METHOD AND APPARATUS FOR METALWORKI NG USI NG A COOLANT FLU D BACKGROUND OF
THE | NVENTI ON The invention concerns a nethod and apparatus for grinding
that enploys a coolant fluid. In particular, it relates to an enhancenent
to a process called creep-feed grinding by nmeans of which a very high
stock renoval rate is achieved. Creep-feed grinding is a full depth or full
cut operation that often allows a conplete profile depth to be cut froma

solidin a Fﬁqt PSS - ?}wa ' Fgﬁﬁﬁgl i fi to.a surface
t abl e whi chﬂl S (Z% passf%P he %ﬁﬁ%ﬁgfr&?ﬁil ng \Aﬁgg%ﬁ\a@jxaéggﬁ‘é@%t speed.
The stock renoval rate is set by thersume and nunber of chip cavities in
the surface of the wheel in conbination with a nunber of other factors. A
hi gh renoval _ rat chij ut the process can generate sufficient
fricti ona?ﬁmgw:hé)ﬁg% I&‘b&ﬁﬁf@ﬁ surface and danage the wheel.

I ncreasing the depth of wheel cut hitherto had required reduced workpiece
have boen Tl B A e R R el R et
ave been found by providing adequ _ i t a
regi on endlyid. nlg pagioulsr.dteelatesofoantenhardegentridiagowiseedliedentepreedind ef fi ci ent
cleaning. It .is,well knowl to use jget cl]eaning nozzles delivering cool ant
close to lgﬁgdm\%ﬁgéﬁwa%?ﬁ\gﬂlghiaryefy:wﬁﬁS(?S*ﬁ%%‘fagﬁ%lstagyﬁlgvﬁ‘ﬁd conposi tion of
the wheel is carefully chosen for the type of material to be ground for

the nost areppleadpending Rrchllkiepthag full shapkrationdvalbiedhBowdd coipRie Wear .
Renoval of netal material from.a workpiece at higher rates can require a

si gni fi caftolilgdenth fq ke gt fiogbe selid inpasingle pessh d e slorkpiecedo heapackisted imnd i n

suf fici enf i1} : LI r of i f, i nterface
bet ween t %Q&'rrgdtﬁ a%lﬁf\}\lggka?inegwﬁggfs %ﬁ?g%ﬁcéﬁﬁ\%%@%k é@lél&ﬂh%}‘lg#egg Iayc,0 Eﬁ%‘! cool ant
nozzl e i sspedt Thoswckeamuadal satdip satrbyothe siak and hambel ofehipeoyvitidsémde and an
estimate of .an arientafjon and position that will deliver the coolant
stream at S\fr[fpépeﬁg{%%[dnr@n}%tg@m@ %P%F?riocfé?mer fastarse AdNah pre@@lr e of the
stream of 1GOedAH acik b Subthd PR NChORREAL R ci bR BN hSat 1§ bRRdRe t he
grinding conpartnment and obScures any view of the exact position of the
cool ant swodgne¢os strface and damage the wheel. Increasing the depth of wheel cut hitherto

had required reduced workpiece feed rate or performing the operation in two or more

passes.

Improvements have been found by providing adequate coolant flow to the wheel
contact region ensuring workpiece coolant and grinding wheel coolant and efficient
cleaning. It is well known to use jet cleaning nozzles delivering coolant close to the
wheel surface in large volumes. The type and composition of the wheel is carefully
chosen for the type of material to be ground for the most acceptable balance between

stock removal rate and whee! wear,

* Removal of metal material from a workpiece at higher rates can require a significant
quantity of coolant that must be delivered precisely and in sufficient quantities at, and
across the entire profile of, the interface between the metal working tool and the
workpiece. Typically, the coolant nozzle is postioned manually by an operator based
on experience and an estimate of an orientation and position that will deliver the
.coolant stream at the metalworking tool. The significant volume and pressure of the
stream of coolant during a grinding operation, for example, floods the grinding

compartment and obscures any view of the exact position of the coolant stream’s
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i npact and of the machining interface. Often, if the cool ant stream has not
been precisely delivered to the machining interface, the nachined

wor kpi ece will have flaws due to excessive heat buildup or materi al
removal , and nmust be reworked or scrapped. Therefore, further inprovenents
are needed to ensure that an adequate stream of coolant is delivered

preci sel Mn%ﬂtj ahd oF Whd nGlcRIInglintdHAck] QORALPHRE bdlam BlehiehaRfndi Men MaCHI Ni NG
interface tween the mnetal working tool and the workpi ece. BRI EF SUMMARY OF
THE | NVEN?PI@NYldﬁlléte@értdathe engghitting interfage, Ao awchined tmklplc@es@mlﬂ havgent i on,

compri &1 At R 8 ofesiBh OB Sloul R Heoifl Ralil RiF oSl By epb Qe oy P =0

provi di ng:rapple&t al working tool having a machining interface configured to
engage the vvor kpi ece along the machining interface to renove netal from

t he work ooJing the nmetalworking interface by emtting_ a stream
of a coo ?{ Or?sq% Tt HRRSAYFMENtH 355 Peedsd dg wavreriataan jpdeduates 856381 ohi th an

i nl et an&)(ﬁﬁhtqytdleﬁvgere@'ﬁgec?se afd RR LR deﬁp qénftRres a‘&ﬂﬁ@'tﬁ'@ kit Lo

comuni cation with the fl ow’passage an ' ne of sight \]/?n h the eflow
passage wathining mt@ﬁ@@émM@dn@amMomp@tnoﬂgpndsh@waﬂmbcby a renovabl e plug,
wherein prior to the machining, the plug is renoved fromthe bore and a

vi si bl e 1S ol i re for emtting a | aser beamt hat
cooper at%gf%[ §H§/{M§§§{)§?@EWO§FSuaI |y positioning the nozzle
relative to the netal working tool, whereby the emtted stream of cooling
liquid i atcodatadvidlh atfiret zﬁpedmomﬂizgprewne[ﬂvaﬁ@on ieraeCHbdmag @ néthéd a second
aspect of the _present invention, there is provided a nethod for aligning a
cool i ng 52211@11%16% tg u@mows rgetabdromta Morkpipess HOMDAgIngnther sigpte o6t 1) a
met aI wor I C h the steps
of . owng'oﬁgha 0 der%ggagéy\’/g);%(ﬁdé anﬁgﬁl&&é‘mge@g?hﬂfhg?aow ding a
met aI vmnhawhynngmlnterfaam copfiguredc v rengged e rvic&kplec@ reflorgpu ileedl iachitimgage t he
wor kpi ece % t he Qgin interface to renpve netal fromthe
wor kpi ecBter g’rWOHFﬁE}Ft por 1 D ohpe ths mgtalverking igteH3es; having a
flow PasHAQR Al id
conmuni cat i orﬁt\m v‘(\%t i’?% themfpgt(ﬂi?/v(ﬁ é‘gﬂgér)]]%h ?(?er%le% %d&gﬁgﬁtgbdoﬂ&”bgszs%@

with an inlet and an outiet and a bore having an access opening in fluid

communication with the flow passage and a line of sight with the flow passage outlet,
wherein the access opening is sealed by a removable plug, wherein prior to the
machining, the plug is removed from the bore and a visible laser is inserted into the
bore for emitting a laser beam that cooperates with the nozzle body for visually
positioning the nozzle relative to the metalworking tool, whereby the emitted stream

of cooling liquid is directed at the machining interface.

In accordance with a second aspect of the present invention, there is provided a
method for aligning a cooling nozzle for supplying coolant to a machining interface of
a metalworking tool during the machining of a workpiece, comprising the steps of: 1)
providing a holder for a workpiece and a workpiece, 2) providing a metalworking tool
having a machining interface configured to engage the workpiece along the
machining interface to remove metal from the workpiece, 3) providing a coolant
nozzle comprising a nozzle body having a flow passage with an inlet and an outlet,

and a laser bore in fluid communication with the flow passage and a line of sight with
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the fl ow passage outlet, 4) inserting a visible laser into the bore in a
stationary position for emtting a | aser beamthat cooperates wth the
outlet on the nozzle body for visually positioning the nozzle relative to
the netal working tool, 5) nmanually positioning the nozzle so that the
visible | aser beam passes to a machining reference point on the nmachining
interface of the netalworking tool, 6) securing the nozzle in position,
and 7) renoving the visjble Jaser and inserting and secyring a renovable
plug to SEallow massagequtlsh D, InGHERE By Visthle i%'r él%? f??sz%r‘“e & FRUNEY y

tar get edpd i difTok chfifing GORLR Beard ' h A Arael il PHB ofliAG b 8ohAE Bodyle! &l n
dlSC|OS€% Is a neta ﬁac I'ning apparatus for renoval of netal froma

wor kpi ecfor daumflyi isitigning) the tzidereldtioe ta the mighlsweking toal, Fpmzmmellki ng t ool

that is configured to engage, the. kpi.ece al ong a macghi.ning.interface to
renpve nRYSEfont 5%11% em%ﬁ%@%&,ﬁb@?{f‘a&p‘b‘f&%nﬁ‘ss gr?za\ @aﬁﬂ?mgﬁ’?fﬁelnﬁ% a stream
of a coobaht of e Haciify iMeATdeo ORI AlvDtkiRg R Z8)Seb@ihy thaopgean f | ow
passage and a | aser bore, wherein the flow passage has an inlet and an

out | et, pesitiarhand §3 eempuing theyisible ilaser and dnsghingndhsechdng f|reRopEEg age

outlet, and.4 vi.sible |aser,renovably in t I a)i re.bore, that
cooper at BB it iedBisg pGie. SREtRyY P ODRnt mb £9€ rtbherfheb R b BB P

rel ati vecdoDarit Beanivet ak viackini@ ihReface. Wher eby the enmitted stream of cool ant
fluid can be directed at the machining interface. Al so, disclosed is a

met al grHAgimgisinsed 48\ mesal mapbvie arpartesion remeval W&fr lstab dzom a

conpri si ngQ.,.J JqQr i a I } nel t:0ol that
is confi{éﬁ]{g}}kg(iljeo e’?%(ﬂlgélrgsgﬁggé 1? haeﬁov}oﬁérl{(%ng‘g&gﬁp%e’ 20%%%%%?%%%?% ttlg renove
met al framfighed woedgapedies wokleyiaienaldie anmedtiininggnienfher facendasmatal i nter f ace

profile,  3) cool ant _nozzle for Ltting a streamof a.coqlant, fluid,
wher ei n Fe@ tg? OBIERIRGEs 33 2 cpalaat n%zé@tn%oéﬁ%g‘ﬁg@fEitTeéms?fotf’sF%?qtgiul@ thfe sane as

the | 0 ShABRERAlcles ndnfk hayhalsdl Phow aaGEe aPERREALHRONNEL bhe cool ant

nozzle, for vis ositionrng the nozZle relative to the netalworking
t ool , whBowlpysspehat arcmiet ahd eoobtet; add thedassahotschadiarlaetaddight withehe nachi ni ng

interfacg, and wherein the cross-sectional profile.of .the strea egi sters

W th el HPETREE BUtord D TSRl HEFRATIY ey e Bk M ol nent  of

the i nveRyopeRtdselh e hozAe bade ol Ae@lLFbsHRALAN theAdzZleredBfve Us ahé N
metalworking tool, whereby the emitted stream of coolant fluid can be directed at the

machining interface.

Also disclosed is a metal grinding apparatus for removal of metal from a workpiece,
comprising: 1) a holder for a workpiece, 2) a rotating grinding tool that is configured
to engage the workpiece at a machining interface to remove metal from the
workpiece, wherein the machining interface has an interface profile, 3) a coolant
nozzle for emitting a stream of a coolant fluid, wherein the stream has a cross-
sectional profile substantially the same as the interface profile, and 4) a visible laser
cooperating with the coolant nozzle, for visually positioning the nozzle relative to the
metalworking tool, whereby the stream of coolant fluid can be directed at the
machining interface, and wherein the cross-sectional profile of the stream registers

with the interface profile of the machining interface.
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applying coolant fluid to a machi ning apparatus for renoval of netal froma
wor kpi ece at a machining interface, conprising: 1) a coolant nozzle body
having a flow passage and a | aser bore, wherein the fl ow passage has an
inlet and an outlet, and the |aser bore fornms an access opening in the
outer surface of the nozzle body and has a line of sight with the flow
passage Outlegtbodmmeht 3F the iuv&itioh @clbs & aNeePwafdtad codan habile foruseant he | aser
bore, that c_ooper?t es W th the ngozzle body for visually. positioning the

cool ant RIZ¥NG cealant; fwdi 9 8 HBackiRiRE NFRRGTARH APta feraovah Xy B5(Al (lkemst r eam of
cool ant i j -pachii L C i, di scl osed
o a et hog Pigee A MARRRE TH Y, chRBrihE ) Tk Molbll SRy BRI U o
from a ctiowaassagoand elasevimre vilivecimttchilow pessagd leasfandelelofndanneitlat, agd i ndi ng

t ool whe machi ni a work piece, .conprising. the. steps . of.. 1 roviding a
ot al " wolPRITGT Do S SRS OREILAE AL e U AT Ghachiidy H36S and o
wor k pi eg finé BESERC AN tHeTRyw f)%@é%%@u@l)st, Bh@Y) 8k ih1&184ERABYalM FhsbRat1OT
directing a streamof coolant fluid at a "~ machining interface on the netal

gr i ndi nginfie, lagdydore dhatrepoprsates withahe mgzze bbdy dor osuallptpokisiviting the st r eam

ref erenc I nt ). Rr.ovi di auisible |aser .for emtiin visible | aser
beam 4) goéjgag{(% g}og%llg anB‘le% t?/ f}%e?B]Ia‘éhlPlﬁlge?’ppﬁ a?‘ﬁ’ t“ﬂ’gre@éf otglg ﬁire?{gz‘% %o,olla&ﬂ#ler eby

the em tfigid chabedirbgadutias fichihinpanigaéde stream reference point and

i ndicates the destination of a streamof coolant fluid fromthe fluid

outlet, 5) positioning the coolant nozzle with the associated visible

| aser, @PE’O@‘S?Iﬂ@d\}F ampthod ofusmgryisiblelaggrta aligy 2 gpolant stgam; emiHed r ef er ence
poi nt, j 1 e f ) i ool ant
Prurd ¢ pEgoh e daRe iR he BRGSO UE TRl ndBRoREl Bnef 17

i npi ngesmadiening chiwmoiln gidcat enfimistngthe biepsrefial 1)gprovidingga troeth], warkdng)
machining the work piece. One enbodinment of the ipvention fyurther relates
to use dPPAAHShaing § 5@@% arydo? Mk FERIRG 0ph @nd @i K RTSFoGed OB JBE ant
nozzle, &hiRr oRYrehilime! 4 REoRNSheLANG afOQIAN: stibhth doBlodlant "BGH! &1 419
interface 01‘. a'machining tool with a workpi'ece during the renoval of netal
from a vwadhpiiag dnteyface en rthe miatdlngrinding tod, BRI &oldDEICRIIP Ha@gCF fIHE DRAW NGS
Figure 1

present ou%l%? \ﬁ'aswi%g %S ee% ire er%ingeq Ec?irr’rllt,og) &o@? n?gl Ya\D\Filélibpeglag 2Pfor %tmul in%f a the
visible laser beam, 4) associating the visible laser with the coolant nozzle, whereby
the emitted laser beam passes through the stream reference point and indicates the
destination of a stream of coolant fluid from the fluid outlet, 5) positioning the coolant
nozzle with the associated visible laser, whereby the visible laser beam is directed at a
machining reference point, 6) securing the coolant nozzle from movement, 7). passing
coolant fluid through the coolant nozzle, whereby the stream of coolant fluid
impinges the machining interface of the metal grinding tool, and 8) machining the

work piece.

‘One embodiment of the invention further relates to use of a visible laser for targeting
the orientation of a coolant nozzle, thereby directing a stream of coolant fluid at a
machining interface of a machining tool with a workpiece during the removal of metal

from a workpiece by the machining tool.




invention, illustrated as a grinding wheel for renoving netal froma
wor kpi ece, having a | aser-targeted cool ant nozzle with a visible |ight

| aser positioned therein. Figure 2 shows the schematic diagram of Figure
1, showing the coolant nozzle emtting a streamof coolant fluid. Figure 3
shows a cross sectional view through the | aser-targeted cool ant nozzl e of
the present invention, having a visible |aser positioned therein. Figure 4

shows the BRISP ESRIRPTRONOERWHE DRASY GG ant nozzle of Fig. 2, where the
visi bl e | aser has been renoved and replaced with a seal plug. Figure 5

shows a schematic diagramof an alternative |aser-targeted cool ant nozzle
of the i nlienre behamstehscherati diapiam of ainetalvaerbingpopiratuswéthetiivesest n.  Fi gure 6

shows t he af i i [ Fi re showi n cool ant .nozzl e
ot e 2 TR fsth @8L Al Bhoha diHedt B SRR Pl Bof MBI’ | \VENTI ON A
vari ety of hagihgh ¥eékiafn@tddadbRnt AdrAewith adidille 1ighilyer BBliAbhad thédeRin a wor k

pi ece. A typical netal working tool for renmoving material is a grinder
The grinding wheel is used to renove

nore specifjcally a rindin heel . [
mat eri al f W%im“@tﬁ?g&@mgaég@%eﬁﬁgﬁ@ Lsbewing thyg caokent §0gde peri phery
of the V‘heﬁ{ﬁbttitfgééfti’é f Qoldadingg Wheel  can have a flat profile or the

profile ca e curvilinear, rectilinear or a conbination of both.
Typically the profile of a cross section of the grinding wheel throughout
its entiriigpesr] shossya dressisdesitnabulew thagh dregesepftargeted esoledt oazica€ thes peed

for the type of. qgrinding wheel. .enployed.w thin which enhancenent was
achi eved vﬁ?seﬂt ﬁtb%ba‘%ﬂgaﬁ%stﬂél?i?sﬁ Oslng thﬁ‘ﬁnto about 80 meters per
second. Figs. 1 and 2 show a netal working assenbly that includes a

met al wor ki FiguieondhosRaké\crogsSseati Gial RIwer the 86d1ard ro@4186F P, DNwhéie el recti on of
arrow 4 to engage a workpiece 6 that can be noved into the rotati ng wheel

2 in the rapiglslaser dps eonireinovad andireNaged witlea geal plugst r at ed operation is
" known in the art as "down" grinding in a contact region of the grinding

wheel . ThepibNeN\Ho9A alsSh : ] |, W\ Y ol gFi jeNg.
Essenti al | ;giti%e proocgsss %n?é{{éﬁdéggﬁ%@r\fﬁlg#%lgﬁge igg‘i\/ret S%Q chir%Irlr% 0 Pﬁdgnpr ocess
known as tbe eepafieediththardiibly, lighit ldsenysdsitidnied threpsinbe regar ded as sonet hi ng

of a m snoner since

Figure 6 shows the schematic diagram of Figure 5, showing the coolant nozzle

emitting a stream of coolant fluid.
‘DETAILED DESCRIPTION OF THE INVENTION

A variety of metalworking tools can be used to remove material from a work piece. A
typical metalworking tool for removing material is a grinder, more specifically a
grinding wheel. The grinding wheel is used fo remove material from a work piece
based upon the profile of the outer periphery of the wheel. A typical grinding wheel
can have a flat profile or the profile can be curvilinear, rectilinear or a combination of
both, Typically the profile of a cross section of the grinding wheel throughout its
entire periphery is identical. The range of values of surface speed for the type of
grinding wheel employed within which enhancement was achieved was from about 10

meters per second up to about 80 meters per second.

Figs. 1 and 2 show a metalworking assembly that includes a metalworking tool shown
-as a grinding wheel 2 rotating in the direction of arrow 4 to engage a workpiece 6 that
can be moved into the rotating wheel 2 in the relative direction of arrow 8. The
4




t he enhancement results is very nmuch faster renoval of workpiece material
The grinding wheel 2 is nounted on a rotary spindle 10 carried by a tool
head or chuck 12 which is part of a standard nulti-axis nachine. The

wor kpi ece 6 is secured in position for machining by nmeans of a nounting
fixture 14, illustrated as a pair of nounting brackets 14a and 14b, on a
surface of a machining table 16. Since the invention is intended to be a

" one- pass {estiaftdioneralb® £88 il ' ' ' Lndi [ onfi gured
to correqund_to(?he wi dt h 3?‘??§w3?%ﬂﬁ§ ?u?ﬁggg&ggégg?éﬁhgghg°§%%rkpiece

i s moved ignndingrdieel Thedhventign by fouhé to woek justpsgralimgith Juptheriidicas a

machi ni ngd rfa 19. A Lcal .qgrindjng o at i i ncl udes the grinding
of the o SPATen B pfoces ol P Phidhis s lgB Rl olinsd e HPBR S ehg he. Dur | ng
the gri ndicregpdper @indoty, aRSouphAHB may H@rﬁ% ded & @h{&ﬁ% 682 Biisrohfklc£ 00! ant,
typically conprising a water-soluble oil, is emtted fromand directed by
nozzl e 20 tgenhargementieruisiy vimmewehasteri@menak dfevqrlpieptimateriol. wheel 2. The
nozzle 20 is the outlet of a closed-loop coolant delivery, collection and
filtratio i : el . f the eel | |l ected in a
sunp (not Tgﬁﬁ%@%@@?}%mﬁ%%?%%%%%&g ngd%gl%?%?m%%gmﬁg Yof f t hrough
an ef fici emckfli2l whiel isquartsofsit standbrl melticasds gathihg TyWotkpidte 6iakddutdde Si ze,
typically.of at Ifeast, .aboi{y 10 m¢ron. Integral with the filtration system
(not showtPesLion Ay pachiping rnéf_’aaaﬁ%agg%m@m {iafusp 14, Abestetred i nafraaf del i vers
cool ant UpRQhtiRY &ﬁ&&é&@léﬁaoanﬁrl@rb!&{?Eur?ég;g%tfaﬂ%ﬁmﬁl b, SAQMe! N Fig. 3,

the coolant is supplied to the inlet via a hi pressure hose 31 to an
i nl et por invetiageis intentled o bhe "omd-pass2grinding propesasthe vaddfofitle findif bar

typically_70 .bar at flowra f up,tq about 60 liters per_mnute. The

cool ant nggl%fflés %‘%ﬁﬁlggméﬁg PREIRB F0&8‘8 de&‘th Qgttheagrﬁ SUrEAcE £74 egna hgressure.

During therdgidcad mgvmﬂf@aﬂdq@mabﬂﬁe&99h?é%taﬁhg%ﬁﬁaingﬁ'¥lﬁﬁﬁﬁé he grinding
e hi

wheel at great 5 velocity. The resulting colliSion o gh-vel ocity
cool ant sEeepingjigtarfageel i gh- speed rotating grinding wheel causes the
i npinging coolant fluid to splash and splatter in all directions, creating

a cloud of t%@%l%glﬁﬁ;?g%%eﬁaﬁgn gl{c?tpde?:ﬂge rélﬂ'?dtingo(pfsthé it tiBs‘? 3f z|1 thrbine g@dgt el'y the

visibility hr'ni ng opera
used in a gas turbine engine.
During the grinding operation, as shown in Fig. 2, a stream 18 of liquid coolant,
typically comprising a water-soluble oil, is emitted from and directed by nozzle 20 at
the machining interface 19 on the periphery of wheel 2. The nozzle 20 is the outlet of
a closed-loop coolant delivery, collection and filtration system. Spent coolant ejected
from the wheel is collected in a sump (not shown), in the lower part of the machine,
and drawn-off through an efficient filtration system to remove debris down to a

particle size, typically of at least, about 10 micron.

Integral with the filtration system (not shown) is a high pressure pump system (also
not shown) that delivers coolant under pressure to the inlet 28 of nozzle 20. As
shown in Fig. 3, the coolant is supplied to the inlet 28 via a high Vpressﬁre hose 31 to
an inlet port 32 secured to the inlet 28, at a pressure of up to 100 bar, typically 70 bar,

at a flow rate of up to about 60 liters per minute.

The coolant nozzle emits a stream of coolant at a high velocity and pressure. During

the grinding operation, the coolant stream impinges the grinding wheel at great
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Nevert hel ess, precise targeting of the stream of cool ant to the nmachining
interface can be inportant to achieving effective and accurate grinding.
If the coolant is not properly directed to all necessary portions of the
grinding wheel, faulty grinding can result from over-heating of and

excessive netal renmoval fromthe workpiece. Since the high speeds of the
operation prevent aimng or directing the coolant stream at the targeted

portion o i ndi s re.he gri ndi gper at i. has, begun, the
" present i fr‘lrsltgﬁﬁ'g;lﬁ@v\%gﬁ g%@?@gga%{f%l%ahé ur’ Slt%%ﬁt}f/o%og%ftts rgﬁnt“ﬁg"ntﬂg e assenbly,
prior tospdedrbiatige phiadingolheelcadicseReingiitgihp eodihht i e gRahahll oplattdrl G 1
shows the,ng}Lgl wor ki ng assenbly prior to the start of the grinding

oper at i on? REUEGFUGRS cfgpiins giploudiaf soplantapishpnd drgplegsthat ohstraets aearlyof cool ant

18- ( shown ohofEldy u2hidhil L6t M6 AEinkAFGklAn On the grinding wheel 2, shoun

as machining interface 1 e Nnozz I's configured wth a |laser bore
22 within which a visible light |laser 40 can be positioned. The |aser bore
22 i s conNeyerthetess,precdsetptgeting of thewstrainh pf sedatco tieembdising dQeiface@an

stationary .position.,.ln.its.st.atiopar ositjon,_ the visible |aser 40 can
emt a beé%rg?ortf’i“w’ch@qvf% fecliy g, %Cﬁﬁagf‘egrggimg hi thegaolang ot oo j g

conf i gur egropidl tiRedt8toZIdE RioEQANEE s Lt F@H ser
- devi ce 40§rv(\)/|w?hﬁt hee outl et 2093.83%bﬂre gpecifﬁ?%ﬂ{%%ﬁg’ fagggr%apfﬁgﬁtc&ﬁeam

Cemtted ESBihFom oner-hgatingfendcsecssive metalsemevahfroat theevmkpisod.nt 25 on t he
peri phery of the outlet 29, to provide a targeting neans for visually

posi tioni i ! J t.stream of..caool ant; 18 fromthe
nozzl e 20§g1tC élp%e}g%ﬂr ﬁ%é‘?%gﬁh 'g ?r%&?g%%ﬁgg? 1 OTEH Ctﬁﬁtgf"ﬁ?ﬁlﬁﬁ]‘tﬁge%er ation
requires atithe tardetedopaation ef ke giin@inglideE dfist the @pindih@ oPbratio hadbegufgi St ers
with the chining interface 19 on the periphery of the grinding wheel 2.
To ensur e&grpé‘i?@'r‘t IBYTERP YIS SIS vRlePede aseaicly rasiiandle serat ssembly, P profil e

of the coplRiin® oRBBla ko VhdRhOblib &L hplBfod BRI, N1 Agws M f ace, the
machining interface 19 wll have a~pr of T I'B~Aavi ng at Teast one machining -
r ef er enc emefabiorkingSisseTytdyy paibt 1o, the bartnd ¢ grimiing efceatemc & qaistde tha thnd t he

streamrefer e i.nt 25 are _positi.qoned upo profiles of their
respect i vléozﬁ_%rcbﬁll ‘ﬁﬁﬁb“ﬁ%&@r@ﬁ% 0_{ 8(’%% l%ré}ﬁ"l' ‘g“&ﬁé’? alyi@e PHppST g’@%"’b@r ating
and subst@ntheatihingiwldeR?, shBwala fihchihit NREALOE 0%he hESAL SNGRoRREREG 15 1S
sel ect ed whereby, when the visible |ight beam along ['ine 23

with a laser bore 22 within which a visible light laser 40 can be positioned. The laser

bore 22 is configured to accept and removably secure the laser 40 in a stationary

position. In its stationary position, the visible laser 40 can emit a beam of visible light

along a line 23.

| 'The laser bore 22 is configured within the nozzle 20 for cooperative positioning of
laser device 40 with the outlet 29. More specifically, the laser light beam emitted
along line 23 cooperates with a stream reference point 25 on the periphery of the
outlet 29, to provide a targeting means for visually positioning and directing the
subsequent stream of coolant 18 from the nozzle 20 at the grindihg wheel 2.
Typically, the metalworking operation requires that the profile of the emitted stream
18 of coolant registers with the machining interface 19 on the periphery of the
grinding wheel 2. To ensure proper orientation of the nozzle and registration of the
profile of the coolant stream with the profile of the machining interface, the
machining interface 19 will have a profile having at least one machining reference

point 15. Typically, the machining reference point 15 and the stream reference point
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emtted fromthe | aser-targeted nozzle 20 is registered with or lies upon
the machining reference point 15, the coolant nozzle 20 is properly
targeted and oriented for the subsequent netal working operation. As shown
in Fig. 1, the nozzle 20 having the |laser 40 inserted into the | aser bore
22, is - positioned manual |y, whereby the visible | aser beamal ong |ine 23
passes through or along both the streamreference point 25 to the

machi ni ng e oint. 15 Ln this. position, .the cgol.ant nozzl e has
been prop%? f”%hg&ﬁﬁ PH%?#§Iﬁ?%¢%8€%?¥Gﬁﬁaﬁpﬁ?n?W@““%Hﬁ?@ﬁﬁéﬁﬁnéetaImorking
oper at i onnoZAeoutet1p s b coopatinNMdisabaaitRlly SRR ANbcAMBAZ e ndashihiign assured
to emt properly and effectively the stream 18 of coolant fluid at the -

machi ni ngT§TFreRss RRiRt 150is geleptad Whiseebyr Wheti thg vistdle dighOreanilenglind 20t nozzl e 20

i iti - ' ' 2.to delj .the high
or eosur e SPRedGHEilhbSerk et 08 1B BOR paRlersil St R UbSHORANY Fornitbl | ©
di r ect i onreférendepwintise thecdobtambrherAn®EisdroperigQhipetddrnd dvismee fifthd he

machi ning interface 19.  Typically, a support stand (not shown) is provided
upon whi cFPBSFBeRbBREhvorkinggnerstion. secured. The support stand is confi gured

to provide up-down, forward-backward, Ieft-right novenent and pivoting of
the cool apg sW@lr?Figf PrthORbIARITD 135\9}1?@1% lasefhd Hs Q;fﬁ'-to %Qqas@flﬁl&rleﬁzlié .
f'or 1 ndependent” novenent relative to e wot Kpi ece

typically cgnfigure
and gri ndpesgfionied eranupll g fvereadliyythe visihlo bzal wansdenpliye 2hpasbes thrwvel or or

rotated i I I.fections,. and can.he ariented or positioned to discharge

t he cool aér:]l?gg é?tgé{é‘?ﬁctﬁe[am[’f? er&?‘ier?&ﬂrﬁ&g\){ﬂ mi ‘PfBEtrefgﬁ’P@‘F PEPEht dofthism t he

wor kpi ecepositibn He ROR@EHERAY hdsltebs fo{oﬁkﬁﬁ aﬁd‘oﬁrﬁall}zprﬁtﬂb%itﬁﬁa%’-{‘o‘% ffd ow passage
r

directs a stream 18 of coolant in the shape of a sheet or fan at the
per i pher ySubsequeet mpfabiyorkingsiperation. Thepreapusitiiies and eargeted codlaninboric of

cool ant t hinj i rf,a 19, 0f the eel . T npzzl e can

al t ernat iui\ge Y %glrg%ﬁ ‘%’gﬁ?’g% et{l &eaﬂggalggévegnﬁ]g rfqrgﬁ/@@g(g?%{#eﬂtgfgtethﬁ] havi ng a
Cr 0ss- secahadiigihg jrteffadect Sodurip\he petdin@bp&h@@es. I n a typical operation,
the coolant streamprofile and size is configured to match the profile and

size of the chining.interface of the netal working tool, such that
cool ant fﬁlﬁ ‘if’r(r’faélt E‘Eﬁ?&‘?%‘:’ﬁsl Rpsifioggd,proxgnate & theqeriphery iogﬁ"héﬁl 2 elehigeral wor ki ng

i S A LA e e SR URARATS Sl
' to the wheel circumference at a point in advance of the machining interface 19.

Typically, a support stand (not shown) is provided upon which the coolant nozzle is
secured. The support stand is configured to provide up-down, forward-backward,
left-right movement and pivoting of the coolant nozzle, for optimum coolant

- performance. The nozzle is typically configured for independent movement relative
to the workpiece and grinding wheel. Preferably, the nozzle assembly can be moved
or rotated in all directions, and can be oriented or positioned to discharge the coolant

stream at the grinding wheel without interference .ﬁom the workpiece.

In the embodiment illustrated in Fig. 2, the nozzle flow passage directs a stream 18 of
coolant in the shape of a sheet or fan at the periphery of the wheel to obtain
substantially even distribution of coolant upon the machining interface 19 of the
wheel. The nozzie can alternatively be configured to provide an emitted coolant
stream having a cross-sectional profile of a variety of shapes. In a typical operation,
the coolant stream profile and size is configured to match the profile and size of the

machining interfaqe of the metal working tool, such that coolant fluid is constantly
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rectilinear, circular, oval, or curvilinear. The nozzle 20 is configured
and arranged to direct the stream 18 of coolant fluid to the periphery of
t he wheel at the inpact point across the full width of the wheel. In sone
operations, it is preferred to direct the coolant fluid in a direction
substantially perpendicular to the periphery of the wheel. Wile the

cool ant nozzle 20 shown in Fig. 1 is configured to emt a coolant stream

that fans sedplied RAMEEpGUbYRF @ehgtﬂ%ﬁiﬂ% td ! 411‘3{1 3,9 Et}etéﬁﬁgﬂgzr#lﬁe%}é éﬁﬁ?s nozzl e

can also be” configured to restrict t profi cool ant
st r eam 18rdmovang thesneialtfran dssworkpiete.oigpicali mezlandeah ppeileasndedisreat, N Fi g.

6. The enbodj.nent .i s-shovvg i n FlIG 5 wth the visible | aser 40 positioned
wi t hin t hECTHREn gsplaroyaber eWyliesn | e for proper targeting and

positioning of the nozzle 20, as described herein above. The nozzle 20 has

an out | et TROn@zAd 20 B dolififure8 aAPRH APl B Birdct TREIRRA] BEf RBKNPHuA 4 dth and a
hei ght.. The fl ow passage 27 leading to the outlet 29 is configured with

paral | el Hedsiiahery ofithe wheet airibe tmpact poist agress tho fisll wislth bf the whekl. cly. pr ovi des

an emtte t. havi.n a profil.e.wmith.the sa i.dt h and

hei ght . A%;@%?ée?{ﬁqn%gﬁsﬂ{?gﬁ?egrgg g’dalé%éf}ﬁan‘t%om fidna CE‘E?S&?P f‘%‘g@f\%% L section

- I n Fi gur epdpenthieilarao dhegdriphemzdfehe’@heddnpri ses a nozzl e body having an inl et
28, outlet 29, and a flow passage 27 connecting the inlet with the outlet.
The georreW of the inlet %g the, inner surface of the fluid passage 27,
and the oWttsthaepalant nogrle 20 shawp indFig, bisicgafigwed topwitia oqlaphsiraarh of t he
emtted cogl BAN [ ' f% Lerl i ncl ude
configuri ng iﬁﬁgeoﬁlj{ eri o‘?‘ﬁ‘é’ﬁgﬁg‘“ﬁetﬁ l2etfoft?ﬂ}|le palsegglgg{ok%)lglc%ﬁlalfgg?gr bul ence
of the féanfigued to resprict slesprofiteofghe ethidtedapalaat sttdaar Bby camstangerbise f 1 owi ng

coolant to .conform a particular. coolant streamprofile. ne
enbodi rren?efm?%ésﬁgfﬁ({l é}xaipg, ascshﬂ‘fvf’é'ﬁ?’@dgt & OfiHTéeIEb%ﬁ%QWP IPiFk]_@i t here
through i with 8 VgblellhRW48 podiiBnedoRkiaR the REGIRTe SNELMEMoNE BXplopet he
nozzl e. The cool ant nozzle 20 has a body 21 having a | aser bore 22 that

forns an BieHnagudrositionieggftha nowle 29, asdescrthed berapi adve. Abz nbezlwddy, which
is in fluj gﬁ%ﬂ | ith. 8 the.flo assage. 27. .The laser .hore 22 is
typi cal | ;/Jﬁ é’%g)r e %bf;@'}%\f‘dé ir’q?ﬁr%)rﬂgneacetlg r%étym%ﬁlfari VREAAE H@%'d\ﬁsqeﬁgl%he
cool ant fTlewflpapaagge 27 lcalling hetheanube2 P2 configured $th (RPAIR] dideWwslls and

a constant cross-sectional profile, which provides an emitted coolant stream 18 having

a profile with the same width and height.

| ~ A typical laser-targeted coolant nozzle is shown in cross-section in Figure 3. The
coolant nozzle 20 comprises a nozzle body having an inlet 28, outlet 29, and a flow
passage 27 connecting the inlet with the outlet. The geometry of the inlet 28, the
inner surface of the fluid passage 27, and the outlet 29 are configured to provide the
profiled pattern of the emitted coolant stream 18 (shown in Fig, 2). Design criteria
can inolude conﬁguﬁng the interior surface of the fluid passage to limit turbulence of
the fluid as it passes through the nozzle, thereby causing the flowing coolant to
conform to a particular coolant stream profile. In one embodiment, the nozzle is
configured to pass the coolant liquid there through in laminar flow as the coolant

passes through and exits the nozzle.

The coolant nozzle 20 has a body 21 having a laser bore 22 that forms an opening 24

through an outer surface 26 of the nozzle body, which is in fluid communication with




configured to receive a | aser device 40, as shown in Figs 1 and 3.
Typically the nozzle 20 is configured for renpoval of the laser 40 fromthe
| aser bore 22, and for insertion of a renovable plug 50 into the | aser
bore 22 during the grinding operations, as shown in Figs. 2, 4 and 6.
Typically the renovable plug 50 will have a distal end 52 that projects
through the | aser bore 22. The distal end 52 of the renovable plug 50

typically e es Wth the [nner
SUrtace ofieioR pRtlee tECPaH 8GR 20y LR ARBEEE SRn i el R 0

bet ween t heterffica\80 witls drgeolaidt fovd phdseed 2B6f thbaone:1220. Thelapéruwré 226 sur f ace
56 mmcs t sgﬂ{)e of th i phner surface of the fl ow passage 27 that had
been r emoRPIEMEhIIREFIYSR BFeryisyice 49, asghewndn Figs 1 apd3he nozzie body 21. The
| aser bore 22 is configured to provide at |east one line of sight fromthe
| aser bor ; t ggggﬂyqb j bore 22
and the | ggﬁaé%%eggﬁggb@\ggﬁgi a cyli hﬁvﬁgiﬁmgﬁg%@ %?(r{l&]lghﬁlg &;b?) %r shapes
can be uséd.andifkeigsegtion pherephavgblPluhdd irdo bedysepborei2@rdubihgdlic grddinant i al |y

‘the sane shape as the | aset nd is nf.iqured to nformto a seal (not
shown) di 2B¢ gté‘_&fls'r # 3’_“|‘ﬁ§1§5- be @%%wgﬂ&tﬁarwmﬁ%mg@ will F‘?f"%ve a
means of @RGREADS2 tHAEplojdey thidubh ARAaRE bbie2d aBRI iR &d2D ofsHEh as a set  of
~threads 58 that mate with corréesponding threads 38 in the | aser bore 22.

For ease retoviabledug 50 bypically bas splugifece supfare 56 that eeoperatesheititihe iB®eron a

pr oxi mal fromth z|l e . bo fo a i nsertion and
r enoval o% th"géﬁpﬁgﬂ""‘/&s‘ﬁ%g SZ;JI Ofit@%?%zr%fe %@g%%ﬁ%ﬁ?gegpilg@%ﬁen{?ﬁgﬁﬂwi on is
avai | abl epdssaye Ianatthe liserlblote 20, TIROsIAg FiRrsurte 56TManicA 8RS shdpybEMe40 can be
any | aser, which_em %‘ilﬁa visible | aser beam The color and size of the

em tted | HR8grsuRsHPERS low passagri2d dhaiiiad Beensrepmoyed pdcr therlpser 8pstZnce of | ess

than aboul, B8k Sthe NPHEB) 2% he laser is a red diode |laser for emtting
a visible re aser beam THe l'aser can be sel f-powered, such as with
batteries and a manual on-off swtch, or can be powered and controlled
t hr ough aTkolaesr boos 22 tseoafigwrd teeprelidetat least onepimaer sightuframa.th@ladert byopé cal
exanple of,a vigible |aser .is.,t MM (,1.905. cmdi aneter), available from
FP I ndustﬁrzl g’s, °@88’a??8§ag638%%@? . E[g'ﬁﬁ;&gly&‘e 12s6? bo16 32 4 the Qser device 40

are of a cylindrical shape, although other shapes can be used. Likewise, the plug 50

has a body portion 51 of substantially the same shape as the laser, and is configured to
conform to a seal (not shown) disposed in the laser bore 22. The plug 50 will
typically have a means of engaging the inner surface of the laser bore 22, such as a set
of threads 58 that mate with corresponding threads 38 in the laser bore 22. For ease
of removal, the plug 50 will typically have a handle 59 on a proximal end 54 that

~extends from the nozzle body for easy insertion and removal of the plug.

A typical coolant nozzle of the present invention is available from Innatech, LLC of
Rochester, MI.

The laser device 40 can be any laser which emits a visible laser beam. The color and
size of the emitted laser beam can be any kind which is visible from a distance of less
than about 2 meters. Typically the laser is a red diode laser for emitting a visible red
laser bearn. The laser can be self-powered, such as with batteries and a manual on-off
switch, or can be powered and controlled through a power cord to a remote electrical

power source.




"l aser wil

The present invention also includes a nethod of using a visible laser to
align a coolant streamemtted froma nozzle toward the machining
interface of a metal cutting tool when performng a working operation on a
work piece. In a typical nethod, a work piece is secured in a holder on
the table of a netal grinding apparatus. The work piece and a rotating
grinding tool are configured for engagenent at a nachining interface to

renove net r rk..pjece. . The i,y i nterface h specific
interfac eAgt&BM‘gepabﬂg? ggaoﬁflgireﬁréfse{ & t?lﬁ &Wgﬂl ﬁog%g} dlfnﬁlg e@ﬂ ?‘éa}lﬁ%]é:?ff%er y of
the gri ngPngdwhés| Cating, Qhdbecf@inadhhe machi ne profile on the work piece
when conpl eted. The positioning novenent of the work piece and the
grindi ng L{gol rel evant, to one, another js_typical '|Y controlled b){ a
conput er i 288 PESHREABYenEPn also fcludes ampgthed elasingrvigibledases forplign 2epsilanit 11 ui d

oy Stk BRI dFond B BpPAC AP ncINRIAAS rttiebe B o bkl REBANNT

interface during the netal working operation: € nozz
provi de awhas perférorieg a mooking bpdratioryoms aatork pieee. hantybieal method golwbikr  pur poses

of ositioning the, nozzl.e. The operator wll jnsert the yisible | aser
Cprion to. BIEES Beted fsholdéranfie MR S 4 et erimifg FERest 1 TRS Weoz o1 o

wher eby tPﬁp@hﬁ@ﬁdtﬁﬁlg@ﬁdﬁ%&béﬂ RO B Rbred fob SngREBlenREAMENdind from the

| indicate the destination of the resulted coolant streamthat is
di schar getitériasmie teendviegnetaldron thedwerkimgeasp ihatmashinimhiatdrsehas deam i s

configured tQ. ac atel y. reprodyce the origntation of the coalant stream
that wilfP eﬁﬁiceI. e?t%%%prf)ﬁgﬁﬁgthc&nﬁ)@stt?g}? 0@%@@;ﬁﬂ§gﬁp@ﬁ@l}(@?é@@ the nozzle
i s proper g¥ndifg iwbbsleshdandi R ithd RAGEne podil SO theOrbrk Pidkk 3R chiBleper at or
renoves the | aser device fraomthe |aser bore, and inserts the plug that

seal s t heThepesitigpgmatienen of hie wetkideasgnd dhregrindingtoohbrelsrant iomgecool ant
fluid f I NG f l.e duri tr-on,. At ti
urd rr O%I})thﬁé?‘ié Q’?‘g@ﬂ% gﬁﬁt{%lgﬁ B%%?c{o?x%hé?%& o%ntro"ffe'r.n,tq é’togﬂ% "t6% dl{oc-:rrc}gn L anhy time

t he opera can ning and orien i'on of nozzl e by
renovi ng stheanpbiitgondflnidiinseuhicd o pheideahiestreahhef ¢opldmoduldwlihides al i gni ng
the | aser beam al.ong a |ine which passes through the _streamreference

poi nt and“‘@ﬁ@n%dﬂ?%ﬂ??gjq‘@ﬁéﬁ‘eeﬁefél‘ﬁ%kﬁtg opsratienc Thpsgzale CoRligHsd &  Thi s

permits t ﬁ%vfde%Wa%?%alleQntrOQvlﬁal RORLAI IQ&?@&?BQinﬁ%ft%‘i{oﬁﬂﬁH% dehat the profile

of the coolant streamnmatches or I's registere e profile of the
machi ni ngpésitienifgthe noade.| Fhavpeadtbewihinsere ttenisiblicriasat ptilvstoropzrakienaghe provi de
a separat %sﬂb?esﬁger%ﬁ ecog)g]e?éte gv?t%sthe nozzle whereby the directing and positioning of
the laser beam emitted from the laser will indicate the destination of the resulted
coolant stream that is discharged from the flow nozzle during operation. The laser
beam is configured to accurately reproduce fhe orientation of the coolant stream that
will be emitted from the positioned coolant nozzle, After the nozzle is properly
_oriented and positioned, and secured in place, the operatbr removes the laser device
from the laser bore, and inserts the plug that seals the laser bore during the grinding
operation, preventing coolant fluid from leaking out of the coolant nozzle during
operation. At any time the operator can recheck the positioning and orientation of the

nozzle by removing the plug and reinserting the laser.

The method includes aligning the laser beam along a line which passes through the
stream reference point and the machining reference point as described herein above.
This permits the flow nozzle to be positioned and oriented such that the profile of the

coolant stream matches or is registered with the profile of the machining interface.
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not interface or conmunicate with the fluid passage of the nozzle. In this
enbodi-nent the |laser bore will penetrate a rear portion of the nozzle and
pass conplete through a front portion of the nozzle, typically imrediately
adj acent the outlet opening in the nozzle. The emtted visual beam from
the | aser inserted into the |aser bore passes through the outlet opening
of the laser bore and is directed towards the netal working machi ne. The
angl e of f the

st ?eam of qlg%}){ﬂgezﬁét@ e{rﬁl(%r{tgﬁe %M@%@%&e}m&%&ﬁ & %@g (ZO odi nent ,

t he di schaogateofawtmecammhmbatepaﬁlthgﬂufd fd3eageas dic mzlel chethmn be covered

with a clea | as ter] al ich permts the |aser beamto pass there
t hr ough, BW’E’ Eﬁthﬁ ?rg‘%ﬁ(ﬂeﬁ‘ﬁ t?FEﬁaHPP?’(S% HPW?W@“BQ@*?@ into the

openi ng OotohpRte thﬁﬁi%ﬁ atiﬁfn? porlidg o?ﬂf'estﬁ%ﬂe' %ﬁ:@tl&%ﬂe&law 5j&&nt MO Practice
using a multi-axis mlling ITB.ChI ne adapf to” operate LSy ng a grinding
wheel in putgtepefing mathn@mme The bmn@dmbbemmﬁomhmlasaaammﬁomombe ng a

mul ti-axi chine of..thi kln S its to re uce Iex

surf ace pfag? Oé%f’%sﬁest%"“éﬁ PR‘E‘%%PES at%%%ﬁa? ’i?&'iefllt‘&‘ﬁ $ topicis
out si de t he magpeighg kixehine esmshngle\oeﬂ{el mr béém it ctaﬁ bendeRt Ral.
therefore, that the relative notions of l(:::rl ndi ng wheel and wor kpi ece

can be cofissaele afivesisamcof contanifleidsmitied ﬁgmtt anodzlg. sinplicity the
acconpanyi ng drawi ng represents such rel ative m)verrent as rectilinear. 11

dainms ly, t'ﬁ‘ﬁ 'ﬂﬁtgvtéoé?nﬂo% c eﬂﬁs@ﬂargg of ﬂ{@%ﬁfa@eﬁ!. ornl%' %grg

conprising the steps provi drng a a mor pl ece
provi di ngb@cmt@llmimln klchgr glassl mitexialnghiah p&@xhtsﬁhﬂ@sbﬂﬁeemftaq)esscm&fel gured to
engage th&lr Kk aI on t he mactﬂ; ning interface to renove netal fromthe

wor kpi ece’ 'HIW E)hPlﬁ’é( THe Parlans lﬁgomﬁpé@ha@émﬁ%nﬁwhqqmgmﬁ oftheeam of a

cooli.ng | aggflggre.t hrough a nozzl e body having a flow passage with an inlet
and an outlet, and a bore having an access opening in fluid comrunication

with the flow passage and a |ine of
The present invention is carried into practice using a multi-axis milling machine

adapted to operate using a grinding wheel in place of the normal milling cutter. A
main reason for using a multi-axis machine of this kind is its ability to reproduce
complex surface profiles on the ground workpiece, although this particular topic is
outside the scope of the present invention. It is to be understood, therefore, that the
relative motions of the grinding wheel and workpiece can be compound movements,
notwithstanding that for simplicity the accompanying drawing represents such relative

movement as rectilinear,
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sight with the fl ow passage outlet, wherein the access opening is seal ed by
a renovabl e plug, wherein prior to the machining, the plug is renoved from
the bore and a visible laser is inserted into the bore for emtting a

| aser beamthat cooperates with the nozzle body for visually positioning
the nozzle relative to the nmetal working tool, whereby the emtted stream
of codllaimgs liquid is directed at the machining interface. 2. The net hod
according to claim1 wherein the provided netal working tool has an

at ypi clals msthods fag eashismg te remeye mpetal diqm elorkpieea mopTPTisivg| thagteps qui d has an
atypi gl cross-sectional profile substantially the same as the atypical
interface profile, and wherein the atypical profile is a shape other than
a linear, rlgptavidingahoplder foralveorkpiessgl , and curvilinear profile. 3. The

net hod accqrding..to claim Jkliﬂlv\herggn_t he vi sual |y positigni na of the nozzle
conpri ses PH%’(?q’rﬁg?m?tﬂ}ng glopaRBing 2 aRrhingg dntsripseronBgwEity t hr ough a

St eanmneh R e GAAGIRRMnedhORElilRglihRN a_machi ni ng
referengeé’%poi nt H(ﬁ;)rll t he ngz%rriwsllchi ?11? nggilnt e?ﬁﬁf&ﬁﬁ‘.’&#ﬁﬂéﬁﬁ%ﬁoﬁ according to

cl ai mworlipiee®i n t he fl ow passage that |eads to the outlet is configured

wi th paral l,el sid | | s, and. a .constant cross-sectional profile for

o 1 g a3 Lol i R el s S O sollatinutihe care wi dt

and hehohgh a Bozafe Bﬁﬁiyhﬁdixfng'ﬂ@W' a8hpdwiath aR A1ENAdAA a6, kS a BoRP! Vi Ng cool ant
ace o

to a machining 12 inter a net al wor Ki n%_ tool during the machining of

“a wor bgvisgan agespepeninggnthed cemmpaication with vdpasgage vdl adéne dfor a
kpi I i,di t.al ki t ool havi
achy SR ALY DIRLES St LR G RS BRIl 5o ong t he' machi ni ng

i nt er tanevabie plegove netal fromthe workpiece, 3) providing a cool ant
nozzl e conprising.a nozzle hody having a flow passage wth an inlet and an
outl et, and/hsrefihRior tg fheamachinng; the phygrsiramayed &iomvihe Forerndsa wsiblepassage and

a i ng,sef is$h@REd Wtd thetbldfe for Qﬂﬁtﬁﬁg A3, #ﬁﬂ fa ¢ %e}a&%%ﬂﬂ i nBzHfL St bl e T aser
into the bore 1n a stationary poSition for et I'ng a
body for visually positioning the nozzle relative to the metalworking tool, whereby the

emitted stream of cooling liquid is directed at the machining interface.

2. The method according to claim 1 wherein the provided metalworking tool has an
atypical interface profile, and the emitted stream of cooling liquid has an atypical
cross-sectional profile substantially the same as the atypical interface profile, and
wherein the atypical profile is a shape other than a linear, rectilinear, circular, oval,

and curvilinear profile.

3. The method according to claim 1 wherein the visually positioning of the nozzle
comprises aligning the visible laser beam along a line passing through a stream
reference point along the flow passage outlet and a machining reference point on the

machining interface.

4, The method according to claim 1 wherein the flow passage that leads to the outlet is
configured with parallel sidewalls and a constant cross-sectional profile, for emitting a

stream of a cooling liquid having a profile with the same width and height.

5. A method for aligning a cooling nozzle for supplying coolant to a machining
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| aser beam that cooperates wth the outlet on the nozzle body for visually
positioning the nozzle relative to the netalworking tool, 5) manually
positioning the nozzle so that the visible | aser beam passes to a

machi ning reference point on the machining interface of the netal working
tool, 6) securing the nozzle in position, and 7) renoving the visible |aser

and i nsRkatOEr @Mtamfﬂ@oﬁd&ﬁ@%@Pda%himﬂégoftaOWOﬁﬁ‘Jce}&ﬁ}ﬂﬁ%ﬁ’g%?Or .

wher eby the cool ant nozzle is properly targeted em t ant stream
at tHéep§@Ehi ning interface. 6. The nethod according to claimb5 wherein the

emtted visi e a asses. through.a. streamreference point on the
peri phery (Sjlf) %k‘ﬁ’é‘i@%? p%@%Bﬁ’]rt%%"rﬁB’?%‘f aé‘.do a ‘%%rkk’/f:e’fﬁw AND APPARATUE FOR
METALWORKI ptdSidily An{eeXDvAiting ool h&yindBRhBARheAnteRhed cofighicnithg appar at us

for renoval of netal froma workpiece (6), that enploys "a |aser-targeted
cool arfigpgsAls workpmcealpngihe aghipingrinterfaes ta remove matehfranithet ool (2), such
as a g{/&rﬁgiie wheel, to renove netal fromthe workpiece. The | aser-targeted
cool ant nozzl’e (20) has a cool ant nozzl e body having a fl ow passage (27)
for the cGybavidilg acehlamndzaelcamgrisibgadorA@bodyheings lowhpassagt 22) forns an
access .%enj 9 1!&8 th’e% outer. surface of the nozzle body in through which a
vi si bIVEU} gsintet anghyn autlet,and & lases ?@dnﬂvrfbcq%@mlwwkﬂzéyef}ﬂ%vi des a line of

si ght pakdaBe hitPa fih OV PR IATENO Y { The visible |aser (40) can be
insertped |Eehto the | aser bore (Zﬁasa%gb}lget’confi gured so that the visible

| aser beanv] @Brting opesilit dasemintditha boosintal stationgryfpeaitiondof &hiftimpa t he nozzl e

or i pig: BRBLRe! Joopols o e obl s e el o PP BT wi ¢
seal mmzzkhelaﬁtzé@&ﬁéﬁfetalﬁgﬂ@i@&mf’| uid passing through the fl ow passage
(27) can be directed accurately at 'the grinding wheel (2) for inproved

wor kpi ece §}maenally popitigning themnozzle so that the visible laser beam passes to a
machining reference point on the machining interface of the metalworking tool,
6) securing the nozzle in position, and
7) removing the visible laser and inserting and securing a removable plug to

seal the laser bore,

whereby the coolant nozzle is properly targeted to emit the coolant stream at

the machining interface.

6. The method according to claim 5 wherein the emitted visible laser beam passes

through a stream reference point on the periphery of the outlet of the nozzle.
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