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METHOD AND APPARATUS FOR FEEDI NG COOLANT LI QUI D
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GRI NDI NG MACHI NE TECHNI CAL FI ELD The present.
|nvent|on relates to a net hod and apparatus for
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feeding a coolant |iquid and separating and recovering it in a cutting .
machi ne and a grinding machi ne, particularly a nmethod and apparatus for
feeding a MOW/29B8%k o0l ant liquid to a region of. contact bet RETAPAT/NITI er
or the like and a workpiece and it also relates to a nethod and apparatus
for automatically separating and recovering the coolant |iquid subsequent
to the supply thereof. BACKGROUND ART I n
machi ni.ng, the factor which plays a mgjor Zole in shortening the
processing tine and mnimzing the strain due to
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processing is to enhance contact |ubrication between a cutting tool or
gri.ndi ng t ool wameh/msepr kpi ece and pronote di ssipation of heat @CIVIRIZITSH
or cooling. That is, fromthe standpoint that the cutting conditions can
be inmproved by slightly weakening the surface layer, if the coolant |iquid
is allowed to flowin all directions into the main cutting shear region
and to be adsorbed by the created nmacroscopi @ cracks or voids, this

results in

| owering the surface energy and preventing re-adhesion. Such

effect .of brittleness in the shear region is very useful in
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~providing an increased shear angle and a decrease in the thickness,

of chips and also in the cutting force. On the other hand, since tools

t fansi ent | yWQ9339882a field of plastic deformation and shear PCI/IRBF/O8INf ace
of a workpiece, it is of utnobst inportance that effective cooling and -

| ubrication be effected for each transient field of plastic deformation
and shear with which the tool cones A
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in contact. . However, in conventional machine tools, a coolant |iquid
fed- directly wwipsmpisstransient field (tool contact region) throygiyibero0373
nozzle is flung away by the rotation of the tool or workpiece and only
superficially passes along the tool and workpi ece surfaces; therefore, it
can hardly be said that .the coolant liquid contributes to effective cooling
and | ubrication. SUMVARY @& THE | NVENTI ON I n order
to ensure that a coolant liquid in machine tools finds its way to a tool/
wor kpi ece contact region in a filmfornmed flowwth desirable fluidity

agai nst the centrifugal force froma rotating surface and satisfactorily
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have experinentally created phase conditions of various coolant liquids
faor investigation. As a result, | have found that continuous m Xi ng of
air in a coMIW298Zui d decreases the |liquid phase nmass, ther eCE/IReke0sss it
difficult for the liquid coolant to be flung away because of the decreased
centri.fugal force when inpinging on a rotating body adjacent the tool
contact region, that of the liquid particles which are splashed in al
directions upon the bursting of air bubble$, those which are heading for
the tool contact region also enter the narrow shear region, thereby

provi ding inproved lubrication, and that the remaining air bubbles adhere
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thereo_f ,

. matters, such as chips, to enhance the fluidity and buoyancy

therw@gmggg@r_i buting to the separation and recovery of pCT/IP97/00373
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the cool ant |iquid. Accordingly, an aspect of the present invention
provides a mnethod for feeding a coolant liquid to a cutting machiné or
grindi ng mad¥PRE2988Mi ch is characterized by feeding a cool ant pdry@9t/60373v t h
bubbl es caused to form continuously therein, for cutting or grinding
operation to a region under machining, expediting the splashing of air
bubbles in all directions when the air bubbles inpinge on the region under
machi ni ng and burst, and al so expediting th@ entry of accel erated spl ashed
liquid.particles into a cutter/workpiece pressure contact plane, thereby
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the cooling and lubrication of said region under mnachining, whereby the air

bubbles in thagwoakegat |iquid which has failed to reach the regcooremmars
machi ni ng or which, though reaching there, has left there for the recovery

channel are allowed to adhere to suspended foreign matters in said |iquid,
t hereby expediting the surfacing of the foreign matters. Then, in
order to allow the coolant liquid to be afflugntly fed to the region under
machi ning, | have tried, not to directly spout it against the regi on under
machi ning froma nozzle, but to feed it there in the formof a flow A
nozzle for this purpose is designed to spout the coolant liquid against a
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~ And | have found that in the interior of the nozzle, there is forned.a,

particulate turbul ent fl ow of coolant liquid and that by inparting a
spiral. rot avOem29882reto, the coolant |iquid which reaches theCTIP97/00373
ci rtrcrrrf—ereﬁ‘t—ralr—r—egLon_rmves as if craming in a
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whirl, to t'he-central region including the rotating tool. Ther ef or e,
anot her aspectwof9728882i nventi on provides a nmethod for feedi ng aPCBIPIHR03ITI

liquid to Wgri ndi ng machine, which is characterized by:
i nstal ing ap.annul ar nozzle or coolant liquid above a mlling tool or

grinding too
downward at
nozzl e -

1SS sBeaRebge.g vVertical main spindle so that it faces
H’ W’I’l’fﬁﬂy coaxi al position,lthe inner wall of said
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whi ch extends to its discharge port being formed with a curved surface and
a twi st channel for producing a turbulent flow, whereby the coolant liquid
being fed | YOA78 B ged downward through said di schar ge.pqst PEEARIZA08T3 as
a spiral flowwhich is a collection of particulate turbulent flows, :
thereby formng a cylindrical veil of spiral flow of coolant Iiquid which
surrounds said mlling tool or grinding tool and whose | ower end reaches
the surface of the workpiece, at |east a plara' of said spiral flow being
caused to nove fromthe | ower end of said cylindrical veil along the
surface of the workpiece in a whirl toward the central
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region until it is fed to the regi on under haéhining which is in contact

wth the ml|{yo7i@gd2 Or grinding tool, the at [east a part of pgeiygoRssial
fl ow bei ng di scharged outside said cylindrical veil together with chips and

heat of friction and diffused al ong the workpi ece surface. In the
above .arrangenent, the cylindrical veil of cool ant liquid itself
contributes to the formation of said whirling] 8§surface flow and al so
serves for prevention of environnental pol luti on by encl osing the snoke
fromthe scorching of oil and oil films on the workpiece surface due to
cutting. O course, it
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is apparent that if air bubbles are caused to formin the coolant = | )
-4- liquid being fed to said cylindrical nozzle, the effect of the
WO 9729582 , PCT/IP97/00373
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whirling fl-ow-feeding a coolant liquid to the region under nachining and
the above- descWol9e@9asef ect brought about by air bubbl es.can be pcryper00373
concurrently devel oped. . The nozzl e construction invented in order to
use said coolant |iquid feeding method forms an annul ar nozzle for
downwardly discharging coolant |iquid adapted to be installed above and
coaxial with a mlling tool or grinding tool c?qpected to a vertical main
spi ndl e, said nozzl e conpri sing: a) an inlet annulus defining an
annul ar- i nl et chanber, '
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b) a channel annulus di sposed axially adjacent said annular inlet chanber, |
i ncluding at |east two introducing passages conmunicating with said inlet
chanber at WBI8¥etrical positions, outward or inward tw st PCTawsEHET3
respectively comrunicating with said introduci ng passages and twi sted i.n a
unified direction, and annul ar turbulent flow form ng portions

comuni cating with the term nal ends of said tw st channels, and c)
nozzl e annul us conmmunicating with all annulla@ area of said turbulent flow
formng portions in said channel annulus and defining an annul ar nozzle
space which opens in a downward and inward or outward direction, d)
wherein the channel wall extending fromsaid turbulent flow
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formng portiens in said channel annulus to said nozzle space is for med
wth at | east wo®72e882 surface radially bent back for f or mat i opcBirpe7/00373
turbul ent flow, whereby the coolant liquid fed is di scharged from said
nozzl e space generally as a spiral flow which is a collection of
particul ate turbulent flows, formng a substantially cylindrical vei

whi ch consists of said spiral flow 17
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and which surrounds said mlling tool or grinding tool. Further, |

have taken notice of the fact that effective

l'iquid, t hVOPL29883 st 1 uct | ng a systemfor reliably separatirgr/imraoss
matters, such as chips and grinding stone fragments, and a mgrating oil

content froma

machi ry recycle process is a great factor which
m ni mrH“ll mm mrof t he machi ne invol ¥e8l in cleaning the channels,

exchangt ng |

Lquhd or #e-supplying additive agents (rust
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recycle feeding of a cool ant

cool ant Tiquid recovered after being fed to a regi on under
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preventive agent,

| ubricant, etc.) and which ensures snooth effective

f eedi ng of coWamdssﬂw d, I eading to ny inventing a separati NnGpEifr97/00373
recovering device which is used in conjunction with said nethod of mixing .

air bubbleS‘Tﬁ‘a*caeFanL_LLqu_d Ther ef ore, anot her aspect of the
I nventi-on i a separatlng and recovering apparatus for cool ant
liquid |na;" m' or grinding nmachijng for collecting a cool ant

liquid fed to & r

nmachi ning and separating inpurities therefrom

and t hen dlscharglng it sald separating and recovering device conprising;
a) an inflow tank for receiving a coolant liquid after the latter has been

used;
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b) a row of sleeve communi cated tanks conprising at | east one set of two
connect ed tanks di sposed downstream of- or incorpolating therein said -

i nfl ow t anRYORHEMEn a sl eeve bundle having a substantially HRERIRIGBITI ke
cross section and extending through a partition wall between said two -
connect ed—tanks—s—disposed .extending fromthe upstreamtank to the
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-6- - .+ . c¢) arowof opening communicated tanks conprising at |east
one set of woemmessrect ed tanks di'sposed downstream of - or i NneQTIPYAINT
therein said inflow tank, wherein a conmunication port formed in a
parUUon—tV\o connected tanks has a | ower end edge

dlsposedmmmm”'ﬂ m/"m’gher | evel than that21
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of"' the tank bottom and an upper end edge disposed at a |ower |evel than,

the normal |iguid |level set to the final overflow |evel; d) an
out fl ow t an®¥ U383 s a final tank connected through said sl ETIPHUIIE oOr
said opening to t d tank in a plurality of series connected tanks

conpri si ngnﬂm i | of said sl eeve communicated tank row and said
openi ng comm l]@@"l@ IMHW said outflow tank having an overfl ow port
for dischargingt L d and recover e@ dool ant | i quid at said final

overfl.ow | evel
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e) a forei.gn.matter separating roller including a rotatable roller having a

hori zont al

gdral led in at | east one of the plurality of pagpkporedgs ng

fromsaid inflowtank to said outflow tank, said roller being partially

|nnersed |n

I|qU|d in the at .| east one tank and combined with a

deposit Iade having a front edge opposed to the portion of the
roll er s ve the liquid levedd with a very narrow

clearance
sai d blade

t he exposed portion of the roller surface and
f) t e Upward sl ope oMIEFRFMHFGEM bundl e being such that

masses of air bubbles, having foreign matters such as chips adhering
thereto, in the coolant liquid flomﬁng fromthe | owl eve
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inlet in said sleeve bundle in the upstream tank are caused by

-7- the action of buoyancy to abut against the respective ceili ng
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surfaces of. the sleeves and while these nasses of air bubbles are staying

in the sl eevewodMoysxre integrated with subsequent masses to begF57/00373
i ncreased in size, whereby said masses are pushed by the liquid flow ng
into the the high-level outlet in the ceiling surface,

sai d nmas ' ' ged from said outlet into the coolant liquid
phase i nmﬂmﬁm\i&%m’lank and finally surfasging. In the above
arrangenent, ct ne on of solid fine particles is effected normally
Wi t hout using a |large-scale device such as a centrifugal separator, and

since filter means such as a
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paper filter is not used, there is no danger of the additive agents in.the |
coolant liquid being renoved owng to filter clogging caused by the oil
content. ThWQ¥ARI8R for the foreign matter scraping bl ade bei Féﬂﬁ%@é@to
the roller with a narrow clearance therebetween is to allow the oil :
content "To deposit on the peripheral roller surface to forma deposited

| ayer of ' bstrate) having a tl}i ckness corresponding to said
narr ow M“(Ije“m“mmm“t“ﬁce forth allow an oiP filmof air bubbles adheri ng
to chips and the i ke t*o be inplanted on said substrate with ease so as to
form as it were, a colony of the same substance. Therefore, inplanted

foreign matters formed as every portion of the peripheral roller surface
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top |l ayer- of the coolant liquid is scraped by the blade as they cone out
above the |iquwd swpegsce and reach the bl ade. | have al so pewItodpds
when a turbulent flow of finely divided coolant liquid containing air
bubbles is spouted with a substantially rectangul ar cross section to.

i npi nge from above the rotating periyppgral surface connected to the
machi ni ng portion of '
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a lathe on a region axially extending at |least to said region under

machi ning, the filmof turbulent flow noves toward the tool/workpiéece
contact regi oYOX2M82: aw i ng al ong the rotating peripheral surPEFIPHME3Bhe
cutter. That is, another aspect of the invention provides a nethod of
feeding a coolant liquid for a |lathe, conprising the steps of positioning
a nozzl e above the work hol ding chuck of pphg; lathe, said nozzle including
a di scharge por%? substantially rectangul ar cross section and a
constricted cur lurface portion on its inner wall extending to said

di scharge port for producing a turbulent flow, and also including a |oosely
nount ed t ongue
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pi ece of rigid qﬁogba§h5c material crossing the section of said discharge
port and projecting outward, whereby said nozzle is arranged such %ﬁfﬁP§hmB
coolant liquid received through the inlet disposed upstream of sai 3
constricted curved surface portion is discharged from said di scharge port
as a collection of particulate turbulent fl contai ning air bubbles drawn
i nto the cool ant {qygd as the latter passesy\%&/ sai d tongue piece, said
cross section of the discharge port of said substantially rectangul ar
section being disposed substantially orthogonal to the plane containing
the main axis of the |athe and facing obliquely dowward deviated in the
direction in which the workpi ece projects, whereby the coolant Iiquid

di scharged from said nozzle is caused to inpinge on a region axially

ext endi ng :
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from the top of the péri pheral surface of said chuck to at least the.

regi on under %BJII%BSB? so as to forma turbulent -flow filmof cool ant °
g al

l i-qui d cont ai ni n bubbl es surroundi ng the chuck and PCT/IP97/00373
-9- :
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t he peri-pheral surface of the workpiece, at |east part of said
fl ow cont ai nywap7dkgszbubbl e bei ng caused to nove al ong

and wor kpi ece surface so as to be fed to the

t ur bul ent

. t he chugkraps#iRen
regi on under nachi ni ng which

is in contact with the cutter and

then flow out toward the coolant liquid

recovery channel

t oget her

with chips andggat of friction.

arrangenent of the coolant liquid feeding nozzle invented

The
to be used with

sai d met hod of®léeli ng a cool ant i

quid for a |athe conprises;
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at | east one nozzle having a discharge port of substantially rectangular |
section and having a tongue piece of rigid or elastic material crossing the
section of saW@ﬁﬁ%%rge port and projecting outside, said toRGUAPHIWIB

being | oosely nounted in said discharge port; and a mai n body having-
a feed-chanber communicating with said at | east one nozzle, and a cool ant
receiving inlet in said feed chanber, ¢Ng inner wall of the feed

chanber extendimgiom said receiving port to said discharge port and the
i nner wall of th ozzle being formed with a constricted curved surface
portion, whereby the coolant liquid received fromsaid receiving port is
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di-scharge fromsaid discharge port as a collection of particulate turbul ent
fl ows cont ai niwig9aresspubbl es drawn into the coolant Iliquid as tp?”%éﬁﬁﬂ

passes by said tongue piece, the discharge flow of this cool ant Tiqul

bei ng cause to inpinge on the rotating peripheral surface continuous with -
t he regi on under machining which is in contact with the cutter and al so

| npi nge on the cutter to forma turbul ent /16w i1 m cont ai ni ng air

bubbl es, "at [K10])
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| east part of said turbulent flow filmcontaining air bubbles noving along,

the rotating Resbpbwagsl surface and cutter until it is fed to i’%ﬁ&%

under rmachi ni ng. BRI EF DESCRI PTI ON OF THE
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Fig. 1 is-a diagrammatic view show ng the basic constructional principle

of the cool a0 971298820 f eedi ng system of the present inventi onpPCT/AIP97/08373 2
is a partial sectional view showi ng the cross- sectional construction of.a
coolant liquid feeding nozzle used in the basic construction of the

i nvention; Fig. 3 is a view show ng fﬁgnbi nation of partial sections
taken-along the line A-A, B-B, CGC and D the partial sectional view of
Fig. 2. Fipgg 14213 a schematic side view showing a cylindrical veil
Ul
®
I 5
Tl 7 2

Bt
P

ﬁ.\

— T
-~
~§

-4

1 110



“and a whirling surface flow of a coolant liquid comng out of the-coolant

liquid feedihg.n e shown in Figs. 1 through 3; Fig. 51 oevatic
_plan view s%&jpﬂgﬁke cylindrical veil and the whirling surfac? ‘F?\?v shown
in Fig. 4; Fig. 6 is a plan view showi ng a typical enbodinment of a
separating and recovering tank for cool ant |iquid, Fig. 7is a
vertical section taken along the line E-Bj16 Fig. 6; Fig. 8is a

per spective vi of, ya sl eeve bundle having a substantially
LR

honeyconb- sha Ss section in the separating and recovering tank shown
in Figs. 6 and 7;
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ﬁig. 9 i's 4 partial sectional view showng a foreign matter separating
roll er constrwedeggonprising a rotatable roller and a b|age,b&ﬂdﬁhmmn3

separating and recovering tank shown in Figs. 6 and 7; Fig. 10 1s a
di agrammatic view showing a first installation exanpl e enbodyi ng
t he basic constructional principle of the
11/16
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i nvention; Fig. 11 is a diagranmatic showi ng a second installation-.:

exanpl e emboGypvgnbdee basic constructional principle of the inyehiddRosrs
Fig. 12 is a diagrammatic view showing a third installation exanple

enbodyi ng the basic constructional principle of the invention; Fig.

13 is -a diagrammatic side view show ng thi%futline of anot her
constructional principle concerning the c 6nt liquid supply of the
i nventi on; [mq 5% is a plan view of a coolant liquid feeding nozzle
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used iR the-arrangement shown in Fig. 13; Fig. 15 is a vertical
sectional viewpdy7sggn fixed nozzle taken along the line F-F ingHd
and a partial sectional plan view (b) taken along the line G G therein,;
Fig. 16 is a sectional plan view showing the entire cgnstruction of the
cool ant- liquid feeding nozzle shown in Fig. 14; Fig. 17 is a

sectional plan view showing a fourth instal 13{1éon exanpl e enbodyi ng sai d
anot her construcggppag Jprinciple shown in Fig. 13; Fig. 18 is a
sectional plan view showing a fifth installati on exanpl e enbodyi ng said

anot her constructi onal
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principle shown in Fig. 13; and

showi ng a si pdle7n

Fig. 19 is a sectional plan view

tonstructi onal principle showmn in Fiig. 13.
In Fig. 1 showi ng the basic system

FOR EMBODYI NG THE | NVENTI ON

construction of the

(&17]
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Jggst al I ation exanpl e embodyi ng said anot her
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present “inventi‘on, the nuneral 1 denotes a main tank of large capacity for
storing cool anWOp72H88; 2 denotes a coolant punp (P1l) which, in,;(fil, 9@&%
is used to take in air to cause air bubbles to formin a cool ant |‘§,3i

and feed the liquid to an annular nozzle 3. The annul ar nozzle 3, as wll
be | ater described in nore detail, is used to dowmwardly spout the cool ant
liquid fed fromthe punp P1 as a cylindricalspMeil 4 generally consisting of
a spiral flow whi{@h1i8)a collection of particulate turbulent flows to

i mpi nge-on the surface of a workpiece 5. The workpiece 5 is cut on a
novabl e table 6 by a
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mlling tool 7 which, in this case, is a fullback cutter, and a main .- .. -
spindle 8 su J the mlling tool 7 passes through the ann

3. Most of tﬁgﬁg&kgﬁgrical veil 4 of coolant liquid, at its Iomg#%éﬁ%ﬁﬁib

i mpi ngi ng on the workpi ece surface, noves as a whirling surface flow toward
the center to be affluently fed to the place of contact between the cutting
edge of the mlling tool 7 and the workpiiégee5. After having been thus fed
to the workpiegggltgj cool ant |iquid discharged outside the cylindrical

vei |l 4.sinusoi I'y“@ach time its nound increases travels, together wth
the portion of the coolant |liquid which has initially been directed
outward, via the workpiece 5 and a novable table 6 to flow down, in this
case,
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into:a gutter-like outer peripheral pan 9, and is drawn up by a second
cpol ant punmp 2' (P2) through a suction port 10, finally reaching a
'separating and recovering tank 11. In the separating and recovering tank
.11 to be later described in nore -14-
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dété{l, the coolant liquid after having the foreign matters, such as oi

"and chips, removed therefrom is returned to said large-capacity tank 1
‘through a filling port 12. In the above exanple of the basic
.construction, the coolant |liquid supplied as a cylindrical veil 4

‘preferably
t he cool ant

contains lots of air bubbles due to the air take-in action of
punp 2. Therefore, the coolant liquid containing lots of air

11

FITE 26 - -
éﬁ%¥ﬁ§b\C:#%ﬁEDwimfﬁT&ém\/Xw§ﬁ29W%ﬁb

RS2 5 TrE Ok s LTS ha - LBERIN3THS 5.
RA4RCR S i3, B2 RO $I0R UGB Vb SHH & h 2 GRS
— V4 RO S REERORELR U RIRTH 5, K4IRTED. HE

CRR-V A EUTHEEND S —5 Y M) XV 2 9 XD PPRREICE

HENCBESTHEE, BOH, RUEEEEORDSIC X b AR IEEh -
%ﬁﬁ®ﬂ%ﬁ&bf$?b\Cﬂﬁgﬁwﬁméﬁﬁ%ékwﬂﬁﬁﬁflﬁ
%5®$EﬁﬁtéoIﬁ%S%ﬁK%#ok7"§>bﬁ@iﬂ%m\%wﬂ

. EEEOHEICEEBHLTHOBIC AN, TETOTHRAE-THADS 2T

RTLIBWBY EROEFRL, JOBY EF) OBENS ZBE RT3
FIRFRR— U 4 S BRENITHRH U, BURD ER D REBARDE LN ST 5
ARTE T ET/EH 5 OEMIBOBMBRUMEICRIULSI EiTiE 5, ZD XS IC
IR S X727 —F v MENRUE S TRELTTERELT, —
RN = VARET 3 8 TRT &5 AR RURVEES LTSI E L,
PR ) RV BWCERERR U Lick b, Ebidy—5 » MNEOE
ELRH) PEE - RBORN LD, FSLSHMEBROTIENETCE Y
75y MEBEEES XSHRETHB T 215 TH5 LELSND, DX
SICEINITE & Tret & DM ER 7 — 5 ¥ MR Tt S h 2 REBIEHER
DEHE ) INTHRLL BONEN BB THO, JHiT > THMIEHTOR
IR R RRBOICH LT 5, £LT, 7—5 ¥ MEIZKBESTLIBEI
. BT L7 S0RIC L 3 R R UBHIAES b O, Pkt —BR LR ET 3

o 7=5Y MNERABEIRS ¥ 7 ER N THEES R S N B BA. 754
RTBTEUCa—F 4y /EETEI L DERENITE L, #R150~2 0

0m/BTIHL T bD%, 20 2HLEDS 0 0~7 0 0m/ 5 ¥ CRE
EEFTONIE 52 LT, Lind, BEBRAE CItH - WRISh 570, T
DEBEANREORE T, BEREET 5T LAMBEN, £, T



bubht es ‘which is fed to the region of contact between the nilling tool 7
and t'he workpi ece 5 undergoes centrifugal force fromthe rotation of the
tool to a |l ess degree due to its lower nmass, a fact which nakes it easier
:for the coolant liquid to penetrate into the tool/workpiece contact region.
And in this case the splashed liquid created upon the bursting of air
_bubbl-es easily enter into the fine cracks by the action of acceleration.
‘Further, this arrangenent ‘is al so suﬁ@(éor in dissipation of heat due to
bur sti ng, i&f tyhe lubricating action !
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and sheat.: di ssi pating action thereof, as described above, enhance the.
cutting performance of the tool and make it possible to use a sintered
carbide tool to effect cutting with high feed rate. O course, the cutting
:heat is continuously carried away by the flow of coolant |iquid discharged
fromthe region urider machining. The effect of feeding such air '
_bubbl e-containing coolant liquid is attained not only by the systemof the
‘present invention formng a whirlin éwvthrough the cylindrical veil 4
but al so by%ﬁ%ﬂirect nozzle jet flow 13 o the cutting point as has
her et of or e~ Deef '

‘practiced. Further, the operation for




fbahsing’air.bubbles to formin a coolant liquid is effected by the air
‘takKe-in action of the punp 2, as described above, but besi des this,
it can al , by making sufficiently high the head

. between t boﬁrlng port 14 and the I|qU|d | evel of the tank
A
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t he f|1||ng port 12 at the outlet of the separating and recovering tank 11
and the liquid level of the |arge-capacity tank 1 to produce a pouring

| mpact . Fig. 2 shows in detail the sectional construction of the
-annul ar nozzle 3 for ¢ggl I QL t hj e mai n portion of the
‘I iner peri pheral surfé%% Nt |nulg$Tngg§¥éﬁg 1?ﬁgupported by the outer
.peripheral surface of a main splndle cover 15. The annul ar nozzle 3

conpri-s s 16 at the uppeg end, an internediate channel .
annulus 17, and a nozzle annulus 19. The |nlet annulus 16 fornms an annul ar )
i nl et JMH m!mml | eive a supply of coolant liquid fromthe upper inlet
21. T "} 17 is connected to the inlet
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annul us:16 such that its upper end surface defines the bottom surface of
tﬁé i nfFet. chanber 20. And at least one, or .in this case, 6 coolant liquid
i ptroduci ng passages 22 _are defined to extend fromthe wpper and to the

| oner end, thus defining an outwardly tw sted channel 23 twisted in a
unified direction of rotation at the | ower ends of the introduci ng passages
22. In the region outside the radsaﬁﬂﬁgﬁégﬁmﬂcluding the i ntroducing
passages 22 and the twi st channel 23 in the channel annulus 17, there is a
relatively | arge channel serving as a turbulent flow form ng portion 24.

The upper surface q e nal noporti.on. of 1k I defines the
bott om surfaces of -B B SHE r%”k C -ﬁﬂgfliﬁgégforning portion
24 and, its outer

AND SEPARATING AND RECOVERING IT
IN CUTTING MACHTNE AND GRINDING MACHINE

TECHNICAL FIELD

The present invéntion_relates to a method and apparatus for
feeding a coolant liquid and separating and recévering it in a
cutting machine and a grinding machine, particularly a method and
épparatus for feeding a flow of coolant liquid to a region of
contact between a cutter or'the like and a workpiece and it also
relates to a method and apparatus for automatically separating
and recovering the coﬁlant liquid subsequent to the‘supply
thereof.

BACKGROUND ART

In machining, the factor whicﬂ plays a major role in
shortening the proces;ing time and minimiiing-the §train due to
processing is to enhance contact lubrication between a cutting
tool or grinding tool and a workpiece and promote dissipation of
heat of friction or cooling. That is, from the standpoint that
the cutting conditions can be improved by slightly weakening the
surface layer, if the coolant liquid is allowed to flow in all
directions into the main cutting shear region and to be adsorbed
by the created macroscopic cracks or voids, this results in
lowering the surface energf and preventing re-adhesion. Such
effect of brittleness in the shear region is very useful in

providing an increased shear angle and a decrease in the thickness



énd at a position where it forms an annul ar di scharge passage
%NENDNENT whi ch was subm tted under PCT Article 34 on July 28,

1997 25 between it and the outer peripheral wall of tke turbulent flow
formng portion 24 defines an upwardly projecting portion 26 and an
i nwardly turned back Egrtlon 27. Therefore, the inward coolant liquid flow
twi sted i®f £h3PBAeRISNdH ahepéamtamg forceot 4n Shefotdert hendwisgpce hannel . 23
i npi nges on the i nner
tools transiently create a fleld of plastic deformatlon and shear
in the surface of a workpiece, it is of utmost importance that
effective cooling and lubrication be effected for each transient '
field of pléstic deformation and shear with which the tool comes
in contact. |
However, in conventional machine tools, a coolant liquid fed
directly to such transient field (tool contact region) through a
nozzle is flung away by the rotation of the tool or workpiece and
only superficiélly passes along the tool and workpiece surfaces;
therefore, it can hardly be said that the coolant liquid
contributes to effective cboling and lubrication.

SUMMARY OF THE INVENTION

In order to ensure that a coolant liquid in machine tools
finds its way to a tool/ workpiece contact region in a film—formed
flow with desirable fluidity against the centrifugal force from a
rotating surface and satisfactorily enters the shear-region, I
have experimentally created pha;é conditions of various coolant
liquids for investigation.

As a result, I have found that continuous mixing of air in a
coolant liquid decreases the liquid phase mass, thereby making it
difficult for the liquid coolant to be flung away because of the
decreased centrifugal force when impinging on a rotating body
adjacent the tool contact region, that of the liquid particles
which are splashed in all directions upon the bursting of air
bubbles, those which are heéding for the tool contact region also
enter the narrow shear region, thereby providing improved

lubrication, and that the remaining air bubbles adhere to foreign



“surface of sthe upwardly projecting portion 26 of the bent annulus and is
f nwar'dly turned back, detouring around the inwardly turned back portion 27
1.0 bend outwardly, and_finally flowing out as a colleection of m croscopic
whirling flows or tiny turbulent f]ows downwardly through an annul ar
di.schar ge gassage. The nozzle annulus 19 is _provided with an inclined
f1 oor surmakkerse sigh Asieiipsestarenhange diie fduvididanaad dupyane¥! i ned nozzl e

space 29 between the outer wall K 28 connected to the oguter wall of the
channel aRRBTeR »1PheaRPV, HRATGREkINg §O the separation and recovery of

the coolant liquid.

Accordingly, an aspect of the present invention providéé a
method for feeding a coﬁlant liquid to a cutting machine or
grinding machine, which is characterized by feeding a coolant
liquid, with bubbles cagsed to form continuously therein, for
cutting or grinding operation to a region_under machining,
expediting the spiashing of air bubbles in all directions when the
air bubbles impinge on thg region undér machining and burst, and
also expediting the entry of accelerated splashed'liquid particles
into a cutter/workpiece pressure contact plane, thereby improving
the cooling and lubrication of said region under machining,
whereby the air bubbles in the coolant liquid which has failed to
reach the region under machining or which, thbugb reaching there,
has left there for the recovery channel are allowed to adheré to
suspended foréign matters in said liquid, thereby expediting the
surfacing of the foreign matters.-

Then, in order to allow the coolant liquid to be affluently
fed to the region under machinihg, I have tried, not to directly
spout it against the region under machining from a nozzle, but to
feed it there in the form of a flow. A ﬁozzle for tﬁis purpose
is designed to spout the coolant liquid against a non-rotating
circumferential region surrounding the region under machining.
And T have founq that in the interior of the nozzle, there is
forméd a particulate turbulent flow of coclant liquid and that by
imparting a spiral rotation thereto, the coolant liquid which

reaches the circumferential region moves, as if crawling in a



ﬁéurfgbe of* the bent annulus 18. Since the front and 31 of the inclined
" floor surface 30 is sharply inclined downward, it follows that the cool ant
«sJiquid discharged framthe discharge. passage thereabeve is rotating and
that said coolant liquid is discharged nostly as a cylindrical downward
spiral flow_under its own weight., . Fig. 3 is_a conbination of
hor i zont étirdecte die SERWgregion éﬂﬁbﬁdltnﬂetg¢ gwtatiegdioedt 1iquid in said
Shrough t he IneFefore, another eSpéot” of the Tnventicn provites a nethod®
for feeding a.cooiant liquid to a cuttiﬁg machine or_grihding
machine, which is characterized by installing én annular nozzle
for coolant liquid above a milling tool or grinding too;_
connected to a vertical main spindle sd that it faces downward at
a substantially coaxial'position, the inner wall of said nozzle
which extends to its discharge port being formed with a curved
surface gnd a fwist channel for_produciﬁg a turbulent-flow,
whereby the coolant liquid being fed is discharged downward
through said discharge port generally as a spiral flow which is a
collection of particulate turbulent flows, éhereby forming a
cylindrical veil of spiral flow of coolant liquid whicﬁ surrounds
said milling tool or grinding tool and whose lower end reaches the
surface of the workﬁiece, at least a part of said spiral flow
being caused to move from the lower end of said cylindrical veil
| along the surféce of the workpiece in a whirl toward the central
region until it is fed to the region under maéhining which is in
contact with the milling tool or_grinding tool, the at least a-
part of said spiral flow being discharged outside said
cylindrical veil together with chip; and heat of friction and
diffused along the workpiece surface. |
In the above arrangement, the cylindrical veil of coolant
liquid itself contributes to the formation of said whirling
surface flow and also serves for prevention of environmental |
pollution by enclosing the smoke from the scorching of_oil and

oil films on the workpiece surface due to cutting. Of course, it

is apparent that if air bubbles are caused to form in the coolant



aﬁﬁhlus 21 travels into one vertical introducing passage 22-to- flow
downwar d, -and the cool ant liquid | eaving the | ower end of sai d -
i ptroduci ng passage 22, as shown in B-section, travels —through the tw st
channel 23, entering the turbulent flow formng portion 24 as a
countercl ockwise flowin this case, and
-17- liquid being fed to said cylindrical nozzle, the effect of the

whirling flow feeding a coolant liquid tﬁ the regioﬁ under

machining and the aboﬁe—describea effect brouéht about by air

| bubbles can be qoncurrently developed.

The nozzle construction invented in order to use said coolant
liquid feeding method forms an annular npzzie for doﬁnwardly
discharging coolant liquid adapted to be installea above and
coaxial with a milling tool or grinding tool'connected to a
vertical main spindle, said nozzle comprising:

a) an inlet annulus defining an annular inlet chamber,

b) a channel annulus disposed-axially adjacent said annular

-inlet chamber, including at least two introducing passages
communicating with said inlet chamber at axisymmetrical
positions, outward or inward twist channels respectively
communicating with said introducing passages and twisted in a
unified direction, and annular turbulent flow forming portions
communicating with the terminal ends of 'said twist channels, and

c) nozzle annulus communicating with all annular.area of said
turbulent flow forming portions in said channel annulus and
defining an annular nozzle space which opens in a downward and
inward or outward direction,

d) wherein the channel wall extending from said turbulent flow
forming portions in said channel annulus to said nozzle space is
formed with at least one bent surface radially bent back for
formation of turbulent flow, whereby the coolant liquid fed is
discharged from said nozzle space generally as a spiral flow

which is a collection of particulate turbulent flows, forming a

substantially cylindrical veil which consists of said spiral flow



'fés shown at the section C, bends inwardly and outwardly from said

“turbulent flow formng portion 24 to reach the outer discharge clearance

..25 connected to the nozzle space 29, from which discharge cl earance 25, as
shown by arrows in the section D it travels through the nozzle space 29
until it is discharged as a spiral.flow poving_ inwardly_and then
downwar di Endaghigh surrounds said milling tool or grinding tool.

Further, I have taken notice of-thg fact'that effective
recycle feeding éf a coolant liquid, that is, constructing a
system for reliably.separaﬁing foreign matters, such as chips and
grinding stone fragments, and a migréting oil content from a
coolant liquid recovered after being fed to é region under
machining in the ordinary recycle process is a great factor which
minimizes the downtime of the machine involved in cleaning the
channels, - exchanging liquid or re—sdpplying additive agents (rust
preventive agent, lubricant, etc.) and which ensures smooth
effective feeding of coolant liquid, lea@ing to my inventing a
separating and récovering device which is used in conjunction
with said mefhod of mixing air bubbles in a coolanéiliquid.

Therefore;'another asbect.of the invention is to provide a
separating and recovering appgratus for coolgnt liquia in a
cutting machine or grinding machine for collecting a coolant
liquid fed to a region under machining and separating impurities
therefrom and then discharging it, said éeparating and recovering
device comprising; '

a) an inflow tank for receiving a coolant liquid after the
latter has been used;

b) a row of sleeve communicated tanks comprising at least one
set of fwo connected tanks disposed dounstream of- or
incorpolating therein said inflow tank, whefein a sleeve bundle
having a substantially honeycomﬁ—like cross section and extending
through a partition wall between said two connected tanks is
disposed extending from the upstream tank to the downstream tank

and facing somewhat upward,



" be under st ood. + Figs. 4 and 5 are views which showin detail the state
“‘of ‘the'cylindrical veil 4 and whirling surface flow di scharged fromthe
..annul ar nozzle. As shawn in Fig. 4, the coolant |iquid— discharged as the
cylindrical veil 4 falls typically in the formof a constricted
bel |l -shaped spiral flow as a result of its self-weight, centrifugal force
and rotative ®paethw @fdopenings cemimminateh tianksorompmsing mindeasbionai r
bubbl es, it inpinges on the surface of the workpiece. 5 while assumng a
cl oudi ng §@ﬁt£tm§omect¢rbt@absmsmsq@idpms§re@n ®§—oP"t he surface of the
wor kpi ece 5 travels in_a whirl in the direction of the spiral rotation
toward t héne@mosating rherein sadd) Bidovpkank,orhereima eemmunicabion biting a
mound as ;ggt o%e 2ir; a g.'lxlgc'i’tf:}.bn Ev?éﬂ between said two connected tanks

has a lower end edge disposed at a slightly higher level than that
of the tank bottom and an upper end edge disposed at a lower
level than the normal liquid level set to the final overflow
level;

d) an outflow tank which is a final tank connected through
said sleeve bundle or-said-opening tofthe rear end tank in a
plurality of series connected tanks comprising a combination of
said sleeve communicated tank row and said oﬁening communicated
tank row, said outflow tank having an overflow port for
discharging the separated and recovered coolant liéuid at said
final.overflow level,

e) a foreign matter separating roller including a rotatable
roller.héving a horizontal axis installed in at least one of the
plurality of tanks ranging from said inflow tank to said outflow
tank, said réller being partially immersed in the coolant liquid
in the at least one tank and qombined with a deposit scraping
blade having a front edge opposed to the poftion of the roller
surface exposed above the liquid level, with a very narrow
clearance defined between the exposed portion of the roller
surface and said blade,

f) the upward slope of said sleeve bundle being such that
masses of air bubbles, having foreign matters such as chips
adhering thereto, in the coolant liquid flowing from the low-level

inlet in said sleeve bundle in the upstream tank are caused by



tlne the hei ght of the nmound increases to a certain |evel,

t he cool ant

I|qU|d sinusoidal ly flows outside the veil 4; thus, the coolant liquid .
confributes to the lubrigcation and cooling of the regian of contact
between the mlling tool 7 and the workpiece 5 while repeating the

moundi ng. It seens that one reason why the coolant liquid inpinging on the
wor kpi ece stihe @s&ios afpbueyanaphitel sy agaimstatherraspenties mgidéngtered is
that the cylindrical veil is making a splral or*twi st rotation_as indicated

by arrows 33Wtatgsanbiiier sleevasagn wéuée Wagfes of air bubbles are

staying in the sleeves, they are integrated w1th subsequent masses

to become increased in size, whereby said masses are pushed by

" the liquid flowing into the sleeves to move to the high—ievel

outlet in the ceiling surface, said masses being discharged from
said outlet into the coolant liquid phase in the downstream tank
and finally surfacing. _ R

In the above arrangement, the separation of solid fine
particles is effected normally without using a large-scale device
such as a centrifugal separator, and since filter means such as a
paper filter is not used, there is no‘danger of the additive
agents in the coolant liquid 5eing removed owiné to filter
clogging caused by the oil content. The reason for the foreign
matter scraping blade being opposed to the roller with a narrow
clearance therebetween is to allow the oil content to deposit on
the peripheral roller surface to form a deposited layef of oil
content (substrate) having a thickness corresponding to said
narrow clearance and thence forth allow an oil film of air
bubbles adhering to chips and the like to be implanted on said
substrate with eaee.so as £0 form, as it were, a colony ef the
same substance. Tﬁerefore, implanted foreign matters formed as
every portion of the peripheral roller surface passes through the
top layer of the coolant liquid is scraped by the blade as they
come out above the liquid surface and reach the blade.

I have also found that when a turbulent flow of finely divided
coolant liquid containing air bubbles is spouted with a

substantially rectangular cross section to. impinge from above the



":18- ' * forming a turbulent flow in the annul ar nozzle results in a
“flow of fine particles (a mass of turbulent flow) of coolant |iquid,.which
.fJowruns, as it were,_sliding on a coolant liquid filmin the formof a
simlar group of fine particles fornmed on
rotating peripheral sufface connected to the machining portion of
a lathe on a region axially extending at least to said region
under machining, the film'of turbﬁlent'flow ﬁoves towérd the
tool/workpiece contact regiﬁn as if.crawling along the rotating
peripheral surface and the cutter.
That is, another aspect of the invention provides a method of
feeding a coolant liquid for a lathe, comprising the steps of
| positioning a nozzle above the work holding chuck of the lathe,
said noz;le including a discharge port of substantially
rectangular cross section and a constricted curved surface portion
on its iﬁner wall extending to said discharge port for producing
a turbglent flow, gnd also including a loosel& mounted tongue
piece of rigid or elastic material crossing the section of said
discharge port aﬁd projecting outward, whereby said nozzle is
arranged such that a coolant liquid received through the inlet
disposed upstream of saiq constric%ed curved surface portion is
dischargéd from said discharge port as a #ollection of
particulate turbulent flows containing air bubbles drawn into the
coolant liquid as the lat;er passés by said tongue piece, said |
cross section of the discharge port of said substantially
rectangular section being disposed substantially orthogonal to
the plane containing the main aXis of the lathe and facing
obliquely downward deviated in the_direéﬁion in which the
workpiece projects, whereby the coolant liquid discharged from
said nozzle is caused to impinge on a region axially extending
from the top of the peripheral surface of séid chuck to at least
the region under machining, so és to form.a turbulent flow film of

coolant liquid containing air bubbles surrounding the chuck and



{ab mogkpiecé surface. Such state in which the region of contact between
the cutting tool and the workpiece is permanently filled with a cool ant
Liguid phase is a phenomgenon which has heretofore never_been found in the.
conventional direct spout type nozzle and which greatly inproves the
| ubricating and cooling of the region being cut. And if the coolant liquid
cont ai ns aithebpepinheradasurfagerofc &herprkpieceolathdeast qurs ofrsaight about
by air bubbles are added, further inproving the cutting performance. In
cases in wiehulert ddorpantaiging ais bubble being caused to move along
the chuck surface and workpiece surface so as tﬁ be feq fo the
region under maphining which ié in,contacf with fhe cutter and
then flow out toward the coolant liquid recovery chamnel together
with chips and heat of friction. |
The arréngement of the coolant liquidffeeding nozzle invented
to be used with said method of feeding a coolant liquid for a
lathe comprises; | -
at least one nozzle having a discharge port of substantially
rectangular section and having a tongue piece of rigid or elastic
material crossing the section of said discharge port and
projecting outside, said tongue piece being loosely mounted in
said discharge port; and
a main body having a feed chamber communicating with said at
least one nozzle, and a coolant receiving inlet in said feed
chamber, |
the inner wall of the feed chamber extending from said
receiving port to said discharge port and the inner wall of the
nozzle beihg formed with a constriéted curved surface portion;
whereby the coolant liquid received from said recéiving port is
discharge from said discharge port as.a_collection of particulate
turbulent flows containing air bubbles drawn into the coolant
liquid as the latter passes by said tongue piece, the discharge
flow of this coolant liquid being cause to impinge on the rotating
peripheral surface continuous with the region under machining

which is in contact with the cutter and also impinge on the

cutter to form a turbulent flow film containing air bubbles, at

__.1'0__



mai‘nt ai med rel atively clean by using the separating and recovering tank,
wet cutting using a coated carbide tool can be effected at as high a rate
as. 300 - 700 mMmn, which is nore than twi ce the conventional cutting rate
of 150 - 200 mimin. Furthernore, it has been confirned that since the heat
of frictionis well dissipated for cooling, the chips are not quenching
bl ue but si lleastwrtteof Feaiidhenrbident fiow ifdlmowdrebatining @irdbikbleshj ected to
a shock due to inpi'ngement on the workpiece 5 or due to rotation of the
tool, mist, nicvingygalongl the rotating peripheral surface and cutter until it

is fed to said region under machining.



be taken into the running coolant liquid if the spouting .pressure is |ow
" or nedium thus little influencing the working environment. Further,. since
.alnost all heat generated is taken -away as the heat af - vaporization of
water, there is little reduction in the conponents of the cool ant- |iquid;

thus, it follows that the re-supplying of coolant liquid requires only
-19- BRIEF DESCRIPTION OF THE DRAWINGS

H"

Fig. 1 is a diagrammatic view showing'fhe basic
constructional principle of the coolant liquid feeding system of
the present invention;

Fig. 2 is a partial sectional view showing the cross—
sectional construction of a coolant liquid feeding nozzle used
in the basic construction of the invention;

Fig. 3 is a view showing a combination of partial sections
taken along the line A-A, B-B, C-C and D-D in the partial
sectional view of Fig. 23

Fig. 4 is a schematic sidehview show;ng a cylindrical veil
and a whirling surface flow of a coolant liquid comihg out of
the coolant liquid feeding nozzlé shown in Figé. 1 through 3;

Fig. 5 is a schematic plan view showing the cylindrical veil
and the whirling surféce flow shown in Fig. U;

Fig. 6 is a plan view showing a typical embodiment of a

. separating aﬁd recovéning tank for coolant liquid;

Fig. 7 is a vertical section taken along the line E-E in
Fig. 6;

Fig. 8 is a perspective view of a_sleeve bundle having a
substantially honeycomb-shaped cross section in the'separating
and recovering tank shown in Figs. 6 and 7;

Fig. 9 is a partial sectional view showing a foreign matter
separating roller construction comprising a rotatable roller and
a blade in the separating and recovering tank_showﬁ in Figs. 6

and 7T;

Fig. 10 is a diagrammatic view showing a first installation



:1§uppL9ing wat er al one or a coolant |iquid of high dilution percentage.
-~ As shown in Figs. 6 and 7, the separating and recovering tank 11 for. the
..coolant liquid is divided into sections and has a plurality (4 in this

case) of sleeve bundle conmunication tanks 37, 38, 39 and 40 di sposed
bet ween an inflow tank 34 '

example embodying the basic constructional principle of the

N

invention;

Fig. 11 is a diagrammatic showing a second installation
example embodying the basic constructional pripciple of the
inveﬁtion;

Fig. 12 is a diagrammatic view showing a third installation
example embodying the basi§ constructional principle of the
invention;

Fig. 13 is a diagrammatic side view showing the outline of
another constructional principle concerning the coolant liquid
supply of the invention;

Fig. 14 is a plan view of a coolant liquid feeding nozzle
used in the arrangement shown in Fig. 13; _

Fig. 15 is a vertical sectional view (a) of a fixed nozzle
'taken along the line F-F in Fig. 14 and a partial sectional
plan view (b) taken along the line G-G therein;

Fig. 16 is a sectional plan view showing'the entire
construction of the coolant liquid feeding nozzle shown in Fig.
1 |

Fig. 17T is a sectional plan view showing a fourth
installation example embodying said another constructional
principle shown in Fig. 13;

Fig. 18 is a sectional plan view showing a fifth
installation example embodying said another constructional
principle shown in Fig. 13; and

Fig. 19 is a sectional plan view showing a sixth
installation example ewbodying said another constructional

principle shown in Fig. 13.



_posiLfoned;innediately bel ow the feed port 14 and an outlet tank 36 having
" a discharge port 35. Between the inlet tank 34 and the first comuni cation
..tank 37, there is opening conmunication provided by a-comunication port

41 having. a | ower edge di sposed slightly above the bottom surface and an
upper edge disposed slightly below the final overflow level, and the
comuni cation tanks_BARHMEDE] %u:u"ﬁ“céu. At ANVENE Ot her through a sl eeve
bundl e 42 hayi ng. a substanti honeyconb- shaped. cross section (Fig. 8).
The latter ciﬁn&ﬁc at savingnikhes 9agye ﬁ%eﬁe%n%ﬁﬁﬁm%&f ghetank 39

communi cate with. each.oth agai n ough,a siml ar nnun cation port 41,
and the JHfFH C%R"ﬁeB “P’bn%[‘%gg%%‘aih{e‘-ﬁg Fe%cﬁnmﬁpc €10

capacity for storing coolant llquld; 2 denotes a coolant pump

(P1) which, in this case, is used to take in air to cause air
bubbles to form in a coolant llquld and feed the llquld to an
annular nozzle 3. The annular nozzle 3, as w1ll be later
described in more detall, is used to downwardly spout the
coolant liqﬁid fed from the pump P1 as a cylindrical veil 4
generally consisting of a spiral flow which is a collection of
particulate turbulent flows to impinge on the surface of a
workpiece 5. The workpiece 5 is cut on a movable table 6 by a
milling tool 7 which, in this case, is a fullback cutter, and a
main spindle 8 supporting the milling tool 7 passes through the
annular nozzle 3. Most of the cylindrical veil 4 of coolant
.liQuid, at its lower end impinging on the workpiece surface,
moves as a whirling surface flow toward the center to_be |
affluently fed to the place of contact between the cutting edge
of the milling tool 7 and the workpiece. 5. After having been
thus fed to the workpiece, the coolant liquid discharged
outside the cyllndrical veil 4 sinusoidally each time its mound
increases travels, together with the portion of the coolant
liquid which has initially been directed outward, via the
workpiece 5 and a movable table 6 to flow down, in thia case,
into a gutter-like outer peripheral pan 9, and is drawn up by a
second coolant pump 2' (P2) through a suction port 10, finally
reaching a separating and recovering tank 11. In £he

separating and recovering tank 11 to be later described in more



ctomuni cate 'with each other through a second simlar sleeve bundle 42.
Flrthef, ‘the final comunication tank 40 and the outlet tank 36 communi.cate
W th each other through_a comunication port 41 such as_pentioned above.
Preferably, in the final conmunication tank 40, there is a foreign matter
arresting belt conveyor 43 having a vertical front at a position opposed
to the outldetani, tthe cdcdant higuibeafizr hheingpbe forkigh makfiarshelt conveyor
bei ng above the level of the coolant liquid surface 44 in the tank and al so
above t he Isshlanfoithendighéps, aegeved therefieom ank. returnedrio ¢adgosed in the

HPRet Iregi?ﬁgiggicapacity tank 1 through a filling port 12.

In the above example of the basic construction, the coolant
liguid supplied as a cylindrical veil Y preferably contains lots
of air bubbles due to the air take-in action of the coolant
pump 2. Therefore, the coolant liguid containing lots of air
bubbles which is fed to the region of contact between the
milling tool T and the workpiece 5 undergﬁes centrifugal force
from the rotation of the tool to a lesé degree due to its lowér
mass, a fact which makes it easier for the coolant liéuid to
penetrate into the toél/workpiece contact region. And in this
case .the splashed liquia created upon the bursting of air
bubbles easily enter into the fine cracks by the action of
acceleration. Further, this arrangement is also superior in
diésipation of heat due to bursting, and the lubricating action
and heat dissipating action thereof, as described above, enhance
the cutting performance of the tool and make it possible to use
a sintered carbide tool to effect cutting with high feed rate.

Of course, the cutting heat is continuously carried away by the
flow of coolant liquid discharged from the region under
machining. The effect of feeding such air bubble~containing
coolant liquid is attained not only by the system of the present
invention forming a whirling flow.through the cylindrical veil
4 but also by a direct nozzle jet flow 13 to the cutting point
as has heretofore been practiced. Further, the operatipn for
causing air bubbles to form in a coolant liquid is effected by

the air take-in action of the pump 2, as described above, but



-20- " the sleeve bundl e-comuni cated tanks 37, 38 and 39 are forelgn
mat t er separating rollers 46 having their |ower ends sllghtly

besides this, it can also be effected, e.g., by making
sufficiently high the head between the récovery pipe pouring
port 14 and the liquid level of the tank 11 and the head between
the filling port 12 at the outlet of the separating and | |
recovering tank 11 and the liquid level of the large-capacity
tank 1 to produce a pouring impact. | '

Fig. 2 shows in detail the sectional construction of the
annular nozzle 3 for coolant liquid. In this éase, the main
portion of the inner peripheral surface of the annular nozzle 3
is supported by thelouter peripheral‘surface.of a main spindle
cover 15. The annular nozzle 3 comprises an inlet annulus 16
at the upper end, an intermediate channel annulué 17, and a
nozzle annulus 19. The inlet annulus 16 forms an annular inlet

. chamber 20 to receive a supply of coolant liquid from the upper
inlet 21. Tﬁe channel énnulus 17 is connected to the inlet
annulus 16 such that its upper end éurface defines the bottom
surface of the inlet chamber 20. And at least one, or in this
case, 6 coolant liquid introducing passages 22 are defined to
extend from the upper and to the lower end, thus defining an
outwardly twisted channel 23 twisted in a unified direction of
rotation at the lower eﬁds of the introducing passages 22. In
the region outside the radial range including the introducing
passages 22 gnd the twist channel 23 in the channel annulus
17, there is a relatively large channel serving as a turbulent
flow forming portion 24. The upper surface of the main bortion
of the bent annulus 18 defines the bottom surfaces of the twist
channel 23 and turbulent flo@ forming portion 24 and, its outer

end, at a position where it forms an annular discharge passage

-16-
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“Submer ged bel ow the cool ant |iquid sugm&aehﬂﬂwnﬁﬁ 4 s at P
"Mat t er adhering to the peripheral sur forei gn nmaF
.separating rollers above the |evel ge 45 of thersiraa

the matter adhering to the upper end glon “of. the bel t conteyisil IHIRIHiE
scraped off by blades 47 and 48 shown in ghanton1llnes. There i s a
sl i ght cl e betecdnetificand dhehowterd peniphmralt vell ofpthe dnorbudénteach rol | er

46, and an oil filmadheres to the surface of the roller 46 until it fills

sai d cl earBleee farmingnpostion 2l rdefiines can wpraedlp Prajecising pagtiaiss of chips
and air

26 and an inwardly turned baqk portion 27. Therefore, the
inward coolant liquid flow twisted in a predetermined direction
of rotation from fhe twist channel 23 impinges on the inner
surface of the upwardly projecting portion 26 of the bent
annulus and is inwardly turned back; detouring around the
inwardly turned back portion 27 to bend outwardly, and finally
flbwing out as a collection of microscopic whirling flows or
tiny turbulent flows downwardly through an annular diécharge
passage. The nozzle annulus.lg is provided-with an inclined
floor surface 30 which defineé an inwardly and downwafdly
inclined nozzle space 29 betweeﬁ the outer wall 28 connected to
the outer wall of the.channel annulus 17 and the lowe; end
surface of the bent annulus 18.; Since the front gp&ﬁéé the
inclined floor'surface 30 is sharply inclined downward, it
follous that the coolant liquid discharged'from the discharge
passage thereabove is rotating and that said coblant liduid is
discharged mostly as a cylindrical ﬁownward spiral flow under
its oun weight.

Fig. 3 is a éombination of horizontal sections showing in
order the flow of coolant liquid in said annular nozzle, wherein
first, at A, the coolant liquid flowing in through the inlet
annulus 21 travels into one vertical introducing passage 22 to
flow downward, and the coolant liquid leaving the iower end of
said introducing passage 22, as shown in B-section, travels
through the twist channel 23, entering the turbulent flow

forming portion 24 as a counterclockwise flow in this case, and



“Bubbl e$ easily deposits on the first-mentioned oil fllmﬁMsmmemmmmn' cedl

“flock or' colony and is scraped off at the bl ade position | S
applicable also to the relation between the belt conveyo | | ade
"48. The ports for communication between the tanks 34 and ‘be _;he
tanks 38 and 39 and between the tanks 40 and 36 serve to check a

preci pi t at gclhgewy dtorbegsedtonher, armde haaralyyasd cugebrdly ifirefit - wei ght
foreign matter to prevent then1fron1f|ownng into the next tank. For

exanpl e, i$ax ftarbulentmilow rformmg portid® 24 to reach the outer

dlscharge passage 31 comnected to the nozzle space 29, from
which discharge passage 31. as shown by arrows in the section D
it travels through the nozzle space 29 until it is discharged
as a spiral flow moving inwardly and then.downwardly, as will
be understood.

Figs. 4 and 5 are views which show in detail the state of
the cylindrical veil 4 and whirling surface flow discharged from
the annular nozzle. As shown in Fig. 4, the coolant liquid
discharged as the cylindrical véil b fallé typically in the
form of a constricted bell-shaped spiral flow as a result of
its self-weight, centrifugal force and rotative speed, and in
cases in which it contains a number of air bubbles, it impinges

. on the surface of the workpiece 5 while assuming a clouding
state. Most of the coolant liquid impinging on the surface of
the workpiece 5 travels in a whirl in the direction of the
spiral rotation toward the center, covering the lower portion of
the tool 7, exhibiting a mound as shown at 32 in Fig. 4. Each

. time the height of the mound increases to a certain level, the
coolant liquid sinusoidally flows outside the veil 4; thus, the
coolant liquid contributes to the lubrication and cooling of
the ;egion of contact between the milling tool 7 and the
workpiece 5 while repeating the ﬁounding. It seems that one
reason why the coolant liquid impinging on the workpiece surface
S forms a whirling flow rather than being scattered is that the
cylindrical vqil is making a spiral or twist rotation as

indicated by arrows 33, and another is that the coolant liquid



“i's dlsposed on the bottomof the inlet tank 34, the sedi
" fenoved by raising said foreign matter reservoir 49 at a

_The sl eeve bundl es 42 -di sposed to extend through the Lgd&?
“and 39, 40 are inclined slightly upward fromthe do {igdda
upstream si de as shown in Fig. 8, and such that as the coolant liquid
proceeds f¢mmxnghaotuﬁbUﬂentrﬁiowexm the annular nozzle results in a

flow of fine particles (a mass of turbulent flow) of coolant

liquid, which flow runs, as it were, sliding on a coolant liquid

film in the form of a similar group of fine particleé formed on

the workpiece surface. Such state in which the region of

contact between the cutting tool and the workpiece is

permanently filled with a coolant liquid phase is a phenomenon

which has heretofore never been fouhd in the conventional direct

spout type nozzle and which gréatly improves the lubricating

and cooling of the region being cut. And if the .coolant liquid

containg air bubbles, said lubricating and cooling effects

brought about by air bubbles are added, further improving the

cutting performance. In cases in which the coolant liquid is

maintained relatively clean by using the separating and

recovering tank, wet cutting using a coated carbide tool can be

effected at as high a rate as 300 — 700 m/min; which is more

than twice the conventional cutting rate of 150 - 200 h/min.

Furthermore, it has been confirmed that since the heat of

friction is well dissipated for cooling, the chips are not

quenching blue but silver white. Further, even if the coolant

liquid is subjected to a shock due to impingement on the

workpiece 5 or due to rotation of the toql, mist, if any, will

be taken into the running coolant liquid if the spouting

pressure is low or medium, thus little inflﬁencing the working

environment. Further, since almost all heat generated is taken

away as the heat of vaporization of water, there is little

reduction in the components of the coolant liquid; thus, it

follows that the re-supplying of coolant liquid requires only
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“'f,ank, ,forei'gn matters_adhering to oil filnms on the air bubbles and tending
“to float inpinge on the upper surface of the sleeve and stay there, but
_.simlar foreign matters inpinge on the same in succession and the latter
increase in dianmeter until they are pushed by the liquid flow and driven
into the downstream tank, where the foreign matters float on the liquid
surface. SUpplyig vaker @1onatark Ascaamic il Hgid) ofabiegh fikutian descri bed

above, adhere to the oil filmon the surface of the roller 46
percentage. \

As shown in Figs. 6 and 7, the separating and recovering
tank 11 for the coolant liquid is divided into sections and has
a.plurality (M.in this case) of sleeve bundle communication
tanks 37, 38, 39 and 40 disposed between an inflow tank 34
positioned immediately below the feed port 14 and an outlet tank
36 having é discharge port 35. 'Bétween the inlet tank 34 and
the first commmication tank 37, there is opening communication
provided by a communication port 41 having a iower edge
disposed slightly above the bottom surface and an upper edge
disposed slightly below the final overflow level, and the
communication tanks 37 and 38 communicate with each other
‘through a sleeve bundle U2 having a substantially honeycomb—
shaped cross section (Fig. 5). The latter communication tank 38
and the next communication tank 39 communicate with each other

- again through a similar communication port 41, and the
communication tank 39 and the next communication tank 40
communicate with each other through a second similar sleeve
bundle 42. Further, the final communication tank 40 and the
outlet tank 36 communicate with each othef through a
communication port 41 such as mentioned above. Preferably, in
the final communication tank 40, there is a foreign matter
arresting belt conveyor 43 having a vertical front at a position
opposed to the outlet of the sleeve bundle 42, thé upper end of
said belt conveyor being above the level of the coolant liquid
surface 44 in the tank and also above the level of the upper

edge U5 of the tank. Further, disposed in the upper regions of



"3nd are carried to the liquid surface, whereupon they are scraped off by

" the bl ade 47. The foreign matters in the coolant |iquid discharged fremthe

.final sleeve bundl e 42-adhere to the vertical surface.of the belt conveyor
opposed to the outlet end of said sleeve bundle and are thereby raised

above the liquid surface and then scraped off by the blade 48. In

addi ti on, thespleave burdbligomiynisatedy tenks 3T esSPeandnifl araxforeign heater 50

positioned on the tank bottom surface, serving.as a heat source for -

reliably me¥seT FPeRRthepLiRyst UPehajfingatheits loHer ndsyl sbightdindl e 42.
{erper at rBPIETESh SR8, heneoaigpls MO SHE %8 WCHiIfd 28mE Eheray be
RN G IVEIR AT PO TR C e VAR e

foreign matter separating rollers above the level of the upper

edge U5 of the tank and the matter adhering to the upper end

region of the belt conveyor L3 are scraped off by bladeé 47 and

48 shown in phantom lines.

There is a slight clearance between each blade U7 and the

upper ends of each roller 46, and an oil film adheres to the

surface of the roller 46 until it fills said clearance énd an

oil film on the surface of an adhering mass of chips and air

bubbles easily deposits on the first-mentioned oil film in the

form of a flock or colony and is scraped off at the blade

position. This remark is applicable also to the relation

between the belt conveyor 43 and the blade 48. The ports for

communication between the tanks 34 and 37, between the tanks 38

and 39 and between the tanks 40 and 36 serve to check a

precipitatedheavy foreign matter and a normally surfacing

light-weight foreign matter to prevent them from flowing into

the next tank. For example, if a foreign matter reservoir 49

is disposed on the bottom of the inlet tank 34, the sediment

can be removed by raising said foreign matter reservoir 49 at a

suitable time.

The sleeve bundles 42 disposed to extend through the tandem
tanks 37, 38 and 39, Y40 are inclined slightly upward from the
downstream to the upstream side as shown in Fig. 8, and such |

that as the coolant liquid proceeds therethrough to the next



féfea[ Jhat the nunber of sleeve bundl e-communicated tanks may be increased
fromthe illustrated 4 to 6 or nore and that if air bubbles are already
present, only two tankswi |l suffice. By the use of the separating and

recovering tank described above, the coolant liquid being recycled is
[r:in Et ?IS nedtacnlke:ag oraetignalnlaté;r‘ge ziahé“fi%éegg | cfirie f Jgin?: r:)inn %hg faitr'h gullnk?{e%e- capacity
and tending to float impingé on the.upper surface of the sleeve
"and stay there, buf similar foreign matters impinge on the same
in succession and the latter increase in diameter until they
are pushed by the liquid flow and driven into the downstream
tank, where the foreign matters float on the liquid surface.

The foreign matters surfacing in each tank, as described
above, adhere to the oil film on fhe surface o% the roller 46
and are cérried to the liquid surface, whergﬁpon they are
scraped off by the blade M?.- The foreign matters in the
coolant liquid discharged from the final sleeve bundle 42 adhere
to the vertical surface of the belt conveyor opposed to the
outlet end of said sleeve bundle and.are thereby raised above
the liquid surface and then scraped off by the blade 48. In
addition, disposed immediately below each sleeve bundle 42 is a
heater 50 positioned on the tank bottom surface, serving as a
heat source for reliably removing the adhering foreign matters
in the sleeve bundle 42. This utilizes the fact that the
viscosity of o0il decreases with increasing temperature. Of
course, the separating and recovering tank 11 may be heated in
its entirety. The arrangement of said separating and
recovering tank is shown by way of example only, and it is
clear that the number of sleeve bundle-communicated tanks may be
increased from the illustrated 4 to 6 or more and that if air
bubbles are already present, only two tanks will suffice. .

| By the use of'the separating and recovering tank described

above, the coolant liquid being recycled is maintained clean at

all times, whereby the cleaning of the large-capacity tank is



T-22- " facilitated, prolonging the renewal period for the cool ant
“liquid. Further, it is clear that since no use of oil adsorbent, paper
filter or the like is +nvolved, the arresting cost can_be reduced.

Figs. 10 through 12 show three installation exanples

facilitated, prolonging the renewal period for the coolant
liquid. Further, it is clear that since no use of oil
adsorbent, paper filter or the like is invoived, the arresting
cost can be reduced.

Figs. 10 through 12 show three installation.examples
embodying the basic constructional principle of the present
invention. A first embodiment has a liquid tank arrangement
different from the basic arrangeﬁent shown in Fig. 1, wherein a
coolant liquid preferably containing air bubbles are fed from a
coolant pump P1 installed directly on a separating and
recovering tank 101 into said annular noézle 3 and an auxiliary
nozzle 102 of conventional type respectively through flow
control valves 103 and 104. The numeral 105 denotes a
workpiece;-106 denotes. a machine body; 107 denotes a milling
tool for milling machines; 108 denotes a main spindle; and 109
denotes a column, and the tank 110 disposed immediately below
the machine body 106 is not gutter-shaped; it is a §ealed type
large-capacity tank, which plays the roles of both a direct
recovery tank and a main tank fér coolant liquid, and a second
coolant pump P2 is installed thereon.

In a Second embodiment shown in Fig. 11, a separating and
recovering seétion 111 is formed within a tank 110' disposed
below a machine body 106, and a recovered coolant liquid drawn
therefrom by a coolant pump P2 is fed to a large-capacity
preparatory tank 112 and is directed to thé region under
machining, the rest of the arrangement being the same as i the
first embodiment shown in Fig. 10.

In a third embodiment shown in Fig. 12, a separating and



enbodyi ng the basic constructional principle of ‘the present invention. A
first enmbodiment has a liquid tank arrangenent different fromthe basic
.arrangenment shown in Frg. 1, wherein a coolant |iquidpreferably
containing air bubbles are fed froma coolant punp Pl installed directly’
on a separating and recovering_tank 101 intqg said annul ar nozzle 3 and an
auxi | i ary rergyeringibantof 18 oniftesedf ot disppsed dapediatalyy belewdde 1 ow
control valves 103 and 104. The_nuneral 105 denotes a workpiece; 106
denot es a"l?&éhﬁ‘%g’o%dwel:w?ﬂa@néﬁﬁ&ewpﬁmd:@k 110" connected

thereto, and a single coolant pump P1 alone is used to feed a
coolant liquid, the rest of the arrangement being-the same as
in the embodiments shown in Figs. 10 and 11. |

Fig. 13 is a diagrammatic side view showing another
arrangement for feeding a coolant liquid according to the
invention. In a lathe shown in Fig. 13, a coolaﬁt liquid nozzle
53 spouts a turbulent coolant liquid containing air bubbles
from its lower end nozzle port of rectangular cross section
over a region extending from the upper peripheral portion of a
workpiece gripping chuck 55 axially to a workpiece 56 and at
least a cutting tool 57. The coolapt liquid impinging on the
chuck 55, the peripheral surface of the workpiece 56 and the
cutting tool 57 forms a flowing film attached to the rotating
peripheral surface with the presence of its turbulent flow and
air bubbles préventing the cooling liquid from being spléshgd,
the coolant liquid being affluently fed to the region of contaﬁt
between the cutting tool 57 and the workpiece 56. In this
system also, the same effeqt_of lubricating and cooling the
contact region as in the case of the nozzle shown in Figs. 1
through 5. Further, if cutting continues according to this
system, the coolant liquid jet flow from the nozzle 53 impinges
on the tool rest located above the cutting tool 57, so that the
coolant liquid is more satisfactorily fed to said contact
region.

Figs. 14 through 16 show the construction of an embodiment

of the nozzle 53. The configuration of the nozzle 53 shown in



t.ool f.or mlling machi nes; 108 denotes a main spindle; and 109 denotes a
colum, and the tank 110 di sposed i nmedi ately bel ow t he machi ne body 106 is
.not gutter-shaped; it -+s a sealed type large-capacity_.tank, which plays
the roles of both a direct recovery tank and a main tank for cool ant
l'iquid, and a second cool ant pu P2 is installed thereon. In a
second entd€i nkdtshonswig wetafylom petupane gaf st ogate RoEEdRS3Eg secti on

recover ed HGoRAHZAIEEY @SR HHRr O] 0600t AN pilip FAISs fed To a
ar ge- Capafciirts,¥,~nozzle -por*.tion 53a and a second nozzle portion Slic both
have at their lower end corner'a nozzle opening 58 whose outlet
section H (Fig. 15) is substantially rectangular, through which
nozzle opening a coolant liquid is spouted downward as seen- in
Figs. 13 through 15 (a). The_numefél 59 denctes a vibrating
element or tongue element of metal-having substantial rigidity
or elasticity inserted in the nozéle opening 58 is adapted to
vibrate or form a flow resisténce in order to cause air bubbles
to fofm in the spouted coolant liquid during the spouting of the
latter. This vibrating element 59, a; shown in Fig. TS, is
fixed only at its ubper end region-GO to the wall surface of
the nozzle opening 58, allowing the coolant liquid to.flow
therearound. A cross section of the_nozzle opening 58 as seen
from the outside is rectangular, as described above, and its
interior is an inlet chamber for coolant liguid, said inlet
chamber communicating with a coolant liquid receiving port 61
in the main body 53b which is integral with the first nozzle
portion 53a. A communication port 62 leading to the receiving
port 61 serves as a turbulent flow_forming section is
constricted to have a smaller cross section than the pertinent
cross-sectional area of the inlet chamber and the receiving
inlet, so that the coolant liquid flowing into the receiving
port 61 passes through this turbulent flow forming section
whereby it flows from the inlet chamber into the nozzle opening
58 as a collection of particulated turbulent flows. The

turbulent flow forming section 62, as shown in Fig. 15 (b),



prreparatory tank 112 and is directed to the region under nachining, the
rest “of the arrangenment being the sanme as i the first enbodi mrent shown in
F%gl 10. In a thi+d enbodi nent shown in Fig. 12, a separating and
has constricted shape through out its periphery, so that the
" coolant liquid flowing into the receiving port 61 first
impinges on the back ridge 63 of the main body to form a
turbulent flow and is then throttled in the éonstricted portion
62, whereby it is discharged through the nozzle opening as é
collection of particulate turbuleﬁt flows as described above.
As shown in Figs. 14 -and 16, the second nozzle portion 53c
is angularly adjustable with respect to the main body portion
53b and the angle between the planes including the vibrating
plates 59 of the two nozzles can be changed to adjust the |
spouting in such a manner as to, e.g., spout the coolant liquid
 at right angles against the peripheral surface of the chuck
positioned below the nozzle 53 dispésed at the fixed position on
the machine.
Figs. 17 through 19 show three insfallation examples using
this second nozzle construction, wherein in each case, two
nozzles 53 are installed fpr two tool rests, and there are
channels for feeding a coolant liquid directly.to these tool
rests 113a and 113b, with flow_control.valves 1fua, 114a' and
114b placed therein. Herein, 108' denotes a main spindle; 201
denotes a separating and recovering tank; 210 denotes a main
tank; and 212 denotes a preparatory fank. The rest of the
arrangement, as long as the one shown in Fig; 17 -is concerned,
is the same as the first embodiment concerning the first
constructional principle shown in Fig. 10.
The embodiments shown in Figs. 18 and 19 have the same
nozzle channels and tool rest feeding channels as in Fig. 17,

the rest of the arrangement being constructed in the same



recoverlng tank 111" itself is disposed i medi ately bel ow the rmachine body
106, with a | arge- capacity tank 110" connected thereto, and a single .
cool ant punp P1 alone +s used to feed a coolant liquid, the rest of the
arrangenent being the same as in the embodi ments shown in Figs. 10 and 11.
Fig. 13 is a diagrammatic side view showi ng another arrangenent for

f eedi ng a mavleames|imthe senopddand) thard eabodiments concerning the

first constructional principle shown in Figs. 11 and 12.

EXAMPLES OF MACHINING.USING THE INVENTIVE SYSTEM

It has been confirmed that the use of the system u51ng the
basic constructional principle of the present invention
provides a sharp reduction in the total cost of the cutting and
milling of machine parts and a high machining precision. That
is, it has been found that remarkable improvements in cooling
performancé and lubricating performance enable high speed high
feed rate machining of thin iron sheets, which would otherwise
easily warp, by using a fullback cutter.

For example, a 12 mm thick, 1212 mm wide, 2424 mm long,
SS400 plate which was generally considered difficult to cut was
successfully cut w1th a main spindle horse power of 15 KW/h, a
cutter diameter of 200 mm, a_cutting depth of 1.3 mm, a cutting
rate of 500 mm/min, and a cutting feed rate of 3,000 mm/min to
5,000 mm/min. As for the tool to be used, it is also possible
to use a commercially available non-coat tip.

If a commercially available coated tip is used, a
commercially avallable non—annealed black-skin iron plate which
was 12 mm thick x 1212 mm x 2424 mm was cut with a main spindle
horse power of 15 KW/h, a cutting depth of 1.7 mm, a cutting
rate.of 400 mm/min, and a cutting feed rate of 3,650 mm/min,
and even if a fullback cutter was used, it was possible to keep
down the warp to within 0.1 mm. Subsequent to the rough
cutting, if the warp is removed and final finishing is effected
by using a flat drag-equipped fullback cutter for finishing, it

becomes possible to increase productivity.



“Tnvent, on. 10 a lathe showmm in Fig. 13, a cool ant liquid nozzle 53 spouts
a turbulent coolant liquid containing air bubbles fromits |ower end.
_hozzle port of rectangul ar cross section over a region extending fromthe
upper peripheral portion of ‘a workpiece gripping chuck 55 axially to a
wor kpi ece 56 and at |east a cutting tool 57. The coolant |iquid inpinging
on the chuckTi cobhentparigph® rfakding frezelofdddsenvbridqyuice abjuatdng he
cutting tool 57 forns a flowing filmattached to the rotating peripheral
surface wiavient i theesaolc denfth tis tharigedennh drdew aod to allow the
coolant liquid to flow directly to the cutting point. This is
very effective for a machine, like a machinihg center, which
always uses tools of different lengths.
Since the coolant liquid flows to the cutting point in close
contact with and along the workpiece surface, the same effect
can be attained not only in a fullback cutter but also in a
drill, endmill, tap and boring operation.

INDUSTRTAL APPLICABILITY

The present invention, in the arrangement described above,
provides a method of preparing a coolant liquid containing air
bubbles superior in lubrication and cooling, a nozzle feeding
system for producing én affluent Supply of coolant liquid to the
cutting point, and a coolant liquid recycling system superior
in a foreign matter separating function, thereby enabling high
precision cutting or milling by feeding such coolant liquid.
The machining rate can be increased-to 1.5 - 3 times and hence
the resulting economic effect is very high. Further, since a
great reduction in the cutting oil cosf and in the tank
cleaning cost can -be expected, there are provided far-reaching
effects in efficiency-improvement,'the easing of environmental
pollution, labor saving, etc. Further, as a coolant liquid, in

some cases, water and a rust-preventive agent alone may be used

to effect cutting.



air bubbles preventing the cooling liquid from being splashed—-%he—eﬁﬁ+aﬁ%——
'I|qU|d belng affluently fed to the region of contact betwe n th od
tool 57 and the workpieee 56. In this systemalso, the_sa e ”
' Iubrlcatlng and cooling the contact region as in the case o H
shown in Figs. 1 through 5. Further, if cutting continues

this systdMATt B® @AEMERtIS:i quid jet flow fromthe nozzle 53 i npinges on "’

the tool rest |ocated above the cutting tool 57, so that the cool ant
liquid is norelsath gesbodraf] feeding 8 eepléntokiquid in a cutting

machine or grinding machine, which is characterized by feeding a -

coolant liquid, with air bubbles caused to form contiﬁuously
therein, for cutting or grinding operation to a region unaer
machining, expediting the splashing of air bubbles in all
directions when the aib bubbles impinge on the region under
machining and burst, and also expediting the entry of |
accelerated splashed liquid particles into a cutter/workpiece
pressure contbct plane, thereby improving the cooling and
lubrication of said region undér machining.

2. A method of feeding a coolant liquid in a cutting
machine or grinding machine, which is characterized by feéding a
coolant liquid, with air bubbles caused to form continuously
therein, for cutting or grinding operation to a region ﬁnder
machining, expediting the splashing of air bubbles in all
directions when the air bubbles impinge on the region under
machining and burst, and also expediting the entry of
accelerated splashed liqbid particles into a cutter/workpiece
pressure contact plane, thereby improving the cooling and
lubrication of said fegion under machining, whereby the air
bubbles in the coolant liquid which has failed to reach the
region under machining or which, though reaching there, has
left there for the recovery channel are allowed to adhere to

~ suspended forelgn matters in the liquid, thereby expediting the
surfacing of the forelgn matters on the liquid.

3. A method for feeding a coolant ligquid to a cutting

machine or grinding machine, which is characterized by

* [+ L M § *
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the nozzl e 53. The configuration of the nozzle 53 shown in ’"ﬂl

Figs. 14 through 16 show the construction of aRssh

i ml I fm

installing an annular nozzle for coolant liquid above a mllllng
tool or grinding tool connected to a vertical main spindle so
that it faces downward at a substantially coaxial positioﬁ, the
inner wall of said nozﬁle which extends to its discharge port
being formed with a curved surface and a twist channel for
producing a turbulent flow, whereby the coolant liquid being
fed is discharged downward through said discharge port generally
as a spiral flow which is a collection of particulate furbulent
flows, thereby forming a cylindrical veil of spiral flow of
coolant liquid which surrounds said milling tool or grinding
tool and whose lower end reaches the surface of the workpiece,
at least a part of said spiral flow being caused to move from
the lower end of said cylindrical veil élong the surface of the
workpiece in a whirl toward the central region until it is fed
to the region under machining which is in contact with the

milling tool or grinding tool, the at least a part of said

- spiral flow -being discharged outside said cylindrical veil

together with chips and heat of friction and diffused along the
workpiece surface.

4. A method as set forth in Claim 3, which is characterized
in that air bubbles are caused to form continuously in the
coolant liquid being fed to said cylindrical nozzle.

5. An anpular nozzle for dounwardly discharging coolant
liquid adapted to be installed above and coaxial with a milling
tool or grinding tool connected to a vertical main spindle,
said nozzle comprising:

a) an inlet annulus defining an annular inlet chamber,

b) a channel annulus disposed axially adjacent said annular

AR
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Fi.g9. 13 shows the relation between a first nozzle portion 5§'ssﬂﬁﬁh§B&

body ‘53b in the right-hand side of Fig. 14. This first nozz
and a second nozzle portion 54c both have at their | ower en
'nozzl e opening 58 whose outlet section H (Fig. 15) is subst

rectangul ar, through which nozzle opening a coolant liquid is spouted
downwar d asnéeénﬂmmbeﬁiQ$@lm$umhabubﬁﬁﬁ5t@a)uﬁihduuun§maSs&gaﬂenotes a

vi brating

I'ﬁiliﬁed

el ement or tongue el enent of netal having substantial rigidity

communicating with said inlet chamber at axisymmetrical
positions, outward or inward twist channels respectively
communiéating with said introduciﬁg passages and twisted in a
unified direction, and annular turbulent flow forming portions
communicating with the terminal ends of said twist éhannels, and

c) nozzle annulus communicating with all annular area of
said turbulent flow forming portions in said channel annulus and
defining an annular nozzle space which opens in a downward and
inward or outward directioh,

d) wherein the channel wall extending: from said turbulent
flow forming portions in said channel annulus fo said nozzle
space is formed with at least one bent surface radially bent
back for formation of turbulent flow, whereby the coolant
liquid fed is discharged from said nozzle space generally as a
spiral flow which is a collection of particulate turbulent
flows, forming a substantially cylindrical veil which consists
of said spiral flow and which surrounds said milling tool or
grinding tool.

6. A separating and recovering apparétqs for coolant liquid
in a cutting machine or grinding machine for collecting a
coolant liquid fed to a region under machining and separating
impurities therefrom and then discharging it, said separating
and recovering device comprising;

a) an inflow tank for receiving a coolant liquid after the
latter has been used;

b) a row of sleeve bundle-communicated tanks comprising at

least one set of two connected tanks dispésed downstream of -or

* c L N s @ *
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forma flowresistance in order to cause air bubbles to for

“or: eIasiLcify,inserted I n the nozzl e opening 58 is adapted'ﬁﬁw
.Sspouted cool ant |iquid*during the spouting of the |latter.

7\
s e

M

el enent 59, as shown in Fig. 15, is fixed only at its upper end. regio

to the wall surface of the nozzle opening 58, allow ng the coolant |iquid
timeoeporabing hanedps saidt inhlayf tank, whereén opaleave 38inddeseen

fromthe outside is rect%;aular, as descri bed above, and its interior is

to fl ow

“an inlet dWYADEra rsybstand

iy | hapgyeonksdiike; eregs section and
extending through a partition wall between said two connected
tanks is disposed extending from the upstream tank to the
downstream téﬁk and facing somewhat upward, _

c) a row of opening communicated tanks comprising at least
one set of two comnected tanks disposed downstream of -or
incorporating therein- said inflow tank, wherein a communication
port formed in a partition wall between said two connected
tanks has a lower end edge disposed at a slightly higher level
than that of the tank bottbm and an upper end edge disposed at
a lower level than the normal liquid level set to the final
overflow level,

d) an outflow tank which is a final tank connected through
said sleeve bundle or sa;d oﬁening to the rear end tank in a
plurality of series connected tanks comprising a combination of
said sleeve communicated tank row and said opening communicated
tank row, said outflow tank having an overflow port for
discharging the separated and recovered coolant liquid at said
final 6verflow level,

e) a foreign matter separating roller including a rotatable
roller having a horizontal axis installed in at least one of
the plurality of tanks ranging from said inflow tank to said
outflow tank, said roller being partially immersed in the
coolant liquid in the ét least one tank.and combined with a
deposit-scraping blade having a front edge opposed to the
portion of the rollgr surface exposed above the liquid level,

with a very narrow clearance defined between the exposed

* < L L] S *

— 3 9 —



—_—

*~thanber cormunicating with a cool ant |iquid receiving pord. Iln the main

body 53b which is integral with the first nozzle portion ¢ Jas Been Replaced

comuni cation port 62teading to the receiving port 6% s Iﬂml u ’
“"turbulent flow forming section is constricted to have a | |

section than the pertinent cross-sectional area of the inlet chamber and

t he recei \BOfgionmithesoollient sutfeceoandumaid blade,f | owi ng into the receiving

port 61 passes.through this turbulent flow form ng section whereby it

flows from thd)inthe UpKardedopataf saad ieeve bwdliengeing such taht

masses of air bubbles, having foreign matters such as chips

ce

adhering thereto, in the coolant liquid flowing from the low-
level inlet iﬁ said sleeve bundle in the upstream tank are
caused by the action of buoyancy to abut against the respective
ceiling surfaces of the sleeves and while these masses of air
bubbles are étaying in the sleeves, they are integrated with
subsequent masses to become increased in size, whereby said
masses are pushed by the liquid flowing into the sleeves to move
to the high-level outlet in the ceiling surface, said masses
being discharged from said outlet into the coolant liquid phase
in the downstream tank and finally surfacing.

7. An apparatus as set forth in Claim 7, characterized in
that on the bottom of each of saild sleeve cbmmunicated tanks,
there\ié installéd a heater for héating said sleeve bundle
positioned thereabove.

8. An apparatus as set forth in Clai@ 6, characterized in
that in the downstream tank in said at least one set of two
connected tanks'in the sleeve bundle communication, there are
installed a foreign matter arresting belt having a vertical
ascending surface opposed to the high-level outlet in said
sleeve bundle and a vertical descending surface turned back from
the upper end of said vertical ascending surface projecting
above the liquid surface, and a blade opposed to said vertical
‘descending surface extending from the upper end of said belt to

the liquid surface for scraping foreign matters adhering to the
belt. |

R




————

"'B8 as, a col'l ection of particul ated turbulent flows. The t¥£ | ent flow
forn1ng section 62, as shown in Fig. 15 (b), o “khs Been

: - (W

9. A method of feeding a coolant liquid for a lathe,
comprising the steps of positioning a nozzle above the work
holding chuck of the lathe, said nozzle including discharge port
of substantially rectangular cross section and a constricted
curved surface portion on its inner wail extending to said
discharge port for producing a turbulent flow, and also
including a loosely mounfed tongue piece of rigid or elastic
material crossing the section of said discharge port and
projecting outward, whereby said nozzle is arranged such that a
coolant liquid received through the inlet disposed upstream of
said constricted curved surface portion is discharged from said
discharge port as a collection of particulate turbulent flows
containing air bubbles drawn into the coolant liquid as the
latter passes by said tongue piece, said cross section of the
discharge port of said substantially rectangular section being

" disposed substantially orthogonal to the plane containing the
main axis of the lathe and facing obliquely downward deviated
in the direction ip which the workpiece projeqts, whereby the
coolant liquid discharged from said nozzle is caused to impinge
on a region axially extending from.the tép of the peripheral
surface of said chuck to at least the region under machining, so
as to from turbulent flow film of coolant liquid containing air
bubbles surrounding the chgck and the peripheral surface of the
workpiece, at ieast pa?t of said turbulent flow containing air
bubbles being caused to move aloqg the chuck surface and
workpiece surface so as to be fed to the region under machining
which is in contact with the cutter and then flow out toward

the coolant liquid recovery channel together with chips and heat
————— _
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"has copstri cted shape t hrough out its periphery, so that the cool ant
liquid fl'owing into the receiving port 61 first inpinges oWi$ BEEERUAS BERe
63 of the main body to-forma turbulent flow and is then throtRER&E4CFR t he

constricted portion 62, whereby it is discharged through ﬁg.
opening as a collection of particulate turbulent flows asiﬁgéﬂmﬁ ﬁﬂﬂ“‘e
As shown iﬁfFﬁggilQﬂ-and 16, the second nozzle portion 53c Is angularly
adj ustable with respect to the main bady portion 53b and the angl e between
the planes inclQdi Agnethedyasseti hgrth in Claim 9, characterized in that
' two nozzles having a discharge port having said substantially

rectangular cross section are disposed side by side, and

turbulent flow of said coolant liquid containing air bubbles is

caused to impinge on the peripheral surface of said chuck as two

adjacent parallel discharge flows.

11. A coolant liquid feeding nozzle for a lathe comprising:

at least one nézile having a discharge port of substantially

rectangﬁlar section and having a tongue piece of rigid or
elastic material crossing the setiph of said discharge port and
projecting outside, said discharge port and projecting outside,
said tongue piece being loosely mounted in said discharge port

~a main bédy having a feed chamber communicating with said at
least one nozzle, and a coolant receiving inlet in said feed
chamber,
the inner wall §f the feed chamber extending from said receiving
port to said discharge port and the inner wall of the nozzle
being formed with a constricted curved surface portion, whereby
the coolant liquid received from said receiving port is
discharge from said discharge port as a collection of
particulate turbulent flows containing air bubbles drawn into
the coolant liquid as the latter passes by said tongue piece,
the discharge flow of this coolant liquid being cause to impinge
onlthe rotating peripheral surface continuous with the region
under machining which is in contact with the cutter and also

impinge on the cutter to form a turbulent flow film containing

R
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Pl at es. 59 of the two nozzles can be changed to adjust the s HasBesh4Ghh ceq

a manner as to, e. g., spout the coolant liquid at right angl
_peripheral surface of +he chuck posi ti oned bel ow t he nozzl e '
the fixed position on the machine. Figs. 17 through 19 show'thre
i nstallation exanples using this second nozzle construction, mhereln in
each case,aimwbubbley,| et Iehsir parmstfakéiadl furbulemt tfdow fEst s, and there are
channels for feeding a coolant liquid directly to these tool rests 113a

and 113b, e@ntainirgvadonbubiileganmeingl adong maro’@a‘tdnglmnmhareh t herein.
Herein, 108" denotes a main spindle; 201
surface and cutter until it is fed to said region under

machining.

12. A nozzle as set forth ip Claim 11, characterized in
that two said'nozéles are disposed side by side, one nozzle
being fixed to said main body, the other being angularly
adjustably connected to said main body, whereby two discharge
flouws of coolant liquid from said two nozzles are caused to

impinge on said rotating peripheral surface at substantially

right angles therewith.

e
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“tenotes, a separatlng and recovering tank; 210 denotes a main tank; and 212
denoté‘?ls edank. The rest of the arr A t+orgqas the
_one sho ﬁr i is concerned, is the sanme a@ g ETEKS di ment .
concer constructlonal principle shown The

enbodlnents shown in Figs. 18 and 19 have the sane nozzle channels and

tool rest feeding channels as i rABSTGACT 7, the rest of the arrangenent
bei ng constructed in the sane

A coolant liquid feeding method comprises feeding a coolant

liquid, with air bubbles caused to form continuously therein,
for cutting or grlndlng operatlon to a region under machining,
expediting the splashing of air bubbles in all directions when
the air bubbles impinge on the region under machining and burst,
and also expediting the entry of accelerated splashed liquid
particles into a cutter/workpiece pressure contact plane,
thereby improving the cooling and lubrication of the.region
under machining, whereby the air bubbles in the coolant liquid
which has failed to reach the region under machining or which,
though reaching there, has left there for the recovery channel
are allowed to adhere to suspended foreign matters in the
liquid, thereby expediting the surfacing of the foreign
matters.

The coolant liquid is discharged downward generally as a spiral
flow which is a bollectidn of particulate turbulent flows,
thereby forming a cylindrical veil of coolant liquid which
surrounds the milling tool or grinding tool and whose lower end
reaches the surface of the workpiece, at least part of the
spiral flow being caused to move from the lower end of the
cylindrical veil along the surface of the workpiece iﬁ a whirl
toward the central region until it is fed to the region under

machining which is in contact with the milling tool or grinding

tool.



T-26- ~ manner as in the second and third embodi nents concerning the
first constructional principle shown in Figs. 11 and 12. EXAMPLES
_OF MACHI NING USI NG THE | NVENTI VE SYSTEM

Fig. 1
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If‘has“been confirmed that the use of the systemusing the basic
constructional principle of the present invention provides~amsngLQ__i_____~__
~reduction in the total cost of the cutting and nilling of machine parts

and a high machining precision. That is, it has been found ¥ eet HastebiibhbRced
i nprovenments in cooling performance and |ubricating perform
hi gh speed high feed rate nmachining of thin iron sheets, whi

g

otherwise easily warp, by using a fu)back cutter. For- exanpl e;:
mm t hi ck, 1212 nmm wi de, 2424 mm | ong, '

Fig. 2
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§§400 pt at e thch was generaliy considered difficult to cut was
successfully cut with a main spindle horse power of 15 KWh, a cutter

di-aneter of 200 mm a cutting depth of 1.3 nm a cutti ng—+rate—of 5060
mimn, and a cutting feed rate of 3,000 Mmimn to 5,000 mim

mmn. As for
the tool to be used, it is also possible to use a conmer dpigShect Has laced
non-coat tip.- . If a conmercially available coated tip i
commerci ally avail abl e non-anneal ed bﬁggk-skin iron plate A 1N s

in spindle

thick x 1212 nm x 2424 mm was cut wit

Fig. 3




horse power of 15 KWh, a cutting depth of 1.7 mm a cutting rate of 400
.M mn, and a cutting feed rate of 3,650 mimn, and even if a fullback
‘cutter was used, it was possible to keep down the warp to within 0.1 nm
Subsequent to the rough <cutting, if the warp is renoved and fi nal
finishing is effected by using a flat drag-equipped fullback cutter for
finishing, it beconmes possible to increase productivity.

16

Fig. 4

Fig. 5




TI7- . : The cool ant |iquid feeding nozzle does not require

. adjusting even if the tool length is changed.in order not to allow the
.Loolant liquid to flowdirectly to the cutting point. This is very
effective for a machine, |ike a machining center, which

e
Fig. 6
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always.uses tqols of different |engths. Since the coolant liquid flows
to the cutting point in close contact with and al ong the workpi ece .
surface, the sane effect  can be attained not only in a fullback cutter but
alsoina drill, endmlIl, tap and boring operation.

| NDUSTRI AL APPLI CABI LI TY The present invention, in the arrangenent
.descri bed above, provides a nethod of preparing a coolant |iquid
containing air bubbles superior in Iu?;}cation and cooling, a nozzle

f eedi ng 16

Fig. 8

Fig. 9 46

41
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"system for producing an affluent supply of coolant liquid to the cutting
point, .and a coolant |iquid recycling systemsuperior in a foreign matter
.Separating function, thereby enabling high precision cutting or- mlling by
feedi ng such coolant liquid. The machining rate can be increased to 1.5 -
3 tinmes and hence the resulting economc effect is very high. Further,
since a great reduction in the cutting oil cost and in the tank cl eaning
cost can be expected, there are provﬂggﬁ&far-reaching effects in
e

efficiency inprovenent, the easing of i ronnent al
Fig. 10
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pal | ut Lon, I"al:_gor saving, etc. Further, as a coolant liquid, in sonme cases,
water and a rust-preventive agent alone nay be used to effect cutting. .
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A Engl.,i‘sb_h translation of the amended clains which was subnitted under PCT
Article 19(1) WHAT IS CLAIMED | S: 1. (deletion) 2. (deletion)
3. A nmethod for feeding a coolant liquid to a cutting

e

Fig. 12
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spindle
nozz nozzle |
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vy oA

machi ne or grinding nmachine, which is characterized by installing an
annul ar nozzle for coolant liquid above a mlling tool or grinding tool
connected to a vertical main spindle so that it faces dowward at a
substantially coaxial position, the inner wall of said nozzle which extends
to its discharge port being forned with a curved surface and a tw st

channel for producing a turbulent flow, wher the coolant liquid being
fed i s discharged downward t hrough said disc g e port generally as a
spiral flow which is a collectiron of particulaté turbulent flows, thereby
formng a cyIindFﬁgallgeil of spiral flow of coolant |iquid which surrounds
said mlling tool or grinding tool and whose | ower end reaches the surface
of the workpiece, at least a part of said spiral flow being caused to nove
fromthe lower end of said cylindrical veil along the surface of the




workpiece in a whirl toward the central region until it is fed to the
regi on under machining which is in contact with the mlling tool or
grinding tool, the at |least a part of said spiral flow being discharged
outside said cylindrical veil together with chips and heat of friction and
di ffused al ong the workpiece surface. 4. A method as set forth in
Claim3, which is characterized

Wi

Fig. 14

53a

59




et

=297 e An that air bubbles are caused to formcontinuously in the
coolant liquid being fed to said cylindrical nozzle. 5. An annul ar
-nozzl e for downwardly di schargi ng cool ant liquid adapted to be installed
above and coaxial with a mlling

26
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t ool "or *grd ndi ng tool connected to a vertical main spindle, said nozzle
conpri si ng: a) an inlet annulus defining an annular inlet chanber,
by--~a channel annul us di sposed axially adjacent said annul ar i nl et '
chanber, including at | east two introduci ng passages comuni cating with
said inlet chanber at axisynmetrical positions,- outward or inward tw st
channel s respectively communi cating with said introduci ng passages and
twisted in a uni fied direction, andﬂ@ﬂnular turbulent flow formng
portions comuni cating with the ternndf ends of said twi st channels, and
c) nozzle annulus communicating with all annul ar area of sai d turbul ent
flow formng_portions in said channel annul us and defining an annul ar
nozzl e space &Efcﬁsopens in a downward and

/7 A
N xY 53)




"nviat d -or, outward direction, d) wherein the channel wall extending

fromsaid turbul ent flow formng portions in said channel annulus to
said nozzle space is forned with at | east one bent surface radially bent
back for formation of turbulent flow, whereby the cool ant liquid fed is
di scharged from said nozzl e space generally as a spiral flow which is a
col l ection of particulate turbul ent flows, formng a substantially
cylindrical veil which consists of sd ]épiral fl ow and whi ch surrounds
said mlling tool or grinding tool: 6. A separating and
recovering apparatus for coolant liquid
Fig. 17
/
1 éﬁ '
nozzle 1130 L 1]4b P
ss| 7 1
- 1144 /
nain j/ | S
spindie _ \'
N\
108 __r'\__HBb PZ
nozzle L~
53

3

210 20]



-30-*"#-" . im a cutting machine or grinding machine for collecting a
coolant liquid fed to a region under machining and separating inpurities
therefrom and then discharging it, said separating and recovering device
conpri si ng; :

15/16

Fig. 18
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&)j-an:knflow tank for receiving a coolant liquid after the latter has been
ysed:; b) a row of sl eeve bundl e-conmuni cated tanks conprising at

Jleast ane set of two connected tanks di sposed downstream of -or

i ncorporating therein- said inflow tank, wherein a sleeve bundle having a
substantially honeyconb-|like cross section and extending through a
partition wall between said.two connected tanks is di sposed extending from
the upstreamtank to the dommstrean1quk and facing sonmewhat upward, c)
-a row of opening conmunicated tanks cdndé sing at | east one set of two
connect ed tanks di sposed downstream of -or

Fig. 19
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i ncorporating ‘therein- said inflowtank, wherein a communication port
formed in a partition wall between said two connected tanks has a | ower end
edge di sposed at a slightly higher level than that of the tank bottom and
an upper end edge disposed at a |ower level than the normal liquid |evel

set to the final overflow |evel, d) an outflow tank which is a final
tank connected through said sleeve bundle or said opening to the rear end
tank in a plurality of series connected tanks conprising a conbination of

sai d sl eeve communi C@{.&glgg{% o@w zﬁ‘é}ﬁméﬁt }H%neégg s%gm@ geat ed tank row,
sai d outflow tank ha‘\m[fg;. PETCM‘% \clplpgfl d\'I 28 arging the separated
I qu i na

and recovered cool ant at sal overflow | evel ,

1. Indication of the Matter: PCT/JP97/00373
2. Applicant:
Name : Zeta Heiwa 1td.
Address: 71-3, Yamamotocho 2-cho, Sakai-shi, Osaka 590 JAPAN
3. Attorney: TAKEISHI, Yasuhiko
4. To be amended: Specification and Drawings
5. Contents of Amendments:
(1) In the specification, page 10, line 9 from the bottom,
change “the front end of the inclined floor surface 30%
to —the front end 31 of the inclined floor surface 30--;
(2) TIn the specification, page 10, from last line to page 11, line 1,
change "passage 31" to —-clearance 25—;
(3) Fig. 2 changes as indicated in the attached sheet;
(4) Fig. 3 changes as indicated in the attached sheet.
6. Attached documents:

Specification pages 10 and 11, Figs. 2 and 3
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the plurality of tanks rangi ng fron1sa|d inflow tank to said
sdi d roll'er being parti

a|l d |n the; 00] l i in the at -
one tank and conbi ned vmﬁjf‘% ﬁ i %dﬁ% a front edge
opposed to the portlon b R 9““3%5 he liquid

| evel ,
of the roII

/\IJUOU

out f | ow t ank,

| east

abeY r?gl %xear e def dl) hf?ﬁ\%‘?gtem portion

sai d

it Z?sbiﬂgﬁ‘ig‘ée%ﬁ"”ség ?&r’é??%g?ﬁéf g %%é*ﬁ%ﬁe?@ﬁ}nﬁ% BRABR g v om

the |ow* | ev ahd!f 1hireRlydohRRl bRk eitd 21° HRNUERRE, tapk are

inward coolant liquid flow twisted in a predetermined direction
of rotation from the twist channel 23 impinges on the inner
surface of the upwardly projecting portien 26 of_the bent
annulus and is inwardly turned back, detoufing_around the
inwardly turned back portion 27 to bend outwardly, and finally
flowing out as a colleetion of microscopie whirling flows or.
tiny turbulent flows downwardly through an annular discharge
passage. The nozzle annulus 19 is provided with an inclined
floor surface 30 which defines an inwardly and downkafdly
inclined nozzle spaee 29 betweee the outer wall 28 connected to
the outer wall, of'the‘channel annulus 17 and the lower end
surface of the bent annulus 18.\ Since the front en 4f the
inclined floor surface 30 1§ sharply inclined downward, it
follouws that the coolant liquid discherged.from the discharge

passage thereabove is rotating and that said coolant liquid is

" discharged mostly as a cylindrical downward spiral flow under

its own weight.

Fig. 3 is a.eombination of horizontal sections showing in
order;the flow ef coolant liquid in said annular nozzle, wherein
first, at A, thezcoolant liquid flowing in through the inlet
annulus 21 travels igto'one vertical introducing passage'22 to
flow downward, and the coolanf liquid leaving the lower end of
said introducing passage 22, as ehown in B-section, travels
through the twist channel 23, entering the turbulent flow

forming portion 28 as a counterclockwise flow in this case, and
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- caused, by the action of buoyancy to abut against the respective ceiling
surfaces of the sleeves and while these masses of air _bubbles are staying

in the sleeves, they afe integrated with subsequent masses to becone

i ncreased in size wher eby said nasses are pushed by the I|qU|d fl ow ng

into the : h f
;aid nasszgﬁggﬁﬁé%gigﬂﬁgfgga&?SBn?%gFggﬁu%T&¢V ? e co ﬁgk?p?|33rdagﬁase

in the dowgsir yp@%q C t@pparatus as set
forth in C a?mﬁlgfﬂ%égg S f‘bﬂ%‘nlkn l&? %ﬁg%chge%%?taoim 6? each of said

3l Sove oneshericgatedie Sic celiReted 1o UhboheL RN o0, Bral e o th i
G aim 6, olfsbichc ﬂfﬁdha@éémﬁhssage*gﬁg’ég shown by arrows in the section D
. it travels through the nozzle space 29 until'it is discharged
as a spiral flow moving inwardly and then-downwardly, as wiil
be understood.

Figs. 4 and 5 are views which show in detail the stéte of -
the cylindrical veil 4 and whirling surface flow discharged from
the annular nozzle. As shown in Fig. 4, the coolant liquid
discharged as the cylindrical véil 4 fa;lé typically in the
form of a constricted bell-shaped spiral flow as a result of
its self—weight? centrifugal force'and rotative spegd, and in
cases in which it contains a number of air bubbles, it impinges
on the surface of the workpiece 5 while assuming a clouding
state. Most of the coolant liquid impinging on the surface of
the workpiece 5 travels in a whirl in the direction of the
spiral rotation toward the center; covering the lower portion of
the tool 7, exhibiting a mound as shown at 32 in Fig. 4. Each
time the height of the mound increases to a ceftain level, the
coolant liquid sinusoidally flows outside the veil U; thus, the
coolant liquid contributes to the lubrication and cooling of
the ;egion of contact between the milling tool 7 and the
workpiece 5 while repeating the ﬁounding. It seems that one
reason why the coolant liguid impinging on the workpiece surface
5 forms a whirling flow rather than being scattered is that the
cylindrical vgil is making a spiral or twist rotation.as

indicated by arrows 33, and another is that the coolant liquid

~
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t hat."i'n the downstreamtank in said at Ieast one set of t wo connect ed
tanks in the sleeve bundle conmuni-cati on, ‘there are
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install'ed™a foreign matter arresting belt having a vertical ascending
surface opposed to the high-level outlet in said sleeve bundle and a
vertical descending surface turned back fromthe upper end of said verti cal
ascendi ng surface projecting above the liquid surface, and a bl ade opposed
to said verti-cal descending surface extending fromthe upper end of said
belt to the liquid surface for scrapin oreign matters adhering to the
bel't. 9. A nethod of feeding a cookgné?liquid for a | athe, conprising
the steps of(Bdsltioning a nozzle above tfe work hol di ng chuck of the

| at he, said nozzle including discharge port :




““ﬂmmnlm il y rectangul ar cross section and a constricted curved
lﬂﬂl"ﬂ”k on its inner wall extending to said discharge port for

* prfodticithg %2 trurbul ent .fl ow, and al so including a | oosely nounted tongue
piece of rigid or elastic materi.al crossing the section of said discharge

Cootamt 1 Pl POSEel ST ol Mol e, B 0, L

constrictg@wﬁ%ﬁggqﬂﬁg&fggpAB@@&%%pék§)discharged fromsaid di scharge port

as a coll on of particul at ulent flows containing air bubbles drawn
into the coolant liquid as the latter passes by said tongue piece, said
cross section of the discharge port of said substantially rectangul ar

section DRHA® IS CLAIMED IS:

1. (deletion)

2. (deletion)

3. A method for feeding a coolant liquid to a cutting
machine or grinding machine, which is characterized by
installing an annular nozzle for coolant liquid above a milling
tool or grinding tool connected to a vertical main spindle so
that it faces downward at a substantially coaxial position, the
inner wall of said nozzle which extends to its discharge port
being formed with a curved surface and a twist channel for
producing a turbulent flow, whereby the coolant liquid being
fed is discharged downward through said discharge port generally
as a spiral flow which is a collection of particulate turbulent.
flows, thereby forming a cylindrical veil of spiral flow of
coolant ligquid which surrounds said milling tool or grinding
tool and whose lower end reaches the surface of the workpiece,
at least a part of said spiral flow being caused to move from
the lower end of said cylindrical veil along the surface of the
workpiece in a whirl toward the central region until it is fed
to the region under machining which is in contact with the
milling tool or grinding tool, the at least a part of said
spiral flow being discharged outside said cylindrical veil
together with chips and heat of friction and diffused along the

workpiece surface.

4, A method as set forth in Claim 3, which is characterized



tially orthogonal to the plane containing the main axis of
mnmm‘ﬂ“ﬂwwm ng obliquely downward deviated in the direction in.which
tthewok kpl ece proj ects, .whereby the coolant |iquid drscharged from said
nozzle is caused to inpinge on a region axially extending fromthe top of

the periphgrMat air bubbles are caused to form continuous$y in the
coolant liquid being fed to said cylindrical nozzle.

5. An annular nozzle for downwardly discharging-coolant
liquid adapted to be installed abové and coaxial with a milling
tool or grinding tool connected to a vertical main spindle,
said nozzle comprising: |

a) an inlet annulus defining an annular inlet chamber,

b) a channel annulus disposed aiially adjacent said annular
inlet chamber, including at least two introducing passages
communicating'with said inlet chamber at axisymmetrical
positions, outward or inward twist channels respectively
communicating with said intréducing passages and twisted in a
unified direction, and annular turbulent flow forming portions
communicating with the terminal ends of said twist channels, and

¢) nozzle annulus communicating with all annular area of
said turbulent flow forming portions in said channel annulus and
defining an annular nozzle space which opens in a downward and
inward or outward direction,

d) wherein the channel wall extending from said turbulent
flow forming portions in said channel annulus to said nozzle

~ space is formed with at least one bent surface radially bent
back for formation of turbulent flow, whereby the coolant
liquid fed is discharged from said nozzle space generally as a
spiral flow which is a collection of particuiate turbulent-
flows, forming a substantially cylindrical veil which consists
of said spiral flow and which surrounds said milling tool or
grinding tool.

6. A separating and recovering apparatus for coolant liquid



surfac ' uck to at |east the region under machining, so as to from
t”ﬂﬂ!ﬂ@imﬂ‘muﬂjm of coolant liquid containing air bubbles surrounding
tiik s per ipheral surface of the workpiece, at |east part of
said turbulent flow containing air bubbles being caused to nove al ong the

chuck surf.ace and. workpi.ece surface so as. to.be f tp.the region under
machi ni ngm\/\ﬁi%urrl\'q-’llggi .c@&ﬂ?a‘m gwqcﬁmtgh@a eﬁoﬁrﬁ?ﬁﬂ'ﬁg 18 6w out toward
coolant liquid fed to a region under machining and separating
impurities therefrom and then discharging it, said separating
and recovering device comprising;

a) an inflow tank for receiving a coolant liquid after the

latter has been used;

b) a row of sleeve bundle-communicated tanks comprising at
least one set of two connected tanks disposed downstream of -or
incorporating therein- said inflow tank, wherein a sleeve bundle
having a substantially honeycomb-like cross section and
extending through a partition wall between said two connected
tanks is disposed extending from the upstream tank to the
downstream tank and facing somewhat upward,

c) a row of opening communicated tanks comprising at least
one set of two connected taﬁks disposed downstream of -or
incorporating therein- said inflow tank, wherein a communication
port formed in a partition wail between said two connected
tanks has a lower end edge disposed at a slightly higher level
than that of the tank bottom and an upper end edge disposed at
a iower level than the normal liquid level set to the final
overflow level,

d) an outflow tank which is a final tank connected through
said sleeve bundle or said opening to the rear end tank in a
plurality of series connected tanks comprising a combination of
said sleeve communicated tank row and said opening communicated
tank row, said outflow tank having an overflow port for

discharging the separated and recovered coolant liquid at said

final overflow level;



“mm M)m uid recovery channel together with chips and heat of
ﬂ l,"ﬂo A nmethod as set forth in Claim9, characterized in.that
*twb nozAM es having a-di scharge port having said substantially rectangul ar
cross section are disposed side by side, and turbulent flow of said cool ant

urface of o8] oScreloRREY PR B Al eEPiA0eRe L TPRERRBIE T, 4
cool ant 'rbﬂféxdﬂag?ﬁj%%ghe?%n%afl ﬁgﬂ% IGATRE 1 Ag: qne ofl least one
nozzl e having a har'ge port su antialTy 1eC ngu ar “section and

havi ng athanghfahefF Sfotaiitd! irégelf‘?éﬁx' ARG AF] ” Scﬁséd agjhhe setion of

sai d di scharge port” and proj ect out si de, sal arge port and

glrgJC ﬁgég&ggﬁwﬂﬁk slid FOTIGRehRLRs PabiAy oaRaisedmpydRd i n said
coolant liquid in the at least one tank and combined with a
deposit-scraping blade having a front edge opposed to the
portion of the roller surface exposed above the liquid level,
with a very narrow clearance defined between the exposed
portion of the roller surface and said blade,

f) the upward slope of said sleeve bundle being such taht
masses of air bubbles, having foreign matters such as chips
adhering thereto, in the coolant liquid flowing from the low-
level inlet in said sleeve bundle in the upstream tank are
caused by the action of buoyancy to abut against the respective
ceiling surfaces of the sleeves and while these masses of air
bubbles are staying in the sleeves, they are integrated with

. subsequent masses to become increased in size, whereby said
masses are pushed by the liquid flowing into-the.sleeves to move
to the high-level outlet in the ceiling surface, said masses
being discharged from said outlet iﬁto the coolant liquid phase
in the downstream tank and finally surfacing.

7. An apparatus as set forth in ClaimQEE/characterized in
that on the bottom of each of said sleeve communicated tanks,
there is installed a heater for heating said sleeve bundle
positioned thereabove.

8. An apparatus as set forth in Claim 6, characterized in

that in the douwnstream tank in said at least one set of two

connected tanks in the sleeve bundle communication, there are



' ing a feed chanmber communicating with said at | east one
”'W"Q‘n%lgmool ant receiving inlet in said feed chanber, t he 1 nner
*wad | Lot Wt d chanber extending from said receivi-aAg port to said
di scharge port and the inner wall of the nozzle being forned with a

ConStri CedtaG46y & (BHE] AF GaBOL) bOPestfHy BBYt having a vertical

ascending surface opposed to the high-level outlet in said
sleeve bundle and a vertical descending surface turnea back from
the upper end of said vertical ascending surface projecting
above the liquid surface, and a blade opposed to said vertical
descending surface extending'from'the upper end of said belt to
the liquid surface for scraping foreign matters adhering to the
belt.

- 9. A method of feeding a coolant liquid for a lathe,
comprising the steps of positioning a nozzle above the work
holding chuck of the lathe, said nozzle including discharge port
of substantially rectangular cross section and a constricted
curved surface portion on its inner wall extending to said
discharge port for producing a turbulent flow, and also
including a loosely mounted tongue piece of rigid or elastic
material crossing the section of said discharge port and
projecting outward,'whereby said nozzle is arranged such that a
coolant liguid received through the inlet disposed upstream of
said constricted curved surface portion is discharged from said
discharge port as a collection of particulate turbulent flows
containing air bubbles drawn into the‘ coolant liquid as the
latter passes by said tongue piece, said cross section of the
discharge port of said substantially rectangular section being
disposed substantially orthogonal to the plane containing the
main axis of the lathe and facing obliquely downward deviated
in the direction in which the workpiece projects, whereby the
coolant liquid discharged from said nozzle is caused to impinge

on a region axially extending from the top of the peripheral



ﬂmm mm"ﬂ] L! rece| ved from said receivi ng port is discharge from

w lasacollectlon of particulate turbulent flows .
confalﬁlng HArs les—drawn into the coolant liquid as the latter passes
by said tongue piece, the discharge flow of this coolant |iquid being

cause to | WBLRYS of said chuck to at least the region under machining, so
as to from turbulent flow film of coolant liquid containing air
bubbles surrounding the chuck and the peripheral surface of the
workpiece, at least part of said turbulent flow containing air
bubbles being caused to move along the chuck surface and
workpiece surface so as to be fed to the regioh under machining
which is in contact with the cutter and then flow out toward
the coolant liquid fecovery channel together with chips and heat
of friction.

10. A method as set forth in Claim 9, characterized in that
two nozzles having a discharge port having said substantially
rectangular cross séﬁtion are disposed side by side, and
turbulent flow of said coolant liquid containing air bubbles is
caused to impinge on the peripheral surface of said chuck as two
adjacent parallel discharge flows.

11. A coolant liqﬁid feeding nozzle for a lathe comprising:

at least one nozzle having a discharge port of substantially
rectangular section and having a tongue piece of rigid or
elastic material crossing the setion of said discharge port and
projecting outside, said discharge port and projecting outside,
said tongue piece being loosely mounted in said discharge port

a main body having a feed chamber communicating with said at
least one nozzle, and a coolant receiving inlet in said feed
chamber,
the inner wall of the feed chamber extending from said receiving
pbrt to said discharge port and the inner wall of the nozzle

being formed with a constricted curved surface portion, whereby



ntuu ”m , "ﬂk"uﬁrlpheral surface continuous with the region under
In contact wwth the cutter and also inpinge on the.
cutter to form a*tur butent flow filmcontaining air bubbles, at |east part

of said turbulent flow film containing air bubbles nnving al ong the
rotating pend RleNaht l%ﬁi@%cé@@'e&%bﬁrs% &«Ec m’% Obal 143, sa d region

under machi ni ng. . nozzl e as set fort characterized
in that t&&s&ﬂrﬁenﬂﬁi Qél@rcﬁsdhéﬂ%és@ﬂr’é'ééeab&ioﬂé&loﬁr@f nozzI e being

fixed to said main body, the other being angularly
particulate turbulent flows containing air bubbles drawn into
the coolant liquid as the latter passes'by said tongue piece,
the discharge flow of this coolant liquid being cause to impinge
on the rotating peripheral surface continuous with the region
under machining which is in contact with the cutter and also
impinge on the cutter to form a turbulent flow film containing
air bubbles, at least part of said turbulent flow film
containing air bubbles mbving along.the rotating peripheral
surface and cutter until it is fed to said region under
machining.

12. A nozzle as set forth-in Claim ]1;.characterized in
that two said nozzles are disposed side by side, one nozzle
being fixed to said main body, the other being angularly
adjustably connected to said main body, whereby two discharge
flows bf coolant liquid from said two nozzles are caused to

impinge on said rotating peripheral surface at substantially

right angles therewith.



adj ustably connected to said nmain body, whereby two discharge flows of
coolant Ifguid fromsaid two nozzles are caused to inpinge on said
rotating peripheral surface at substantially right angles therewth.
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portion of the roller surface and said blade,

f) the upward slope of said sleeve bundle being such taht
masses of air bubbles, having foreign matters such as chips
adhéring thereto, in the coolant liquid flowing from the low-
level inlet in saia sleeve bundle in the upstream tank are
caused by the action of buoyancy to abut against the respective
ceiling surfaces of the sleeves and while these masses of air
bubbles are staying in the sleesves, they are integrated with
subsequent masses to become increased in size, whereby said
masses are pushed by the liquid flowing into the sleeves to move
to the high-level outlet in the ceiling surface, said masses
being discharged from said outlet into the coolant liquid phase
in the downstream tank and finally surfacing. -

T. An apparatus as set forth in Claim 6, characterized in
that on the bottom of each of said sleeve communicated tanks,
there'is installed a heater for héating said slesve bundle
positioned thereabove.

8. An apparatus as set forth in Claim 6, characterized in
that in the downstream tank in said at least one set of two -
connected tanks'in the slesve bundle communication, thers are
installed a foreigﬁ matter arresting belt héving a vertical
ascendingISUPface opposed to the high~level outlet in said
sleeve bundle and a vertical descending surface turned back from
the upper end of said vertical ascending surface projecting
above the liquid surface, and a blade opposed to said vertical
descending surface extending from the upper end of said bzlt to

~

the liquid surface for scraping foreign matters adhering to the

pLo=t §
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Substit(xte sheet - 12 August 1999

ABSTRACT

A coolant liquid feeding method comprises feeding a coolant -
liquid, with air bubbles caused fo form continuously therein,
for cutting or-grinding opération.to a region under machining,
expediting the splashing of ;ir bubbles in all directions when
the air bubbles impinge on the region under machining and burst,
and also expediting the entry of accelerated splashed liquid
particles into a cutter/workpiece pressure contact plane,
thereby improving the cooling and lubrication of the region
under machining, whereby the air bubbles in the coolanﬁ liquid
which has failed to reach the fegion under machining or which,
though reaching there, has left there for the recovery channel
afe allowed to adhere to suspended foreign matters in the
-liquid; thereby expediting the surfacing of the foreign
matters.
The coolaht liquid is dischérged downward generally as a spiral
flow which is a EOllection of particulate turbulent fléws, |
thereby forming a cylindrical veil of coolant liquid which
surrounds the milling tool or grinding_tool.and whose lower end
reaches the surface of the workpiece, at leaﬁt part of the
épiral flow being caused to move from the lower end of the
cylindrical veil along the surface of the workpiece in a whirl
toward the central region until.it is fed to the region under
machining which is in contact with the milling tool or grinding

tool.

36—

T e L




R E RN

IPOS copy ™

CooG e R B X B & PR
PCT BB ARG ESHOTABSNEEHE srnexes
: ' +
_ ' Tranelations -
(51) BRSNS “ 1 an BRaRES WO097/29882
- B23Q 11/10, 11/00 Al

| (43) EIRAMA

19974£8 A 21 H(21.08.97)

1) ERUEES PCT/IP97/00373 | (81) #8EE AU, BR, CA, CN, CZ, HU, JP, KR, MX, PL, SG,
US, VN, =2—F U 7HIF (AM, AZ, BY, KG, KZ, MD, RU, T,
(22) EPRHBIA 19974224 128(12.02.97) | T™), BX#4$8F (AT, BE, CH, DE, DK, ES, F1, FR, GB, GR, IE,
- : IT, LU, MC, NL, PT, SE).
(30) BEEHT—%F
HBTR/65077 1996££2 4 15H (15.02.96) IP| BATAMER
$ I8 £8/260086 1996%E8 A 23 H (23.08.96) P ﬁ:ﬁiw&t
E

(7)) HEA CREZRL TRTORERIZSWVWT)
BAeH ¥— & FEM(ZETA HEIWA LTD.)JP/IP)
F590 KIRFFMTEILART2T 715% #1D3 Osaka, (JP)
(72) BHFE ; BIW _

(75) RAE/HEA CKEIZHSWTDH)

h # Fa(NAKAI, Yoshikazu){JP/JP)

F590 XBRAFHRATIUABI2T 7135 #1003 Osaka, (JP)
(74) {REBA

#E+ REME, STAKEISHL Yasvhikoetal) -
T604 MBHRBHPREHEN B =515 AERTIZ0HM
@1 Kyoto, (JP)

(54)Title: METHOD AND APPARATUS FOR SUPPLYING AND SEPARATING RECOVERING LIQUID COOLANT FOR

CUTTING MACHINES AND GRINDING MACHINES
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(57) Abstract . _
A liquid coolant with bubbles contained therein for use in carrying out a cutting
or grinding operation is continuously supplicd to a portion to be worked, and the
omnidirectional scatter of the bubbles impinging and bursting upon this portion and
the entry of the accelerated splash into a clearance between the pressure contacting

coolant, which did not reach the portion to be worked, or which reached the portion
but passed the samec to enter a recovery flow passage, deposited on suspended
extraneous matter in the liquid coolant, whereby the flotation of such cxtraneous
matter is promoted. The liquid coolant is discharged downward as an aggregation of
particulate turbulent currents and generally as a helical current, whereby a cylindrical
veil of liquid coolant which encloses a milling tool or a grinder, and which reaches at
its lower end the surface of the work, is formed, at least a part of this helical current
being directed vortically from the lower end of the cylindrical veil toward the central
portion of the helical current along the surface of the work and thereby supplied to the
portion to be worked which contacts the milling tool or grinder. -

surfaces of a cutting tool and a work arc promoted with the bubbles in the liquid B'\V
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