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 ade i

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 @reppleadpending Brcllldepivesfull shtperationtivalbiitatBowdd coipRle Wear .

Renoval of netal material froma 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

suffici ent i f4 : LT 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
str eg_mnof 0S4 AR acHitibd) ButhBPrads N ehnORAEAL RifficibR rieAHIPh&at tf bAddke t he

rindi
J J workpiece surface 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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conpartment and obscures any view of the exact position of the cool ant
streamis 1 inpact and of the machining interface. Oten, if the cool ant
stream has not been precisely delivered to the machining interface, the
machi ned wor kpi ece will have flaws due to excessive heat buil dup or
material renoval, and nust be reworked or scrapped. Therefore, further

| "pr ovengift ahe of e athchiRiNiikriackhabdf@!) iR ARABE St Sdle@BMRTnot GREd ant 1's
delivered precisely and in sufficient quantities across the profile of the

machi ni nBreciselyrdedivered dpvibe madhining tinferiaeek ithey masbined rrprkpiecawiilk flavee. BRI EF

SUMVARY : I or dan wi,th a f.irst aspect of.the present

I nventi oﬁjfwgﬁg? gwg%érlg%lihg%ﬁl g, H%tqﬁggﬁ e?%rre%Xﬂr ﬁ?é]&%sgg? 5%%%‘3 fal froma
wor kpi ecscrappedpri sing the steps of. 1) providing a holder for a workpiece,
2) providing a netal working tool having a nmachining interface configured

to engage, t he wor kpi ece al ong the nmachining interface to renove netal from
t he wor kpiegere ngmggdnillﬁ@v?rﬂ@t%fedpﬁﬁlteﬂitﬂgan‘H'F pladie adgfpatendtigarhgt a st ream

of a COO&ddilﬁltiié Qi GerbdD rﬁ?ébﬁﬁégﬁaﬁtpﬁ'sﬁfﬂ%%ﬂi/ QA Rrdsh Me B?c?fﬁ?%?.tgé!"i th an
d a bo | ui

inlet and an outlet, a re having an ‘access opening i n
comuni caachomnginterfadedetwany thasetdeorking taol indehewosipigee. wi th the flow
passage outlet, wherein the access opening is sealed by a renovable plug,

wherein ' Wa] lug is renoved fromthe bore and a
vi si bl e ?fégée)fi S?&@H@ @%ﬁ@?@aﬁ}gre for emtting a | aser beamt hat

cooperates with the nozzle body for visually positioning the nozzle

rel ati velnt @cordendwelidh wairkt d3fedt @6 khe Wo&he yehiieh, @dre iLploside@ametidd cool i ng
liquid Io% directed at the nmachining interface. In accordance with a second

aspect ofor tTChEHEE dAt remove nptgh fram et avarkpipge \sompdising et piepP ©6r Lhl i gni ng a
cool i ng B9zt Y a . L. Lot erf . a
met al vvorlgigng @o%ﬂ{oéﬁ#ﬁﬁé EJ[ %r%%ef %)%88?11‘%%\0% Bﬁg)gléi,ﬁ%c%r?g?]?‘é@ ga the steps
of . 1) ipachnidgnigteafabel cefighred & wapgkge doe veoillpiacevaildiy elee mathinigpvi di ng a
met al wor ki ng tool havi ngl 1;;1 m%ﬁhi ning ingerface configur %d t.0 epgage the
wor kpi e é te51|%8§]5) kefpove met om the workpiece, 3) cooling the metalworking interface

by emitting a stream of a cooling liquid through a nozzle body having a flow passage

with an inlet and an outlet, 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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machining interface to renove netal fromthe workpiece, 3) providing a

cool ant nozzle conprising a nozzle body having a fl ow passage with an
inlet and an outlet, and a laser bore in fluid comunication with the flow
passage and a line of sight with 2 the flow passage outlet, 4) inserting a
visible laser into the bore in a stationary position for emtting a |aser
beam t hat cooperates with the outlet on the nozzle body for visuaIIy
positioning the nozzle relatjve to the netalmorkl tooI é manual

posi t i onfhgflewepatngs | itlsh Dniperting avisibe daser,3up 9 :m‘bé%ée A4 1rag i ni ng
ref er enchogRl B ok RS Mo Mha BLASEAE Sifl b beRIAk¥qokiBgolpol . €
securing the nozzle i posi tion, renovi ng the visible | aser and

i nserti nfpranshallg quositivging ﬁenmzahtl relat:pb lIg the meetalworkieg Itede5) pumeallnwher eby

t he cool ant.nozzle is oro ?{ 8)gij’d%o emt the coant treamat the
machi ni nBPY iR tEdioz7iE saithot gl S IS ProDedmh BssFe O TEATMEEAHSIPES us f or
renoval ﬁ(ﬁlnﬂ@ﬁ #e ﬁlé&fﬁuﬁg iNBFKR EGBe nfeWotGAS 0l,10) RolrlgBE nbesle dn

wor kpi ece, 2) a nmetalworking tool that is confi gured t 0 engage t he

wor kpi ecposal(tmgné 7&H§mpwmgg e viséhle daser and finseing shsk sacuring o rFFmREAIRT kpi ece,

o o COPHBR Lo REE Bedaiehoh ubbield it bfaif Mhle R SER A hrddell i fumiiifie NOZZ €

t he flowonmﬁgm bﬂﬂeﬁﬁchﬂir%tmﬁﬂ@c@n outlet, and the laser bore has a line
of sight with the flow passage outlet, and §) avisible la efréorermvably

i nser t edHptsiro disslospddara megtd| maphiningc apngeatay dar weval R M6 Body for
visual ly o) t tHhe, wher eby
'he- om + VEFPLE SirigisalE 2P i 2 Tkl chey 28 RSO AR g
interf ac&mﬁéhﬁad Wi apags el mrlepiecet abng ni maéhiging dp@rfatel o fmoveematahl of

metal from a workpiece risin a holder for_.a rk'ee 2) a

r ot at i ngtTefmthe WagkRiees 3} ﬁ&pnfagt %%?q @aﬁgwttmga HrrgmgRf 3 FR0 &l&‘&f dB% at a
machi ni ngy, Ll @l afe é)n(gzpzf@)ﬁ/&i[yrfﬁ Tﬁa&% ge WRd Kwdselcﬁ‘orev\t@ﬁ‘éréihfthé he

machi ni ng I nterface has an i1 nterf e pro 3) a coolant nozzle for

em t t i ngflow phssagerhaf amindd @hdian obtlet] dod thiedaser holteﬁels stlineanhisight withdhess-

\s/:ag;[ Ibf) gab%‘g ré)?lgslalgg ogt bSt adnjf)I A \lnls%le:[ lta(saer%'grrnlgva yTirps('?ertgﬂ:c[1 nto {hecl sef li)(o)%ce' khat and 4) a

cooperates with the nozzle body for visually positioning the nozzle relative to the

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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cooperating wth the cool ant nozzle, for visually positioning the nozzle
relative to the netalworking tool, whereby the stream of coolant fluid can
be directed at the nmchining interface, and wherein the cross-sectional
profile of the streamregisters wth the interface profile of the

machi ning interface. 2a One enbodi nent of the invention relates to a

| aser - t aOgeteadodmmdnhiof thedazdrgioh @¢€lates €o bNaschpPgatédehbotan hanile fdruisd o0 a

machi ni ngp ?ggar atoiqsqt,f r..renoval of netal froma workpiece at_a nachining

i nt er f acBPPLEB&pFq g&u‘?l)toaac’GB‘F}HWPgn@ﬂ’z“Faéu%é@'y remanah Pfametal fpBagsage and
a | aser ; (=Y . f: : | and the
| aser bo?gf o?c#s}%gﬁfng%ﬁé@gg l%tgégﬁ%ggéﬁgﬁ?lﬂg's %ﬁ?gP&gﬁgl;r?%g% l%?lyﬂ%gli If%%zl e body
and has flawlpassagohnda taser hoird, lwhehan theoflowp pssagpehasanlislet andreh ditleg and si bl e

| aser re ably insertable into the.laser bare, at ¢ er at ith the
ozl e bORYPHPot GHE 1 AEESioPEORE G e or SRR AL (oSl P AHIE Lo t he
machi ni ng1iae BASighiSith MRETRPYaskdlR MECARY 9f a CRMIARSer Eindysbl¢ #ieRb1El M ect ed

at the machining interface.” Herein disclosed is a nethod of using a visible
| aser t oing® therlager hood, dat cooparatns wiitht the diozfle by faroasuatly positivhimgttbear d t he

machi ni ng i nter e nf. a tal gr.inding tool en chining a k piece,
conpri si %’é) I%nenof%%gprgﬁg?@ tol ep?‘é}@? 1in|gga wr?g‘fsalw\,}@bﬁbwi tﬁg SHS%Ba‘%a‘E"&!"%%avi ng a
tabl e anfluid cakbalirgted gt thi@mablighingamerfaceyor k pi ece secured on the table, 2)
provi ding a cool ant nozzle for directing a streamof coolant fluid at a
nmachi ni n intg_rface .on the netal grinding tool, the cool ant nozzle having a
fluid enewt disclosedds a mathodoh usreet istble lissrie aligy 2 spelonictisamenyifted bl e | aser
for em tgi j+ S I : : i ak| er with
the cool o ool SoptE xR Akt RFACL BF Akt BPAhESST o
st ream rmhchiginga porlnpiaadcomgissg ds tteps oftesk)i pravidong afmatals voedng of
coolant fluid fromthe EI uid outlet, 5 osi tioning the coolgnt nozzl e
mﬁgzgefgg;a 98

wi th t he'PREEHS lavae 3 f20iopnd ¢ el eripdy PRe sy ek rieee sgerd gadhe | s
di rect edagle, 2) PRBABINGI @%oBl‘ﬁﬁﬁﬁl@iH@ 9O ifFbotin ) a SEEMD Scddint CRGIART 5 NOZ21 €

from novenent, 7) passing cool ant urd through the cool ant nozzl e,
wher eby maghiging daterfa¢e ondhametdl| grirdling momiln rescdolmnt meetle dianing atfbrd ace of
the met aAutl%[ &1291'115 9 tst(r)é)alm e er%nge? p%ﬁhﬁi)niar%%icﬁggea visible laser for emitting a
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.




wor k pi ece. One enbodi ment of the invention further relates to use of a
visible laser for targeting the orientation of a coolant nozzle, thereby
directing a streamof coolant fluid at a machining interface of a
machining tool with a workpiece during the renoval of netal froma

wor kpi ece by the machining tool. 3 BRI EF DESCRI PTI ON OF THE DRAW NGS Fi gure
1 shows a schematic di agram of a netal worki ng apparatus of the present

i nventi on, BRIEESHRIEETRSNORTHIOHhRA WHEES for renoving netal from a

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, showi ngFighee Eelsivesrn schomatiediagrn of agealwarkingrappiratis of thetprésent d.  Fi gure 3
shows a cr Ctq L ew.t hrough e laser-targeted coqgl ant nozzle of
the  procelterfE i RORed 1 S EubALRYALL RE redihe iBP EPBTAROMMERS: - Fi gure 4
shows the hivigga beetiafRbdd cobRit AbzAd Witk Qb1 1iBRA4Le poditibhdl thereiniher e t he
visible | aser has been renoved and replaced with a seal plug. Figure 5
shows a scg,emat' ¢ diagram of an alternative |aser-targeted coolant nozzle
of the i nVAEHES DRhoRst eﬁqrgérf«'ﬂl% i phRigurek showingiths enpdantopsei n. Figure 6
shows the ﬁﬁ@{, ' j gure 5, show ng the cool ant nozzle
emtting aég?reamb‘g?aq%:oo Og;?tn?PPﬁ'd. DETAI LED DESCRI PTI ON OF THE | NVENTI ON A
vari ety of metalworking tools can be used to renove material froma work

pi ece. A Figprechshomstaxirossskétitgiat viel though dredusengargeivé coahntimzalegf iteder |,
nore specificall . indi ng.wheel . The.grindi ng wheel is used to renove
mat eri al fIFYS?ﬁ“é“(YA’Bﬁ‘kOfg?%‘é‘Hga%éﬁ‘é@ﬁ%ﬁbﬂosetﬁgl%ﬁml e of the outer periphery
of the wheel. A typical grinding wheel can have a flat profile or the
profile caFighe £shovislth&ass setedal kigheal the bodlaisR10 ¥ FRN 20k helB@id-

Typically the profile of a cross section of the ?ri ndi ng wheel throughout
its entirasiglslagendasbeen remayad andireplyerd withgseadplugal ues of surface speed

- for the type of

Figure 5 shows a schematic diagram of an alternative laser-targeted coolant nozzle of

the invention with the visible light laser positioned therein.

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




grindi ng wheel enployed within which enhancenment was achi eved was from

about 10 neters per second up to about 80 neters per second. Figs. 1 and 2
show a net al wor ki ng assenbly that includes a netal working tool shown as a
grinding wheel 2 rotating in the direction of arrow 4 to engage a wor kpi ece
6 that can be noved into the rotating wheel 2 in the relative di rection of
arrow 8. The 4 illustrated operation is known in the art as "down" grinding
in a cont anﬁsura%lo@eraﬁf)nwl&ow&ﬁhfm@é APadMB G gi‘ih&ﬁgf}ﬂﬁ%hﬁ& ﬂegmﬁgf'ﬂfé to work
just as well with "up” grinding. Essentia process of the i1 nvention
i s a develeopdiagivdienl. dfhetlhéer}ﬁnooc:e’émn&tmmmrlqsstwrveﬁébwi‘tbénp"ggnnddlgwg, al t hough

this may d.as so thi ng.of. a ce the enhancenent
resul ts |15E% %%?g%%ﬁr?ceﬁ% 8%?“ B (%18? E&’ rfg.tt]é?PraFeSS eVBAF ndi ng
wheel 2 i groepiaddegtinding am;@mmg MMeQeész&%sréoﬁfEt}Q 6f£ﬁﬁ*1noﬂﬁa?9m9é chuck
12 which is part of a standard nulti-axis machine. T%e wor kpi ece i's
secured i %@ﬁl‘i@i’f@ﬁt reswltsip ypiyinwd fastermsaoyalodf workpigae imatprial.xt ur e 14
illustrated as a pair of nounting brackets 14a and 14b, on a surface of a

ari i g P sandhe yisbr R hilEyed QPRSP FLENERY B o
cor r espondhuak 12hvghivh titgartodf at stmdardovioli-Siig inacliné, €Tk Wotkpieth @ is ¥evulddi ece i s
noved into an i S macgpned by the rotating grinding wheel at a nachining

i nt er f ace™ePst %?“tf%?“é nhei ST ERGS gpe mounbng finprutbdlliesatedrasidiaiigpiof t he
di stal ti pRpuffin@biablicd T dHdads, OIP§ glﬂ'fz{c@ o?amhﬁﬁﬁéifgﬂﬁ RN KRG J.hgl” ing the

grinding operation, as shown in Fig. 2, a stream of Tiquid cool ant,
typi cal | yinyention isidendediaben "eud- pﬁtsls'églmdmg pmcess] ﬁmaﬂdﬁw%agﬁhcﬁng ect ed by

nozzl e 20 t he chi,nin |nt t he her 2. The
nozzl e Zowile}gel thel gt O §PrIesR %‘g&%@%ﬁﬁﬂgfﬂﬁ ‘%/%}‘Ireéol %ctl on and
filtrati omosypsdcens m&pmhtcpeaﬁll@ﬁ{acﬁine%?ﬁw &Eaﬁﬂ%fgﬁﬁdm gqc0l lected in a
sunp (not shown), in the |ower part of” the nmachine dravvn of f through

an effi m@ﬁ?hlﬂingtniﬁaltfﬂ%wwsystemto renove debris down to a particle size,
typically of at |east, about 10 m cron.

A typical grinding operation includes the grinding of the distal tips of a turbine blade

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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Integral with the filtration system (not shown) is a high pressure punp
system (al so not shown) that delivers cool ant 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 pressure 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 mnute. The cool ant nozzle emts a stream of cool ant
at a high [ . g e. M. th ri,ndi ope ion, the
ool ant st e The ANAGRE IMUCR of AR veb Ry ARG BRI Ghe Gt
resul ti ngspeidirotaiing gofdihf evheelgian s teintpin€iog asihntsSvie ampMshhin Blatégh-

speed rotati Pg grinding wheel causes the_ 1 npinging coolant fluid to splash
and spl at ikl dirgptigns, cagatipg aiclny of cpelant mist and drepletsthatcabsiraeis neatkt  and
droplets UGS . the visibility of the machining
operation%%%%?fﬂlgﬁg%@ﬂg%g?glgg]?iggfgafp%\%wgf the stream of coolant to the
machining interface can be inportant to achieving effective and accurate
gri ndi ng. Nevertheless,quecise taigsting vf therstpan lof coblamtad etk mackdning heeEssany
portions of.the | nding. wheel ,. fault rindipg can result from

over - heat Bﬁﬁn%qmg%’a&%gﬁﬁ%@c 41 3 H%’\Q‘%\@’* Igﬁn&ﬁlée%lﬁ’%ise‘% Si nce the

hi gh speegpeily Hhect@Pey At h2BssBFyERRbnsHMhd grifling Wheat faﬂﬁyghﬁdi gemnt stream
- at the targeted portion of the grinding wheel, after the grindrfng operation

has beguntesulf fenyeves-dattingriandicsecssias nitaletroped ftom teovorkpieteyy position the
nozzl e assenbly, prior to starting the coolant stream and the grinding

oper ati ong; _ . ' assenbl rior to.the start of the
gri ndi ng (S)%IE% aﬁ{eih%%f \éﬁse(?l@g? gﬁ%rﬁﬁé %g&gr{fgg%g@rgée%q% ti‘&f’?"éé‘?‘ Sfrﬁ@_’st ream of
cool ant 18 the tnewuted porfibhof e gaindingevivelpaer the eAhiRR opefitibh ﬁagﬂsddgﬂﬂ,l ng wheel
2, shown as machi ni n% interface 19, the nozzle 20 is configure with a

| aser bor B RESERUAYHIIRRIERS dgvelprgdipaceyraiely position thenezghe srseipblyi piiemed. The
laser  boiySizang theBORhOMU G grﬂtﬁggﬁg&ingeg%%gl VR Y §66ULE the Taser 40 in

a stationary position. Ini1ts stationa ion, 'the visible |aser 40 -
can enit melabeorkini agsepatily eribr withe stattaighagrindie A3ratine Toagurchbateh? i s

cont i gur g Me' Y Nl Afecl B 5tEarh of 0ol i WFRES) b A2 prihet location

on the grinding wheel 2, shown as machining interface 19, the nozzle 20 is configured

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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| aser device 40 with the outlet 29. Mre specifically, the | aser |ight beam
emtted along line 23 cooperates with a streamreference point 25 on the
peri phery of the outlet 29, to provide a targeting nmeans for visually
positioning and directing the subsequent stream of coolant 18 fromthe
nozzle 20 at the grinding wheel 2. Typically, the netal working operation
requires that the profile of the emtted stream 18 of cool ant registers

with the I NI ibaterface 19 on.the periphery.of. the rindi ng wheel 2.
To. ensur e 23 AR lBa Branted Retat speefitahicetrint il 19e0dhe  prof i e
of the coabaild owidt @81h Wicbbberitthelind fstbRarfalll REnNIBABEMORY ThEhRERAGS, t he
machining interface 19 wll have a profile having at | east one nmachi ni ng

r ef er encetfEFsn¢a potat 157 seleefed yherahy, wherhiha ivisgble dight baagealpeg line 25 and t he

streamre ' I htikoned. uppn.the.profiles of .their
respect i véﬁﬁn@gﬁﬁrﬁ (rq{geﬁ%sne?et%%g%g%fgﬁggé 1 rﬁglf%ef%ﬂglﬁ] Ef ﬁ‘g’qnﬁﬁ%mé"%ﬁ‘&gat i ng
and subst mftremdd poisti I8, tiarcobbmaonfe 201Rromelyi thigetd ahabheeaes Grimd Nt 15 i's
sel ected ereby, when the visible light beamalong line 23 emtted from
the | aser® ?‘Q’é‘% eﬁ‘g‘ﬂ EXRPefdofegi stered with or |ies upon the machining
ref erence point 15, the coolant nozzle 20 is properly targeted and oriented

for the AYSRAGNRIEiQNPIAL N0/ IORARRL B1A0: 40hsBHOY Ml theliddr b bIIE NOZZI €

20 having the laser 40 inserted into the | aser bore 'S positioned
manual | y, pesttéansd ynanivelly;i vehicpthy the sisibled baen eaongong hve 2Bppasseuphopugh or
al ong bot he streamreference int 25 to the hi ni ng reference point
15. In fth&!ﬂgﬁg E%‘E‘it{““f Fam iy efﬁ%"&lpé’?ﬂ% 2369 g‘reénﬁ%gﬂlﬂgé SIepRINY . arld WSt i mal |y
pre- posi t paaish, iRIcobht nG2MSRAUREA prREAY Wod KptiEaIBPEiedidsRidned RE the
pre-positioned and targeted cool an? nozzle 1s theh assured to emt
proper | y Shseauentapetalriingapertionaihe greofosiimied and targéted egolati@ozatmc hi ni ng

i nterf ' { he. | ' () . Th I t O i
posi 11 oncd TR hef 1 e BRIy MR BRERIH Rk slpiin RS L RRTAIATRS EiBoni o
pressur e machieing iBediceciOodatiig tht giitdingbpahktior) a substantial ly radi al
direction to the wheel circunference at a point in advance of the

machi ni ng., nt e[face 92 .Typically, a support stand (not shown} is provided
upon whi ch*&¥elahBeZAk ® spiopgd proximate to the periphery of wheel 2 to deliver

the high pressure stream 18 of coolant at the wheel in a substantially radial direction
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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secured. The support stand is configured to provide up-down,
forward-backward, left-right novenent and pivoting of the cool ant nozzl e,
for opti mum cool ant performance. The nozzle is typically configured for

i ndependent novenent relative to the workpiece and grindi ng wheel.
Preferably, the nozzle assenbly can be noved or rotated in all directions,
and can be oriented or positioned to discharge the coolant streamat the

grinding : odi nent
11 st r o Sopicd f agprip P HRAGBH A Mok Vool Bl 1R Bing el InATROC,

cool ant i rendengthepectdfiren dheeorkpiecé.afiypitalttoezipatreph erofiled cantte 1me@| to
obt ain sub .anti al I even di strl bution of cool ant upon the machining

i nterface” efg 1870 HEY %V@P OTSHXURSIY | e can alternatively be configured to
provi de an emtted coolant stream having a cross-sectional profile of a

vari ety offhehepes20 Istoafigyted 68d aPRealtd 8fect tﬁélﬁrefaﬁpimco%hhﬁﬂﬁ?d% ofile and
size is confiqured to match the profile and size of machi ni ng

i nt er f acethseftpierinef He whnek atrhe tropact peiot acrosrthe @deadth Ofthqn?d‘leleh Ieonst ant | y
7 | fith | di
wheel T ¢ hiyh€obdior Ot by SRR IO Bl Bl PR R s B an iy o

- stream pr pérperelicutarto lee pdriphary, of thewhédli near, circular, oval, or
curvilinear. The nozzle 20 is configured and arranged to di rect the stream

18 of coo t fluidto th perlphery of the wheel at the inpact point
across thgﬁ&ﬁltﬁ‘eﬂﬁ"g‘ﬂﬁnﬁﬂ? ﬁ@ shgvabm Fignl 1sconbigwisd taemyfcoolant steeagt ef erred t o

~direct thgut r Iar to the
per pher y ar o &ryapaldt Slgraly SphRE bR AP SlhorRELREAL BY' 97 |
conf i gur eehnfiguesdito restrocs dhwmﬁhiofehmmtmdtcoﬁhns stmanel@aﬁamjmneuahmosﬁ- y from

the outlet of the no nozz an, al configure o_restrict

t he profi?egg%’?aﬁﬁlﬁga'éﬁzqapg E‘BWQFH%’& gegﬁ‘lﬁ %P ment gt ﬁ‘tm%F secti onal
size and &HRER vidBleI A0 ?BmFbﬁbd Within g BERAUSIBIDE ine néBﬂmofﬁ: IG 5 wth
the visible | aser 40 positioned within the |aser bore 2 e nozzle, for

proper tfamjéflg ﬁ'gi BeRitigniRg of thanazplo 20 tareleswibed dorin abnyed dbe nbe 20er ei n
O & g s MREENE AproRRSnas BlbElnafcly Pl gfar Wi s i RBPA Y G Y

rectangular aV|ng
The flow passage 27 leading to the outlet 29 is configured with parallel sidewalls 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 configuring 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




The fl ow passage 27 leading to the outlet 29 is configured with parallel
sidewal | s and a constant cross-sectional profile, which provides an
emtted coolant stream 18 having a profile with the same width and hei ght.
A typical |aser-targeted coolant nozzle is shown in cross-section in Figure
3. The coolant nozzle 20 conprises a nozzle body having an inlet 28,

outlet 29, and a flow passage 27 connecting the inlet wwth the outlet. The

geonetry i i . A f e fluigd pass 27, and
Phe out | e ANE paRebl o7 e feer bbAORY AR e Rvald M PRIRRETR ofc
emtted comédimte 3twitathebBolaahibow padsags U7 ofthe nBEAE DM Thé la€éribdre 220 | Ncl ude
configuri ngqlfggrhggl nt er.i.or gﬁurf ce of the fluyid, passagg to limt turbul ence
of the fF forrepravsa lasendesisg HO+s #sshawnan Eigstlmdday causing the flow ng
coolant to conformto a particular coolant streamprofile. In one

enbodi nen b8 i WolF]s VRRSEh gaaqh elol her e

t hrough i Eyf%ﬁ‘lﬁjr/]gfrezr%lh%\?vagsls ?ﬁlg%g%glfgﬁﬁe%passesé Pﬁ? oug &grrﬁhdé %ia!c%i{[bgyr% he

nozzl e. TR3 anddbumsertion of arexirviabls pluh5elint@ thelaser hore22| dusiae thogrindig t hat
forms an qQpeni.ng 24, thr.ough an, outer..surface 26 of the nozzle body, which
isinfluf régb?#u?‘ﬁ %@Wfldﬂ%gﬁstﬁz‘@%téeTWIWﬁ’ﬁﬁgwaﬁ .P?%g(%l‘”é‘i??" re 22 is
typi cal |'ydiseen®s tHavgiofect Hrdubh eS8 BoAl 28Mhd Qi8N dnds2 iqnevi th the

- cool ant flow passage 27 of the nozzle 20. The |aser bore 22 is configured
to recei vEmovahleaiugdt fypicalip hasaplyg doge sunfass 56 that eovgpedtesTyigh thalihyert he

nozzl e 20_j | f val o | aser .40 fromihe | aser bore
22, and f%drr?alc(ré]ggr e‘%\‘;g?ssgéer%ﬁ%qg}é%?%zzk %dg}‘ﬁ%g %%er?qgggﬁggéyee%ﬁ%ﬁ%y during
the gri ndpagagediveandtthohiser se 3 O plag Fa@Surfdee 36 ROHicE theldhBhEaf thy t he
rennvable,pl;gug% wi. |l have a distal end 52 that projects through the

| aser bor ¥nopsuripge ofthedlow pasepes 27 dhatihnd beerwomeryrd whenthedesarpprac?d |y has a
pl ug facewgy{oflﬁhggﬁﬁletﬁggﬁegg ates with the inner surface of the flow
passage 27 of the nozzle 20 along an interface 30 between the flow passage
27 and the | aser bore 22. The plug face surface 56 mmcs the shape of the
i nner surThelasatborti22 fs| confipasd tigerogidetah kinsttoae Hne ofi sightburadhataser tidne | aser

bore 22 ya & fjl(e) rﬂggvdpalssnag% %ﬁtl&%@.z lIeprc%ﬂy ﬂlze]'lhser bore 22 and the laser device 40

are of a cyliﬁdrical 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.




“source. 9 A typical exanple o

The | aser bore 22 is configured to provide at |east one line of sight from
the | aser bore 22 to the flow passage outlet 29. Typically the | aser bore
22 and the | aser device 40 are of a cylindrical shape, although other
shapes can be used. Likew se, the plug 50 has a body portion 51 of
substantially the sane shape as the laser, and is configured to conformto
a seal (not shown) disposed in the |aser bore 22. The plug 50 wll

typically s of . . |.n he rasurface of. the r bore 22,
sten as 2ASBRER RSOV BRI S bR T 003 L 8BBEh  Hib BIE 35 T the
| aser bor EPAddushiys, Eatsmo, QlicheeOMAMa. the plug 50 will typically have a

handl e 59 on a proxinmal end 54 that extends fromthe nozzle body for easy

i nsertion_and rempval .of the plug. A typical cool ant nozzle of the present
i nvent i onTPE PERFSRtIBYSREOR RlSRHn adrethdd of wsing Resiledper o fign aepolaniser

devi ce 40taih Pifittrdn? 3 Bbza e W adhinth ®Iridrfuck 39 & b AReinECO! Of and
size of the emtted Iaser beam can e any n Feh TS i BFe Trom a
di st ance wtheh pedorntihga waddug oeratddreos a whylppizat.| In 4 typickbmethod sa worked di ode

| aser for emttin .visible red aser beam, The | aser can be
| selsf - poneP¥E® lssgﬁ?;‘ﬂ’e‘i? %ﬁ?lﬁerl?é?t‘gﬁﬁbi%oéﬂe@?%%% PRA U %W?‘il,‘h, or can be

pover ed apgos ot & RIiBg glﬁamgq?olaareesm%.ﬁaf for bRedkch RIS lﬁécﬁﬁh%%cal power

_ a visible laser”I's the MM (1.905 cm
di anet er) intenfase fatsmovemestal fRm thedwerkrpiess, Thaweacbini@iebelce Bammda. The

present ipvemti.o | so i-ncludes.a net hod of, usi,n visible l.aser to align
a cool ant S?es?{}icel %f%?ﬁ?rtogge 4@0%“5?@%3% Hrgﬁ)groth%@%mp ?rﬁé’fi?}fﬁ erface of a
netal cut gdifding Gbkel, ¥aeRilp@fh Midinachide Wofld ROhRRAITR piced wikkn %N&?Iekedpl ece. In
a typical _nethod, a work iece is secured in a holder on the table of a

metal griRBe Aepitgries @pﬁ@menﬁ)rwéﬂwqxrk_péw@@dmmg teol relevgni ledinag t ool are
cont 91 ol EOATSRTE ot T AR DU L8 0, LR, o
t hat conf siream éficoblaat finidfis iveunted td provitdeghe peganpbesaplt flufieat tiy | ndi ng wheel ,
and wi i ng,(rsﬂpmlng?nte gcrzei yu?in‘g) rtl?é rinlet%lxggrk}n%eopve\:?a{tilén.p iT%g %o\z,gllee 1ns c%?lir{glllr%& ?c()j '

provide a laser bore into which a visual laser can be inserted for purposes of

positioning the nozzle. The operator will insert the visible laser prior to operation, the

visible laser will cooperate with the 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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The positioning novenent of the work piece and the grinding tool relevant
to one another is typically controlled by a conputerized controller. A
nozzle for directing a streamof coolant fluid is nmounted to provide the
stream of - coolant fluid at the machining interface during the netal working
operation. The nozzle is configured to provide a |laser bore into which a
visual |aser can be inserted for purposes of positioning the nozzle. The

operator ' b Si ' i sible
her w1 1 S aIRANS bRl R PR anBr ol | RotBR Bpiore Bock T omi ng
of the | aseintcpfeemerintheaicdte ettt the fluabeassagelolf thendizelat én thie destinati on of

the resulted .coolant stream.hat is discharged fromthe flow nozzle during
oper at i on®™ %“qe&L@‘retlasﬁ’é ‘?FFi"‘é‘thﬁﬂ?tf"é‘Eu?é‘?i‘r pertivaof thanozgleaad pasfuce t he

orientati e&m?%tetthﬁmgealmk péﬁfoﬁ%@‘!tﬁehﬁ;zzle‘,"‘cylpilcaﬂ? ilﬁme&ffaga@% %(ggéent fig posi tioned

cool ant nozz After the nozzle is prope oriente positioned, and
secur ed i Authitapening iethe perze.oThe emittedsvisuabbéans Fomdby laser infertechintoghd aser

bore, and,inserts the.plug that. seals the |aser bore, duying.the grinding
oper at i on SHRISRIFE O&gﬁél?‘ﬁo qeaf)ﬂenf“?%ﬂ{etlhgzaé%lﬁorﬁﬁ?d Hf‘fl’feﬁ dé%‘ﬁ’l‘rg?lt nozzl e
during opemaéthidrkiAg nilink] Mhe bigle OP HeAhRE bEAR emBfdISHK blharapeBivithoni ng and
orientation of the nozzle by renoving the plug and reinserting the |aser.

The net hotheigagiewddie sirepmmfivgolantilnidsanttpbfamahonegzde. | i ne whi ch passes
t hrough the streamreference point and the nmachining reference point as

descri bed i aaéﬁg% : ' ) I zl.e t itioned and
oriented Isﬂ@h%%at t Ogmﬁ?%?ﬁgg)%@l]lghgr Mégog]ft Igﬁ%egﬁ.‘ eogﬁlllena ‘%%e;rﬁﬁ (g)rc 51|1 S
regi st er ebl vavietedt wigh priehi lessahatelisl wkich paintigs thelaeéfteam. to Pasd the@n

alternatiye e di t the nozzle can provide a separate |aser bore that
does noteﬁf‘m%?‘?‘&agﬁghpr@ﬁ?ﬁﬁﬁ? aptdlust fiem spdashing back qie theeonspingid thfozzl e, 1n

this. e L't the laser bore will penetrate a rear portion of the nozzle
and pass conplete through a front portion of the nozzle, typically

i mredi atel y adjacent the outlet opening in the nozzle. The emtted visual
beam f r onl Rheresens ventigyeiscadicdnnio nragtice uaingr dtiexpasilsg thaclkiogh t he out | et

machi ne. b a8 B { e e plret  Baromett e Gt £,
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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the angle of the streamof coolant fluid emtted fromthe nozzle. In the
above enbodi nent, the discharge or the outlet opening of the |aser orifice
can be covered with a clear glass material which permts the |aser beamto
pass there through, but which prevents coolant fluid from spl ashi ng back
into the opening of the |aser bore. The present invention is carried into
practiClaimesi ng a nulti-axis mlling machine adapted to operate using a
grlndlng wheel in place of the normal mlling cutter. A nmain reason for

usi ng la hinethodofer smaghiameante rsmoye metal; frpm jaswenkpiegnhicompyising the giepeluce
conpl ¢ surface profiles on the ground workpi ece, although this particular
topic I1s outside the scope of the present invention. It is to be
under st ood,l) ptiaidiige deldehfe aterkpieed,at i ve notions of the grinding wheel and

wor k iece n be.co s, notwithstanding that for sinplicity
t he gc_corrp praviling ggﬂ‘ﬁ%"”?&‘g‘i‘%@@ﬂﬁ%‘“‘% VY@P%ﬂW a‘f??ﬁ?@ﬁgﬁrte dig ¢ e(r:r{) ilinear.
11 O ainphge the wirkppdceAtbnicThe FRERhRE gﬂteffgcer tﬁg%g‘?emféﬁ frthQH%:(a wor kp' ece

conprising the steps o 1) providing a h pi ece,
provi averkpigearet al wor ki ng tooI having a nachining interface confi gur ed to

engage t he t he hinin nterface fo reno netal fromthe
wor kpi ece, 3@?(’0@%‘&%%86 ‘g #E}%P%% Iﬁﬁt‘%&ﬁ‘g&eémb OEIP,%X’&%@ stream of a
cool i ngrolijzleld n6zz1¢ BEdUGRinE 067 pessepshvith ay inet &dfah%ﬁ’tl&a&%ﬁﬂﬁox‘é‘ th an inlet
and an outlet, and a bore having an access opening in fluid comrunication

with teeng %mﬁa%g@mr@mdhad pommupicaties with thei flaw Ealrs@agd zmd qdﬁhms%fge out | et
wh t
the. kst BRREERAR oBREN el SuREaY B BYeB EIRY BGRIBIVE (1DPC” Taber s

i nser radovableplufie bore for emtting a | aser beamthat cooperates with the
nozzl e

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.

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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body for visually positioning the nozzle relative to the netal working tool,
whereby the emtted streamof cooling liquid is directed at the machi ning
interface. 2. The nethod according to claim 1l wherein the provided

met al wor ki ng tool has an atypical interface profile, and the emtted
stream of cooling liquid has an atypical cross-sectional profile

subst afferfabd ot 4 hietabAGRIRStbMNurfHeARL BilkhintHeSr ATEPIRL dfprfl tyher e n the
atypical profile is a shape other than a [l near, fecti |rPear, circul ar,
oval , steps@fcurvilinear profile. 3. The nethod according to claim1 wherein
t he vi sual | Ll oni f the nozzl copprises aligning the visible

| aser beamlélpgoﬁédl%a’g??‘H@%bgggi“ﬁodk?lﬁ?eo HOSPI%E%m reference point along the
f1 ow passaggpaidies a aithl@ofl@egiodl REViAEE BlaBREReRMehcdbdnliBBred#®C i Ni Ng
interface. 4. The nethod according to claim1 wherein the fl ow passage that
| eads S82gethe Borkpigceialongthemaghipig infetfacetarempes metaliboaithe and a const ant
cross-“s{rglt_,iie‘g@al profile, for emtting a streamof a cooling |liquid having
a profile wth the sane width and height. 5. A nethod for aligning a

cool i ng no3;bmviding 5 uppihntinogzle comdrising @ nazAebbdyhaving 4 Rowipassaf@ce of a

met al war,ki ng, t ool durjng the machining, of a workpiece, conprising the

st eps ‘Gt an et ?‘H?‘HB*&“H&N&?F pisrn Auigheqmypeasatigngvish sdlaw ece, 2)

provi gia&d i : i hining interface configured to
engaggjthg@mﬁﬂ@gﬁg@hgmn&aﬁf&ﬁgﬁgﬁ?ht erface to renove netal fromthe
wor kpi ece, 4Binsertiog adisibje daseomtatlie botzinlasstationgyi isitign foneaittiie Hody havi ng a

fl ow passage ith an inlet._and,an outlet, and a | as bore jn fluid
comu ?Sgﬁﬁ‘%ght% FAPPPIAEES 1 eﬁﬁg%é’é‘ég%tﬂ%ﬁk’ t?q%ﬂgob‘fls‘éﬁ%ﬂﬂoswoflwgt he flow
passage wizzleatlatida tol tAS BletdlWBrkingiosl bl € | aser into the bore in a stationary
position for emtting a |aser beamthat cooperates with the outlet on the

nozzl e body) meruallyeaitioningdks nozzhd seghattthe visibkelaserbehmtpasses toa t he
met al Wcﬁnﬂ% Ileﬁe%rrce 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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5) manual ly positioning the nozzle so that the visible | aser beam passes to
a machining reference point on the machining interface of the -netal working
tool, 6) securing the nozzle in position, and 7) renoving the visible |aser
and inserting and securing a renovable plug to seal the |laser bore,

wher eby the cool ant nozzle is properly targeted to emt the cool ant stream
at the machining interface. 6. The nethod according to claim5 wherein the
emitted vi sSMERBIORsENDYSBRARATEESFORMBUARLVEORKINGWEING eGOOIpoNTt on t he
peri phery of the outlet of the nozzllg ES_B METHOD AND APPARATUS FOR
METALWORKI NG USI NG A COOLANT FLUI D L8 'RACT A netal machining apparatus
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cool ant nozzle (20) to apply coolant fluid to a machining tool (2), such

_as a grind:mgt ininggppagsdontemmival ofanstehizomenkerkpices (6)that asgloys ar get ed
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| aser beam (23) cooperates wt I onl ng ur
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the visible laser beam (23) cooperates with a positioning feature (25) on the nozzle
. body for visually positioning the coolant nozzle (20) relative to the grinding wheel
(2). When the laser (40) is removed and replaced with a seal plug, the stream of
coolant fluid passing through the flow passage (27) can be directed accurately at the

grinding wheel (2) for improved workpiece grinding.
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