged from the main body through the discharge
port.

The eddy stream of the coolant, falling along the
inner surface of the main body, starts flowing upwards
near the discharge port. That is, an upward eddy
stream develops on the centerline of the main body,
moving from the discharge port toward the clean room.
The upward eddy stream includes a columnar air layer
and a clean coolant layer. The columnar air layer
passes through the communicatioh pipe, reaching the
clean room. The clean coolant layer rises along the

circumferential surface of the columnar air layer.
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e liquid coolant cleaned in the main body is

ed into the clean room along wth the upward eddy
am and thence into a coolant tank.' In the
entional cyclone-type separator, the 5 columar

| ayer and the cool ant |ayer surrounding this air
r nove upwards along the centerline of the main

, Without mixing with each oBher. They nove

ugh the comuni cati on pipe, reaching the clean

room 10 In the conventional cyclone-type separator,

an

out | etTheriigetdtecdlant t heeaimemsineahe endionfbolig is

conmruni cati on pi pe opens directly to the clean room

| nev
W th
15 ¢

iFRSISA 1HeC dite | @yRAN afrPthea koot antth aes wipward eddy
ach other, That is, air mngles into the.- liquid

SHEGR™M GO iRiT yinthe IGRARN e oAt vi ol ent | y

bubbl in t I ' t t of
oam The 11 6% GHCTE LR EboT B SHVES. TRRRTF bR the

foam The

cool

over
over

cool e e 441 0 I LK T SRR AR | Eerounaing

fhaw the Cl%%JéJ}:ntmovtéa wa-l;:(lzlspra“a:l.\a/l edgl{bg %%net?rline of the

fl ow ng, de-foam ng adent 1s iquid

cool aatint Ridhas/iReRMC B3Nl WAt e8Yife dedi ‘313{5}5:1 move
to de-foamng is provided out'side the 25 main body.

As geheioalghy thizowbmrieeseasion e oide- freardmih Aeel clcan

a factor that degrades the cooling efficiency of the

room.

In the conventional cyclone-type separator, an
outlet port located at the downstream end of the
communication pipe opens directly to the clean room.
Inevitably, the air layer and the coolant layer mix
with each other. That is, air mingles into the liquid
coolant.

Consequently, the liquid coolant violently bubbles
in the clean room, forming a great amount of foam. The
foam enters the coolant tank as the liquid coolant
flows into the tank. The coolant tank is inevitably
filled with the foam, which may overflow the coolant
tank.

To prevent the overflowing, de-foaming agent is
added to the liquid coolant that has been cleaned, or a
device dedicated to de-foaming is provided outside the
main body.

As generally known, however, the de-foaming agent

is a factor that degrades the cooling efficiency of the
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4 liquid coolant. A repeated use of the |iquid cool ant
containing the de-foam ng agent may | ead to poor

cutting results or may shorten the lifetinme of the
tools. 5 1f a device for de-foamng the coolant is

used, the systemthat reuses the liquid coolant wll

be a large-scale one, requiring a high operating cost
and a large installation space. 4D scl osure of

I nvention 10 An object of this invention is to provide

a cyclone-type separator for separating foreign

mat t eriqfidomdolpntd, im mdpedtaederde quf deled ehimpdidacoolant
be prevented from bubbling, w thout using de-foam ng
agentcondra i iguey j e it el g R IRN Y gea nkgad S-dgpoor
achi eve the object, a cyclone-type separator for
separcé%tltnlgj‘%d-’lefsdﬂfto’? Agimaatthat emihe guifetime of the
accordl to one aspect of the present invention,
conpric$es- a hoIIom;cyIindricaI mai n body whi ch has a

di schar ge alo port, which 2
|ntroduge§%? 4%%ﬁﬁe ﬁg%()§rﬁfﬁﬂﬁ?9b c?%&%?%gl?h%sed
Ilqu%% J% #. E*%EJEHJ‘ Qgﬁlégﬁﬁléégiéht %&%l be a
cont ai Ni n orelgn mat ean room

i's pnevigdedddle P %lﬁ'lqr@ 4 he JRidpodyin@h & and a

conmuni cati on pI pe V\:hl C connects the clean roomto
an i nkekieo neft dine tdnmaigadeody. In the cycl one-type

separator, the foreign nmatter contained in the liquid
IS separated by virturisflasure of Invention

An object of this invention is to provide a
cyclone-type separator for separating foreign matter
from liquid, in which the liquid cleaned can be
prevented from bubbling, without using de-foaming agent
or a device dedicated to de-foaming.

To achieve the object, a cyclone-type separator
for separating solid foreign matter from liquid,
according to one aspect of the present invention, -
comprises: a hollow cylindrical main body which has a
discharge port in a lower end; an inlet port which
introduces the liquid into the main body, causing the
liquid to swirl in the main body, the liguid containing
solid foreign matter; a clean room which is provided in
an upper end of the main body; and a communication pipe
which connects the clean room to an interior of the
main body.

In the cyclone-type separator, the foreign matter

contained in the liquid is separated by virtue of a
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5 centrifugal force as the liquid swirls in the main
body, and the foreign matter thus separated is nmade to
fall along an inner surface of the main body and is

di scharged through the discharge port. A columar air
5 layer is generated, which is aligned with a
centerline of an eddy stream generated due to the

swirling of the liquid and which flows fromthe
di scharge port to the clean roomthrough the
comuni cation pipe. Aclean liquid |layer is forned,

t oo, aditohifugdY ekowde tdre e flokamiigh swmittles andhvdindin
rises along a circunferential surface of the col umar
ai r |8, anfe tedrtsign dndstedigubmrprp fatord the made to

cl ean. room after having been guided into the clean
room FAE @N UMST ettiEACS 1T ddee wFin Redy rand is

L A S Y S o B s ais
pi pe ;i rar, 1N the cl.ean room.and connected t .
t he léa r?rrrirﬁsg %%nﬂa&epcg. ‘“ﬁ‘nlcadcﬁstiao l,gqeh rwelnc 3 centerline

Phe. Semn? sso S5 EaF A | BRE Sh fHT g, of cne
conf iidufad A SHLAEh AR aidy dhe diQd Jd YUY 6 the

the separating pipe, a second reservoir configured to
st or elieapatoan lohddigyh 1HEUidbninl Wi dag: ifgropitde fiy dlean

reservoir, and a liquid outlet port which opens bel ow

a sudfigee d dwglerofis Her2ed,i quicd sthdredd iisn firke secantd

reservoir. Wth this configuration, the liquid cl eaned

i n t Beredwinn Mesdye If laowss viriorn trties esormhomio at icdr qpinferential

Intosh@%ace of the columnar air layer. The clean liquid is
discharged from the clean room after having been guided
into the clean room along the circumferential surface
of the air layer.

In the cyclone-type separator according to the
aspect of this invention, a porous separating pipe is
arranged in the clean room and connected to the
communication pipe. 1In addition, there are provided a
first reservoir provided on a bottom of the clean room,
surrounding the separating pipe and configured to store
temporarily the liquid flowing the separating pipe, a
second reservoir confiqured to store temporarily the
liquid flowing from the first reservoir, and a liquid
outlet port which opens below a surface level of the
liquid stored in the second reservoir.

With this configuration, the liquid cleaned in the

main body flows from the communication pipe into the
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6 separating pipe. The clean liquid rises along the
circunferential surface of the columar air |ayer

When the liquid reaches the separating pipe, it flows
into the first reservoir and is stored in the first 5
reservoir. In other words, the first reservoir filled
with the liquid is formed, surrounding the separating
pi pe. Hence, only the liquid that has flowed into the
separating pipe can be extracted. The clean liquid
flows fromthe first reservoir 10 into the second

r esersaparanichg scimaportire | ylesdorethuidiereses Theng the
liquid is discharged fromthe second reservoir, and

ul ti retrdynferamtivl ot eaincoor tthroughlutier | a4ui bayer.
outl et port. The coolant outlet port is |ocated bel ow
the dhemdds MU THRENe Ui e steprapimaPipe, it flows

second reservoir. Hence, the liquid never mxes wth

air imHhe& srfootiﬁseﬁqwﬁ qimca 1% 39Temdin the first
revented fromb bI Brle ription of Draw ng
EIG.pfsgf Y2 de 4%%“@%? et %P%EWOlr Filled

recycliq 1 Sysid er‘ﬂfc{%gﬁgaftc!ﬂr%c? féJrSJ.IOL?r@P ci mannt soen%)aratlng

this |nvent|on renoves foreig

| quigd peCoolR 50 dar dhe lclqgjl‘%pt H%’ }}f’aﬁ‘s r@f’c?’v?cgd into the

FIG 2 |s a secti'onal “vi ew of cyc one-type
sepakaiplr A6 Fie: @it e fdfstaardpdi nent of the 25

present invention; FIG 3 is a sectional view taken

al ong | i neahfe3- d'{}aarsfﬂQMqUJJdT Hldws ZXrom the first reservoir
into the second reservoir and is temporarily stored
therein. The liquid is discharged from the second
reservoir, and ultimately from the clean room through
the liquid outlet port. The coolant outlet port is
located below the surface level of the liquid stored in
the second reservoir. Hence, the liquid never mixes
with air in the clean room. The liquid is reliably
prevented from bubbling.

Brief Description of Drawings

FIG. 1 is a side view schematically showing a
recycle system incorporating a first embodiment of this
invention, which removes foreign matter from liquid
coolant so that the coolant may be reused;

FIG. 2 is a sectional view of a cyclone-type
separator according to the first embodiment of the
present invention;

FIG. 3 1s a sectional view, taken along line F3-F3

shown in FIG. 2;
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7 FIG 4 is a sectional view of an eddy stream
generated in the main body of the first enbodi nent of
the invention; and FIG 5 is a sectional view of a
cycl one-type 5 separator according to a second

enbodi nent of the present invention. Best Mde for
Carrying Qut the Invention A first enbodinent of this
invention will be described, with reference to FIGS.
1to4 10 FIG 1 outlines a recycle systemin which
foreign matter is renmoved fromliquid and is thereby
rendered HEIGbed ri—msabd;@ctjﬁwnﬂ(avrpé\e of dmecdidygusitdrésm
wat er- soluble liquid coolant that is to be supplied a
machigf@enagid Lrsudte s in poldwsmhgheachimet efsodiment of
l'iquid cool ant 15 di scharged fromthe machine tool 1
cont&qﬁs¥nﬂ%ﬂﬁﬁ?nwnﬁm%r such as chips and neta

articles oreign matter in the |Ijquid coolant
ﬁay be mf iiﬁﬁrI§ﬁ§§9%ﬂﬁﬁ1%&?Wr%#%b FerOng ype

this the u ant_is i de
rragnetl% AT zﬁ%dr %ﬂwé—‘ Tagih é'i ec%glf'hetrg:r o?
renn ﬁf q;lqlpartlcles fron1the liquid
cool t er passi ng through the nagnetic separator

2, the I quisd seopbaat fEEO&%rrgﬁﬂ%{t B%tf khet TheRRYBn

chanber 3a of a cool ant tank ['iquid coolant is

punped 25 AU ifrsamdmi diinfesit s amses Ghamialicia Wil be
means of a first punp 4 and supplied through an inl et

pi pedstaibedsy sliame roffpresearat @1dd.f ar tzeparating

foreign FIG. 1 outlines a recycle system in which foreign
matter is removed from liquid and is thereby rendered
to be reusable. An example of the liquid is water-
soluble liquid coolant that is to be supplied a machine
tool 1 such as a polishing machine. The liquid coolant
discharged from the machine tool 1 contains foreign
matter such as chips and metal particles.

The foreign matter in the liquid coolant may be
magnetic particles such as iron powder. In this case,
the liquid coolant is first guided into a magnetic
separator 2. The magnetic séparator 2 removes the
magnetic particles from the liquid coolant.

After passing through the magnetic separator 2,
the liquid coolant flows into the first reserve chamber
3a of a coolant tank 3. The liquid coolant is pumped
up from the first reserve chamber 3a by means of a

first pump 4 and supplied through an inlet pipe 5 to a

cyclone-type separator 6 for separating foreign
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8 matters. The cycl one-type separator 6 separates, by
virtue of a centrifugal force, the fine particles of
foreign matter that the magnetic separator 2 coul d not
renoved. The separator 6 is provided on the coolant 5
tank 3. The foreign matter that the cycl one-type
separator 6 has separated is discharged as sludge into

a collection tank 7. The liquid &ool ant thus cl eaned

in the cyclone- type separator 6 is fed back into a
second reserve 10 chanber 3b of the coolant tank 3

t hr ougfht a@r dut | Blte ptpeloBe-Tvipe cbeparstoui 8 sephaatess by
punped, up fromthe second reserve chanber 3b by neans

of a Eechoitl phinp @enahifpgakuppried tlyai filne papticles of

oo R e lh s AR oBhE doondregte conia not
tt h | umi num or copper. In thi case, the
TG e TG 500t e RRE PhoF4, ceoiant
di iNto i C ot, sho 0 e
cool it e 3 e A TG A bS oY e evee

suppldessh £ tde, A rdy, chanher; £ odfé"@nf%&éc?n%s' T%Pf%%e into

separator 6. The cycl one-type separat or use

recyed eosysdieBivMddnibe; described in detail. As FIG 2
depicts, the cyclone-type separator 6 conprises a

hol I ow maiThe5l ielyd 280 TTdver N ils DOTWardd ha$ Bhe cyclone-
cylindrical part 21 and a conical part 22. The

cyl i noecalemarat Xl 4 sid hieed Uppet pard Dfsddendddserve

body 20. The conical part 22 is
chamber 3b of the coolant tank 3 through an outlet pipe
8. The clean liquid coolant is pumped.up from the
second reserve chamber 3b by means of a second pump 9
and is supplied again to the machine tool 1 through a
supply pipe 10.

The liquid coolant may contain non-magnetic
foreign matter such as aluminum or copper. In this
case, the liquid coolant is guided from the machine
tool 1, directly into a dirty chamber (not shown) of
the coolant tank 3. Then, the liquid coolant is
supplied from the dirty chamber to the cyclone-type
separator 6.

The cyclone-type separator 6 used in the recycle
system will be described in detail. As FIG. 2 depicts,
the cyclone-type separator 6 comprises a hollow main
body 20. The main body 20 has a cylindrical part 21

and a conical part 22. The cylindrical part 21 is the

upper part of the main body 20. The conical part 22 is



9 coaxial wth the cylindrical part 21. The conica
part 22 has its dianmeter gradually decreasing toward
the Ilower end of the main body 20. Therefore, the
interior of the main body 20 is an eddy-generating
chanber 23 5 that gradually narrows toward the | ower
end. The conical part 22 has a discharge port 24 in
its lower end. The discharge poPt 24 opens to the
eddy- generating chanber 23 and is | ocated right above
the collection tank 7. 10 The cylindrical part 21 has
an i feaxpoktvDe) the onlierdrheal part p2pe SThe conical part
connected. The inlet port 25 opens to the upper-end

part of R ey ol | pepd efeoReantNYroperrd the
The. 1148 ©5bl St gl B oM 120t nel ol SECRf et prterior
chanSer 35 T th PG Gl 14 Targah T (herng ehbber 23

20 1 hert e PR AL e RS S Rodel R LB

26 haor GASard0 DOhaLTa & Hatdam %(?lltte gégilll.l?nfltg lower

top plate 29. The case body 27 1s a hollow cyli nder.

The keid.ommaatd sthardosasrd ey |y s enyl ©fe tdieggase
body 27. The top plate 29 closes the upper end of the
case deodyr 24 rancthaare He Y emyes Meatcaser gty &ove the
bottom plate 28 and 25 top plate 29 define a cl ean

r oomc®Q,laattionhiactk the clean liquid coolant is

i ntroduced. The bottomplate 28 is provided between

10 the cylindHec#@ylpardrizalampathe?l has an inlet port 25, to

15

20

25

which the inlet pipe 5 is connected. The inlet port 25
opens to the upper-end part of the eddy-generating
chamber 23 and projécts in a direction tangent to the
cylindrical part 21. The liquid coolant guided from
the inlet pipe 5 to the inlet port 25 spouts into the
eddy-generating chamber 23 in the direction tangent to
the cylindrical part 21.

To the upper end of the main body 20 there is
secured a clean case 26. The clean case 26 has a case
body 27, a bottom plate 28, and a top plate 29. The
case body 27 is a hollow cylinder. The bottom plate 28
closes the lower end of the case body 27. The top
plate 29 closes the upper end of the case body 27 and
can be removed. The case body 27, bottom plate 28 and
top plate 29 define a clean room 30, into which the
clean liquid coolant is introduced. The bottom plate

28 is provided between the cylindrical part 21 and the



10 case body 27 and functions as partition between the
eddy-generati ng chanber 23 and the clean room 30. A
comuni cation pipe 31 is secured to a center part of
the bottom plate 28 and extends downwards. The 5
comuni cation pipe 31 aligns with the centerline 01 of
the main body 20 and penetrates the bottom plate 28.

The conmuni cati on pi pe 31 connect& the top of the

eddy- generating chanber 23 and the clean room 30. As
FIGS. 2 and 3 show, the clean room 30 contains 10 a

por oA e P0dY i 19 Phpef33ct Thes sepapatt gl pn peeBdeen the
ext ends between the upper end of the comruni cation

pi pe eFY RN PR iR PhameepRAnendl tlypsciwan them 30.
centerline. 01 of the main body 20, The separating

pi pe 33 i s aCORBINHAR EYPR nBEPef 3 nbd BYCREDE ]| AgCenter

for exanple 1 unchi ng met nmenber and has a

norb S €5 e R BEAGR G5 AN et SugioHrRRds . The
33a ; e of, th cl eaned |iquid cool ant.

Thei ?AJ | arrrgltq%a?é?%r? I%lop?e eje%(a TS 1"730%%% Tt 01 of
wal | : ' I ' r

vell 3% shanehdake ol Lk evladeren 20,5 A, o 26.
bot t aRefedriurtd @AM drPMR0- 3 Theo i 44 4 1195 Wal o§5t¢]é eddy-
coaxial with the separating pipe 33 and surrounds the
sepaiaindig: fiife Famdet veemddecpardiddon-yghl3@5 and

the separating pipe 33, a first reservoir 36 is 25

provi ded tAs SETG®. tZ2rped a3 i dlyow hetlod ecledn qrbéhn COO! @Mbtains
com ng through the through holes 33a of the separating

10 pi pea3®ormhes fiamrateger \wipe 3B 1 s Posidemnedt iatg tgipe 33
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extends between the upper end of the communication pipe
31 and the top plate 29 and aligns with the centerline
01 of the main body 20. The separating pipe 33 is a
hollow cylinder formed by processing, for example, a
punching metal member and has a number of tiny through
holes 33a. The through holes 33a allow passage of the
cleaned liquid coolant. Their diameter is, for
example, 1.0 mm.

A partition wall 35 shaped like a hollow cylinder
stands on the upper surface of the bottom plate 28 that
is the bottom of the clean room 30. The partition wall
35 is coaxial with the separating pipe 33 and surrounds
the separating pipe 33. Between the partition wall 35
and the separating pipe 33, a first reservoir 36 is
provided to store temporarily the clean liquid coolant
coming through the through holes 33a of the separating

pipe 33. The first reservoir 36 is positioned at the
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11 bottom of the clean room 30. Hence, the |ower half

of the separating pipe 33 is immersed in the liquid

cool ant. The partition wall 35 defines a second

reservoir 5 37, jointly with the inner surface of the

case body 27. The second reservoir 37 is provided to

store tenporarily the clean coolant that overfl ows

the partition wall 35. The secohl reservoir 37 is

coaxial wth the first reservoir 36 and surrounds the
sanme. 10 The clean room 30 has an air-accunul ati ng
spaceoBEM The B¢ - akedutradhndOspakbenas, | the dawehehalf of
first and second reservojrs 36 and 37. The cool ant in

the §¥H9 sterasdriny roBeei3d3 ekpokBaersedt snstreatequid

| evel L;% to the air-accunulating space 38. So is the

cool &ft°1#'45 the second reservoir 37 at its surface

| h hal f t
| Fos irL12 e “%’P%%%hﬁw%ﬁ%ﬁ&i@@%@%g Es@aanresermr
9
F?;ﬁld c aﬁént Q- TNt Iﬁme§g€€§¥% %ﬁ%gpF%% %%se body 27.
di schafgedahen 204 sepayatd nggr@x'rP@e&?’té Ss%ﬁgged

The escape hole 39 has a nuch larger opening than the

t hr oughngudasi B3ahe ASI &lOWbLdTait Gh2s dHer £858s body

27 has a coolant outlet port 41..The coolant outl et
port pklrtopeinm twall B35 secthyl ses@iVotdsSrvend 33 is coaxial

positioned. below the 25 surface level L2 of the
| i quiwd tdodirentfiimstt hee seconide 3@ seErd osur Bdunddet loelt $abe .
pipe 8 is connected to the cool ant
The clean room 30 has an air-accumulating space
38. The air-accumulating space 38 lies on the first
and second reservoirs 36 and 37. The coolant in the
first reservoir 36 is exposed at its surface level L1
to the air-accumulating space 38. So is the coolant in
the second reservoir 37 at its surface level L2.
The upper half of the separating pipe 33 lies in
the air-accumulating space 38 and has an escape hole
39. Through the escape hole 39, the liquid coolant
flown into the separating pipe 33 is discharged when
the separating pipe 33 is clogged. The escape hole 39
has a much larger opening than the through holes 33a.
As shown in FIG. 2, the case body 27 has a coolant
outlet port 41. The coolant outlet port 41 opens to
the second reservoir 37 and is positioned below the
surface level L2 of the liquid coolant in the second

reservoir 37.

The outlet pipe 8 is connected to the coolant



12 outlet port 41. The outlet pipe 8 extends fromthe
coolant outlet port 41 toward the second reserve

chanber 3b of the coolant tank 3. Thus, the liquid

cool ant flows down fromthe second reservoir 37 into 5
the second reserve chanber 3b of the coolant tank 3
through the outlet pipe B. Athrottle 42 is forned in
the upper end of the outlet pipge 8. The throttle 42
controls the flow of the liquid coolant fromthe
second reservoir 37 to the 10 coolant tank 3. In other
wor dyuttlhet tgwmt t4le. 4Thadwslest thipd | Dvextadredoffidre the
liquid coolant flowing fromthe coolant outlet port

41, Wadlmtteloutegthteant gl tdheaslrfhesdeved 19s@fve
the liquid coolant in the second reservoir 37 at a
pr ederRsteBpaxf thilvh.coslaptstandsul +, Thes surifackiquid
| evel L o&135? | i quid cool ant renmains above the

cool &° DOF W GHPR H & \RE G 155 SEPlar at brinto
6 th configured the liquid ol ant_ that contains

fine [BEr GRS G T GHIRRT b (Hat 1he FRIgHEL | ik 3
separ t remye is introduced through

t he it%lE%[?g%‘o&%%%Ll&%tegzt T éﬂ(;:éd'd_y-gener ating chanber

23. The Tiguil-$00l &) SPOUESrmd Nt e upper end of the

eddy-generating chanber 23 in a direction ‘tangent to

the eyldirdriggle part the thieddiguicd celd1s RS A 4@ of

flows down, swirling along the inner surfaces 25 of
the eyld ndgudal dqaaltand] fadtth Gl GRIcl tredbrw@Sir 37 to the

indicated by a thick spiral shown in FIG 2. An eddy

st r eamoManitatt esid 13.s drouwrttherhevooelst,erdienechrottle 43
adjusts the flow rate of the liquid coolant flowing
from the coolant outlet port 41, ultimately maintaining
the surface level L2 of the liquid coolant in the
second reservoir 37 at a predetermined position. As a
result, the surface level L2 of the liquid coolant
remains above the coolant outlet port 41.

In the cyclone-type separator 6 thus configured,
the liquid coolant that contains fine particles of
foreign matter that the magnetic separator 2 could not
remove 1s introduced through the inlet port 25 into the
eddy-generating chamber 23. The liquid coolant spouts
into the eddy-generating chamber 23 in a direction
tangent to the cylindrical part 21. The liquid coolant
therefore flows down, swirling along the inner surfaces
of the cylindrical part 21 and conical part 22, as
indicated by a thick spiral shown in FIG. 2.

An eddy stream M that swirls around the centerline
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13 01 is therefore generated in the eddy-generating
chanber 23. The eddy stream M generates a centrifuga
force, which separates fine particles of foreign
matter, such as chips, fromthe liquid coolant. The 5
foreign matter thus separated accunul ates on the inner
surface of the conical part 22 and eventually falls,
swirling along the inner surfacef the conical part
22. Finally, the foreign matter is discharged as

sl edge through the discharge port 24, together with a
10 |Gk s arhrumrafofe |dans ok ood| amtthandds-cohe et bag
in the collection tank 7. In the neantine, the eddy
st r e&hRaMIs 145y dOveh eddonyt 1ern i Mrgenatateted ofeh el fugal

conical part 22 turns upwards, receiving an_upward

for cefaq’iﬁfeuhéf”}ﬂi%ﬁ MRAIFL S FHeE dracher e Mtp%‘?lgn
Narel y, .an upward eddy stre m .S nerated

| ndi CRIE Ty SHGhiTe SHITRT . T SR o T eHyo % T m The

fl ow%é%’re%.g/\r}t Fr%@ﬂesfhce}{@se sﬁ?ér%:%é O%Lgmbflg]@ Sclﬁq'ﬁgthe inner

room I nNg around e center (0]

eddy-@gnerad i , _ | - .
Vi egv t hat ﬁh@mﬁ%ml%#ng %eﬁ%%}a‘?efg%d%ﬂpafalls,
st r eamiml iy evidientcHd amndd Guidiaddieotipved déithal part

streammincludes an air layer 44 and a cool ant | ayer

45. TD2e airridayler, 4hd Ao ign e ider tihntd 18sh £ gdd gn
hol | ow 46. The air |ayer 44 25 extends through from

t he dileclyy gaporgh Zheantd gdsssge gdrowyh tteyether with a

comruni cation pipe 31, reaching the separating pipe

33. ¢ tdeolamnturtaye 481uigl medelagft, and is collected in
the collection tank 7.

In the meantime, the eddy stream M falling down
along the inner surface of the conical part 22 turns
upwards, receiving an upward force in the vicinity of
the discharge port 24. Namely, an upward eddy stream m
is generated as indicated by a thin spiral. The upward
eddy stream m flows from the discharge port 24 toward
the clean room 30, swirling around the centerline 01 of
the eddy-generating chamber 23.

" FIG. 4 is a sectional view that schematically
showing the upward eddy stream m. As evident from
FIG. 4, the upward eddy stream m includes an air layer
44 and a coolant layer 45. The air layer 44 forms a
column that has a vacuum hollow 46. The air layer 44
extends through from the discharge port 24 and passes

through the communication pipe 31, reaching the

separating pipe 33. The coolant layer 45 is made of
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14 clean liquid coolant, i.e. the coolant from which
foreign matter has been renoved. The cool ant | ayer 45
surrounds the air layer 44 and forns the outer

peri pheral part of the upward eddy streamm The 5
cool ant layer 45 rises fromthe discharge port 24
toward the separating pipe 33, along the outer
circunferential surface of the di4 |ayer 44. Wen the
upward eddy streammflows into the separating pipe
33, the coolant layer 45, i.e., clean 10 liquid

cool antearpdsisesid ranignt hel téw culyh ¢odlent33araf which
separating pipe 33 and flows into the first reservoir
36. Teiredgnguattedolhert Been e eedl y The opeellant theyer 45
first reservoir 36. Hence, the lower_ half of the

separ ML E s 4iF i Iana S 1] HeO TS | Thfiiqpter
lant in the first ir 36. Only th
| QUEEOEIAL EHIF tt 1 &1t SR Rk (590 i FF I he The
t that_ h fl i nto.the
o parRlae JEITE ke o St | etalie, port 24

o Sl P oy s T e e

cool ant before t

ai I - QA G RN 1$PAGR Y38 Y B4 dggh 1} f hewy ot eppn, room
30. This prevents the coolant from bubbling in the

cl ean roomhzh s tUigvard MdndCedes hnf s Zhtd hehe
liquid 25 coolant stored in the first reservoir 36

over fslepaxattieng padta t3n twed lcc3Barfd dwiysy 48,0 the., clean
second reservoir 37. The liquid coolant is thus

t enpdiapiildy csxodeend ,i passes through the through holes 33a of

the separating pipe 33 and flows into the first
reservolr 36. This liquid coolant is temporarily
stored in the first reservoir 36. Hence, the lower
half of the separating pipe 33 is immersed in the
liguid coolant stored in the first reservoir 36. Only
the liquid coolant can therefore be extracted from the
upward eddy stream m that has flown into the separating
pipe 33.

Thus, the separating pipe 33 can divide the upward
eddy stream m into air and coolant before the stream m
reaches the air-accumulating space 38 provided in the
clean room 30. This.prevents the coolant from bubbling
in the clean room 30.

As the arrow indicates in FIG. 2, the liquid
coolant stored in the first reservoir 36 overflows the
partition wall 35, flowing into the second reservoir

37. The liquid coolant is thus temporarily stored in
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15 the second reservoir 37 and eventually flows down
from the coolant outlet port 41 through the outl et

pipe 8 into the second reserve chanber 3b of the

coolant tank 3. 5 Having the throttle 42, the outl et

pipe 8 controls the flowrate of the Iiquid cool ant
comng through the coolant outlet port 41. Hence, the
surface level L2 of the liquidIloolant in the second
reservoir 37 always remains above the cool ant outl et
port 41. 10 Therefore, the cool ant outlet port 41
nevertiopesscond rdwemoiactlmiidtevenspaiky 38l orovdaed from
in the clean room30. In addition, air would not |eak

f romthie eaalanieceiil el i oy s phk et 3o udh ough ewplet pipe 8
cool ant outlet port 41, because the air-accunul ating
space 3P 1S IV IS AU Eespie et Ahe 9ol ayet

never_ dr.a into the main body 20 through the
discﬁﬁ?ﬁ%wgort 24, and the air Jlayer 44 will remain

li d w i 01, of h ddy- [
chanber 232 TH HET 1 Rt Brbod! Hert oroEh SF (mghid crntrols
: : 0o { O | ant
The 1Taud e C oo et T et pabid o L SRR wluop che
af t eizdd has ol 1RANGL, it 4jhe '@Hb&o%ezosurTfh%é:Cl%em L2 of

wi Il never bubble. 'No de-foam ng agent needs to
added Heo Ltikfrid idpd1hreoalathe Ncdrd ide IBGASISAIYT tDways

use a device 25 for de-foamng the liquid coolant. In
t he opoladme tajperes effar atcar] 8 ts @uAnfd goed 4s.
descri bed above, it may be proposed that the through

Therefore, the coolant outlet port 41 never opens
to the air-accumulating space 38 provided in the clean
room 30. In addition, air would not leak from the air-
accumulating space 38 through the coolant outlet port
41, because the air-accumulating space 38 is a closed
and sealed space. Air will be never drawn into the
main body 20 through the discharge port 24, and the air
layer 44 will remain aligned with the centerline 01 of
the eddy-generating chamber 23.

In the first embodiment of this invention, air
would not mingle into the liquid coolant as the liquid
coolant flows back into the coolant tank 3 after it has
cleaned in the main body 20. The coclant will never
bubble. No de-foaming agent needs to be added to the
liquid coolant. Nor is it necessary to use a device
for de-foaming the liquid coolant.

In the cyclone-type separator 6 so configured as

described above, it may be proposed that the through
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16 hol es 33a of the separating pipe 33 have a | arger
dianmeter, in order to draw the |iquid coolant fromthe
separating pipe 33 at high efficiency. If the through
hol es 33a have too |large a dianeter, however, the air
5 layer 44 will be disintegrated, and air wll flow
into the through holes 33a. Consequently, air wll
mngle into the liquid coolant 3 the through hol es
33a, formng bubbles. The experinments the inventors
hereof conducted 10 showed that air flowed into the

t hr odyhl 4| 32 335, theyerrpatda hindubbbes33 whave thelarger
di ameter of the holes 33a exceeded 3.0 nm |In_view of
t hi s,3%3M§L Hesit e dqatto tdeaw h%@ghl%@%scg@ha@ho@mm the
have a di aneter rangl%g fromO0.5 nm

par t iI¥HHAY W FRfetet f quq.?ﬁﬁ&ﬁl?@c%@snn% ?h?nﬁﬂrough

h he | ength
Separ St TG e St 190 oy o€ ChaT kIS T h | RCREF L pEbe aie

erboa s er°f44“"ﬁhéhgb?e:3%nstﬁ°évi A, o e i ef o ineo

t h
osi S ey Motk ade, Wbl o o ula 0o

pr edetr@fanivied 19QEiid %dlrartﬂw%tse@wdcr{f&fgwqmég 33a,
Thus, the nunber of conponents required is smaller and

t he mmxmmygfuvbﬁm&gﬂylng the 1iquid coolant back into
25 the coolant tank 3 is nore sinple, than in the case
wher e a vdlhee dxpgriondrded e thevautded ipepeoB ¢onducted
control the flowrate of the liquid coolant. This
showed that air flowed into the through holes 33a,
generating bubbles, when the diameter of the holes 33a
exceeded 3.0 mm. In view of this, it is desired that
the through holes 33a should have a diameter ranging
from 0.5 mm to 2.5 mm, particularly a diameter of
1.0 mm. It was confirmed that changes in the length
and diameter of the separating pipe 33, if any,
scarcely influenced the diameter of the through
holes 33a.

In the fist embodiment of the present invention,
the outlet pipe 8 has the throttle 42, which holds the
surface level L2 of the liquid coolant always at a
predetermined position in the second reservoir 37.
Thus, the number of components required is smaller and
the passage for supplying the liquid coolant back into
the coolant tank 3 is more simple, than in the case

where a valve is provided on the outlet pipe 8 to

control the flow rate of the liquid coolant. This
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17 sinplifies the structure of the system and reduces

the manufacturing cost thereof. The present invention
isnot limted to the first enbodi nent descri bed

above. FIG 5 shows a second 5 enbodi nent of the

present invention. The second enbodi nent differs from

the first enbodinent in the structure that holds the
surface Ilevel L2 of liquid coollaht at a predeterm ned
position in the second reservoir 37. In any other
structural 10 aspects, the second enbodi nent is

si m lsimplol f s filrest st andiodt erent . t Hdes ef tosre, atndiereduces the
conmponents identical to those of the first enbodi nment

are deiWreatadring t¢est samereef erence nuneral s and

will not be described. As FIG 5 shows, the outlet

pi pe 8 con tE%P%%Pt]EPY?E¢%@%Ihﬁtn@@tlé@lB%¢ttQ1thésflrSt

a unif i anmet flowrate control valve 51 is

pr ovi rgolﬁ“ "He Cg?ﬁ‘f%ltbe%) IROYE - THtF1 oW-FRES dnteopnd

val v cat t he strea end of the outlet
e gtbd e Aot i pli%sertoolﬂa

pI pe ace Tet port 41.
The fl ! | t
r a?e a?W- r { sc(ﬁ%rfc?q%l a,coo fféf@ ]f%lr% 1% Hlrst

cool %‘?rtbd?ﬂtn{e@{t PO te Hel. stlrtuctﬁﬁ'@rﬂh%ecs ¥ Md V8 DO,

a val ve body 54 and a handle 55. The valve box 53

a passagq 32 tdrtlidui s aadRd 410 4 T']:ﬁ:é&gﬂee.ctmﬂié@ ;%sulon
t hrough which the 25 liquid coolant flows fromthe

cool dmt tout |selcqmey trekkrvolite al varrbety THer hedfidtural
the val ve box 52 and opens or closes the passage 52.
When agpercdtsed thchesdramd] erf®diment is similar to the first

embodiment. Therefore, the components identical to
those of the first embodiment are designated at the
same reference numerals and will not be described.

As FIG. 5 shows, the outlet pipe 8 connected to
the coolant outlet port 41 has a uniform diameter. A
flow-rate control valve 51 is provided on the outlet
pipe 8. The flow-rate control valve 51 is located at
the upstream end of the outlet pipe 8 and adjacent to
the coolant outlet port 41. The flow-rate control
valve 51 adjusts the flow rate at which the liquid
coolant flows from the coolant outlet port 41. It
comprises a valve box 53, a valve body 54 and a handle
55. The valve box 53 has a passage 52 that is
connected to the outlet pipe 8, through which the
liquid coolant flows from the coolant outlet port 41.
The valve body 54 is held in the valve box 52 and opens

or closes the passage 52. When operated, the handle 55
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of the passage 52. Thus, when the handle 55 is

operated, setting the opening of the passage 52 to a
desired value, the rate at which the Iiquid cool ant

flows from 5 the coolant outlet port 41 changes. In

the second enbodi nent of this invention, the

flowrate control valve 51 can adj ust, as is desired,

the rate at which the liquid coolant flows fromthe

cool ant outlet port 41. The surface level L2 of liquid

10 casead Broredl va kody setormhiesesdbist 87tvanopening of
therefore be exactly at a desired position, namely
abov&ihPasagant2 outThts porhen1the rham@le 0ob ahs operated,
out | et ort 4]her no ajr will mngle into the liquid

cool &t tll'ﬂ'ﬁ S e‘?@%’iﬁdﬁfevtebrf? ﬁp‘%?ﬁeaq? qib? dt%oibl%‘?ﬁlred

f b 15 | edyci Is jnventi

p:g(r:nt\)l%clie e’It He'© s tae:]a%q r’(é‘ ﬁqﬁ % Tttd rﬁ‘i"g]dar%to %nt%ws from
that g fQyded, @yQUtWeOCC?Cﬁ‘le@gqn]g &Jg}ghldgg metal member .

The separating pip of wire

netting. |mw3§é'§écﬁﬁp|én@@$&imé1¥t 20r AGEO %dirF\geﬁ@Jdrgll?e the

present invention, no air m ng es Intot

that fhaw-hee <leanad] Kenge dhead I s [ ds N desired,
bubble at all. Any de-foam ng agent need not be used.

Nor ithel tratecessamyidho tige 1a gleM eo fort derd@ani Men the

the liquid coolant. 19 CL Al MS 1. A cyclone-type

separardeanfroouddpdr gtantg 4dol | The surface level L2 of liquid
coolant stored in the second reservoir 37 can therefore
be exactly at a desired position, namely above the
coolant outlet port 41. 1In the coolant outlet port 41,
no air will mingle into the liquid coolant. This
reliably prevents the liquid coolant from bubbling.

In reducing this invention to practice, the
separating pipe is not limited to one that is formed by
processing a punching metal member. The separating
pipe may be one formed of wire netting.

Industrial Applicability

According to the present invention, no air mingles
into the liquid that has bee cleaned. Hence, the
liquid will not bubble at all. Any de-foaming agent

need not be used. Nor is it necessary to use a device

for de-foaming the liquid coolant.
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foreign matter fromliquid, conprising: a hollow
cylindrical main body which has a 5 discharge port in

a lower end; an inlet port which introduces the liquid

into the main body, causing the liquid to swirl in

the main body, said liquid containing solid foreign
matter; a clean roomwhich is provided in an upper end

of 10 the mai n body; and a conmmfhi cati on pi pe which
connects the clean room to an interior of the main

body, wherein the foreign matter contained in the

liquid is separated by vir€uk BfIaMcé&ntrifugal force

as the 15 liquid swirls in the main body, and the

foreign netter® eY@borephyRe ctleparande forfatpbanibhgg solid
an inner surface of the main body and is discharged

t hr ofPF 4B h Seariferoriquid c ot ummaks B9 : | ayer i s

gener at ed, ichis aligned wth a centerl|ine of an

daty ot rosin'oAL G uT TR T e He SRV 1 ¥ orhEhen

liquid and which fl.ows fromthe discharge port to the
clea#iﬁéhﬁﬁqﬁ(ﬁﬁﬁ$ %qu§(%ﬁﬁﬁﬁn%%.ﬁon pi pe, a clean

[iquid | ayer i ﬁﬂﬁqz i,ch: f e I g

matter an V\hﬁrg]héér)i Ses avf%%%}?al%%%%%fe%ér)e%%?a}I@%ﬁagréto the

of t he iGolyymar @Adsirgf drayeri g M%Hfﬁ%i% Aod B

di scharged fromthe ean room after havi ng been

gui deddyt g dike 16lRaN reamealong thel «d resvd ey td @der;
surface of the air |ayer, 20 characterized in that a
por ous separdidarg e wisiclariangesyided hen cdeamop®pmend of
and connected to the
the main body; and
a communication pipe which connects the clean room
to an interior of the main body,
wherein the foreign matter contained in the liquid
is separated by virtue of a centrifugal force as the
liquid swirls in the main body, and the foreign matter
thus separated is made to fall along an inner surface
of the main body and is discharged through the
discharge port; a columnar air layer is generated,
which is aligned with a centerline of an eddy stream
generated due to the swirling of the liquid and which
flows from the discharge port to the clean room through
the communication pipe, a clean liquid layer is formed,
which is free of the foreign matter and which rises
along a circumferential surface of the columnar air
layer, and the clean liquid is discharged from the

clean room after having been guided into the clean room

along the circumferential surface of the air layer,
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comuni cation pipe, and there are provided a first
reservoir provided on a bottom of the clean room 5
surroundi ng the separating pipe and configured to

store tenporarily the liquid flow ng the separating

pi pe, a second reservoir configured to store

tenporarily the liquid flowwng fromthe first

reservoir, and a liquid outlet Zbrt which opens bel ow

a surface level of the 10 liquid stored in the second
reservoir. 2. The cyclone-type separator for

separ ati ngchapvhttefbredginnmebhéera pocoudi sgpavatiagnpipe is
1, characterized in that the liquid outlet port is
connet N9 al il Sehar bea pi peom aaved t tenmk stddrge pipe

15 has a thrott|e which holds at a predeterm ned

posi tTVHUR HeA G10T P ev@ld ofhe R aFqupErstdr@ R i hirst
the second reservojr. 3. The cycl one-type separator

for Separatiy p%%‘f}r%eq o?réiagﬁo‘?%‘icfr%r?f dderet srp tePom,

cl ai racterized in that, the |iquid out |et

por t r%%rrogl%n%e]% 2t T P U HE J& it paelr,‘cll g?]‘%fl%lgurec? to store
fl ows ggggr Iy valve d r Qv [, schar ge

pi pe,treg{god f o%/frtahtee%lc nltdfoﬁo\%llrgogdtakg{u% |anrgal§lr?§te pe, 4
at Whietbride ddeuich f | oner 1domd he 1dquid Mg&éa@% 'the

thereby to set the 25 surface level of the I'iqu
st or ed duid I SECNE rdne SHY G ilr Al @ duBaster ied 1iguid

‘position. 4. The cyclone-type separator for separating

21 soluitd eftorpei ign wikidreropeane ediolg 4 GuBadne dfel of the
clainse 1 to 3, characterized in that the clean room
is i ddlgatied stored in the second reservoir.
2. The cyclone-type separator for separating
solid foreign matter, according to claim 1,
characterized in that the liquid outlet port is
connected to a discharge pipe, and the discharge pipe
has a throttle which holds at a predetermined position
the surface level of the ligquid stored in the second
reservoir,
3. The cyclone-type separator for separating
solid foreign matter, according to claim 1,
characterized in that the liquid out let port is
connected to a discharge pipe, and a flow-rate control
valve is provided on the discharge pipe, said flow-rate
control valve adjusting a rate at which the liquid
flows from the liquid outlet port, thereby to set the
surface level of the liquid stored in the second

reservoir at a predetermined position.

4. The cyclone-type separator for separating



froman interior of the main body by a partition wal
i solates, the partition wall constitutes bottons of
the 5 first and second reservoirs, the first and
second reservoirs are partitioned by a holl ow

cylindrical wall extending upwards fromthe partition
wall, and the 1liquid overflows the hollow cylindrica
wall, flowing fromthe first reskrvoir into the

second reservoir. 10 5. The cycl one-type separator for

separatin solid foreign matter, according to any one

of cl%mrﬁsc?lfor%ig;r,l ehBFart edteeddingt hat abheosteah claims 1

room has_a to pl ate | ocated above the first and

secon risetRardstenhzeq 0 akkakurbei adeapateonsis isolated
ed between the to 5 plate and the surface

ng;:§%ﬁmt?ﬂa*?Eﬁﬁ%P%t%fe TriEh Pedy by apdPaebbhéon wall
he e I R REPE b e Pl ptons it E9ER s RatEs of che

t he conmmuni cdti on pi pe an

5 escaps ol & ddale ORGDS 4 QoL NG5 AL M- RECHIYPL AL NG Spase
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reservoirs are partitioned by a hollow cylindrical wall
extending upwards from the partition wall, and the
liquid overflows the hollow cylindrical wall, flowing
from the first reservoir into the second reservoir.

5. The cyclone-type separator for separating
solid foreign matter, according to any one of claims 1
to 3, characterized in that the clean room has a top
plate located above the first and second reservoirs, an
air-accumulating space is provided between the top
plate and the surface ievel of the liquid stored in the
first and second reservoirs, and the separating pipe
extends between the communication pipe and the top
plate and has an escape hole that opens to the air-

accumulating space.



