METHOD AND APPARATUS FOR METALWORKI NG USI NG A COOLANT FLUI 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 neans 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 ﬁrofile dﬁ\&t;h to be cut froma
solidina ¥ @Dp%]é@.w @RAMEBALAV (SARN A CQELANT 3 surface

table which is fed passed the rotatipgyghi nding wheel at a constant speed.
The stock renoval rate is set by the size and nunber of chip cavities in
the surface of the wheel in conbination with a nunber of other factors. A
hi gh r eno\BACKERQUEBOBGTHE IV EENATIONuUt t he process can generate sufficient
frictional heat to burn the workpiece surface and damage t he wheel .

I ncreasi Ngwt depth of wheel,.,cut hitherto, had.required,reduc wor kpi ece
feed rat e%&}qu%?ﬁgp g tHe™ %‘8& 5?‘?%‘??#%‘% {6 sBpding %éat HRLOYSE COPHBL ovenent s
have been flupdinth fivtiqulayit déines adesnbrcestat &Y probew chited dtecpsreel  cont act

regi on ensuring workpi ece cool ant_and grindi ng wheel cool ant and efficient

cl eani ng. grinding byapeang ebwhiche: Y hjghstaskaempyry ra6 1y ackieved! i veri ng cool ant
close to the wheel surface in |arge volunes. The type and conposition of

t he wheel d > f : t ey nd for
the oot ALSaorepEL e iEARARIES: Al Sl HRln (R o Bllo kMol et
Renoval ofprofteaeptieo be catl frédm ansvhd woa kipgle pessatThei vhrkpiccatods: machineddsi re a

significa uanti.t f. cool anf. that st _be deliyvered precisely and in
su19 fici en'%i?ﬂg%???rif%% t%ll‘? Wg’rf%' 18 %?dgﬁ%roéﬁlﬂ&@rﬂi%WPe@?B?? CO§ENE nt er f ace
bet ween t hgediBBle sWRAIERGYA 08 iPRELY BR sidMERGHRr of R EAlitids inkike cool ant

nozzle is portioned manual ly by an operator based on experience and an
esti mat e oirfage drthewhesliinpombigatyrswith e mumbar ofwthér faetbisy gk higheemowd| ant

stream at wr king £ool . The significant velune an essyure of the
St oam of "SSPARE A, PE it aerengo Buithie sicial P PEt GhERALE e
grindi ng 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 wheel 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, ﬂodds 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

I nprovenents are.needed to.ensure that, an _adequate stream of coolant is
del i vered IB‘P@%i g o] the TRachiniag oty C@n%ﬂ?ﬂa‘ﬁﬁﬁ‘f@ LIFIELhasot Ber i | e of t he

machi ni ”%?rélﬁ&l}f @R RAVAR A ENIHB iRtk indndcARled 3RAS D& WiRrigpb ece. BRI EF
SUMVARY THE I NVENTI ON The present invention relates to a netal machining
appar at us fags duehooxdessive gat hildupraymaiend rpoed.sandoosp be séwgkedior a hol der
for a workpiece, 2) a netalworking tool that is configured to engage the
wor kpi ece” l—15’18]P1€gd'a machining interface to renmove netal fromthe workpiece,
3) a cool ant nozzle for emtting a streamof a coolant fluid, the nozzle

conpri si n@herefezzivethboitprbeemdi@s & hk@wdpassagethansh aldqaaekirhes 6f wherein
the fl ow passage has an inlet and an_outlet, and the |laser bore has a |line

of sight weelantiseliyqrediorisaisely gad sysutBeientgpuantiyesacigss tha pofilssdthe enpvabl y

i nserted | - 1 he: t ner, |t ozzl e body for
visual |y pﬁcﬁ%ﬁﬁﬁnh%%%ﬁg%% g,l?ét%%}ﬁ?@@ﬁttgﬁl?ﬁ%men\g %Pl\%ggki ng tool, whereby
the emtted streamof coolant fluid can be directed at the machining

i nt er f ace BRIKE SUMBMARYORITEE MEVENEEONo a netal grinding apparatus for
renoval of netal froma workpiece, conprising: 1) a holder for a

kpi 2 tati ' ' I hat i ' t th
wor kpi eoe THE PESRORTRY el Aot Bacbitfie el ot et M pr ece.
wher ei n t EpniBGRgieE, tahefidided ) AasI@Re fdr'&tﬁéﬂcﬁﬁﬁe,\%g@flﬂlétﬂwoaaingtcﬁ)@o| ant

nozzle for_ emtting a streamof a coolant fluid, wherein the Stream has a
cross sectthaspngonsiesred ta engage thappripispe plaageanechining interfase &9 femavepr of i | e,

posi ) oni Hs i MESFEncpRRORS L Tob Bt rklt AP ERERRL ealOSFd Soglpd T 1Y
stream of ticomdzal coldpristhgeatozble bdidy hatiad adlow p@sage and a laser bore, wherein
the flow passage has an inlet and an outlet, and the laser bore has a line of sight with
the flow passage outlet, and 4) a visible laser removably inserted into the laser bore,
that 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.

The invention also relates to 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.



machi ning interface, and wherein the cross-sectional profile of the stream
registers wth the interface profile of the nmachining interface. 2 The
invention further relates to a | aser-targeted cool ant nozzle for use in
applying coolant fluid to a machi ning apparatus for renoval of metal from
a workpiece at a machining interface, conprising: 1) a coolant nozzl e body

having a f].ow passage and . a | aser bore, wherein the flow passage has an
inlet and 1 ﬁ‘?qt’é?fl%“%}ffﬂ relates jaglaseryaregtedicgplapt "éﬁzg@%‘é@ BB i n t he

outer sur fc%%l%n?ﬁuﬂdgg S;?Qag:ﬁinﬁlé@}lfnéraﬁﬁdfopf’c?ncﬁ/ﬂ &%&ﬁe@f ﬁéﬂl%%%rﬂcéielzgattdqe flow

passage outlet, an VI Si | aser renovably 1 nserta Into the | aser
bor e, thatmabopeg itefcn comprisingndya beolirdopzilobody bavang y flpwgiatsagaamd) t he

cool ant nozzle., relative.tq the machinin ppar at us, e the stream of
ool ant { IR bafes BRetel e outstote e’ HAHRARA G0 PHUS: Fcbe BFFLbRvent | on

al so rel atfgfind & #ccoRIIPeAingfin HRicUErAurhce JTtke AGSRILIIG a8l hea BnSORiGNt Stream
emtted froma cool ant nozzle toward the machining interface of a netal

grindi ng tveigh the\lesnpasaagsiontleflyand os Kisipledeser rerpayablsinsertabheingt hpdaser 1)

provi di ng I r ki ng: rat havi tabl.e .and a nget al i ndi ng
Pool . ang RrafoafiRitisd i ARARL A8V R By BRRKGuR g B hofint “novz
for directrelagvatosthe aachiaingepphatss, Whetebly fie steafid€ BbdlamdluidtfiBeace on the
metal grinding tool, the coolant nozzle having a fluid outlet having a

st ream r efdbieelyd &t Bisimachiniyg inteslacei ng a visible |aser for enmitting a

visible | aser beam 4) associating the visible laser with the cool ant

nozzle, WAgJeGMVentibh %lsﬁ %15%?9) é&%ﬁ{od%?%%ﬁhgﬁmeﬁﬁéﬂéﬁgigﬁgﬁc@%ﬁI ef erence

point and indicates the estination o streamo romthe
f1uid out lestiftedfropastdolamh noryld toevachihie artchiniynterfask dha trietl gesdiag adodd

vi sible | aser, er.eby the visible laser heam.i s, directed at . a . machining
ref erence H?%n%%(‘?ﬁrﬁf 5% ﬁBmQBﬁ)‘Pﬁﬁfe ﬁ?@fﬂféi? P’E?Hi‘ﬁrﬂﬁ/%fﬂ?ﬁﬂ WoRINg 25 si ng
cool ant  f laghgtatub havigh atiiife 6@DA AfRtal f@ﬂﬁeﬁhg tooM@idel¥olk}Re st QREA 61 00! ant

fluid inpinges the machining interrface of the netal (grlndl ng tool, and 8)

machi ni ng the 2)wsrwdipe eseolartreozziefendirepting arstrhan of eddeadluidatpse of a
visible | qﬁftﬁlir{iﬁ)é intt&f‘ag,gtoh ek 1]}1&?11 &iﬂcﬁ{fé f%%i, [k c?c;ola%t nozzle having a fluid
outlet having a stream reference point, 3) providing a 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.

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.



cool ant nozzle, thereby directing a streamof coolant fluid at a nmachi ning
interface of a machining tool with a workpiece during the renoval of netal
froma workpi ece by the machining tool. 3 BRI EF DESCRI PTI ON OF THE

DRAW NGS Figure 1 shows a schematic di agram of a netal worki ng appar atus of
the present invention, illustrated as a grinding wheel for renoving netal
froma workpi | I - 1 d cool ant nozzle with a visible
light | as%ﬁ?ggwm&giﬁﬁh%wzjgshom t he schematic di agram of
Figure 1, show ng the cool ant nozzle emtting a stream of coolant fl uid.

Figure 3 smﬁwé 18h6W9 8 SclfeBftic Aiarant bEWnidMIRUAng Afal RSt thép@sdgd cool ant
nozzl e of t present invention, having a visible |aser positioned

t herei n. FnygRtiensllysienied Qsmd@%wb@éﬁbrdﬁlabvmgmtdfﬁ'mawm)lqilm nozzl e of
Fig. 2, t een nd re ed with a seal
ol tg. i guietig'alfesr bl Bod R SD-8 Ti BE N RIRIE o B sl B PEEA L o et o
cool ant nozzle of the i nvent | on with the visible Iight | aser positioned

t herei n. Eﬁgtreé sﬁo@hdmddﬁﬁatmﬁ@gmhicﬁ‘m@mgﬂps]ib@ﬁng:ﬂhgubﬁaﬁt,noiﬁew ng the
cool ant nozzle emtti st m of cool ant fluid. DETAILED DESCRI PTI ON OF
THE | NVENTFIENNE asiepray CB‘? a“htEfi‘ﬁq?V\Dl’kl ng tools can be used to renove
material froma work piece. A typical netalworking tool for renoving
material igg#e9shORICh crdiPERLSRAG dW BRblgh Be lﬁéﬂ Qe é@feﬁ%{ noZH{¥of3hé Ndi ng
wheel is used to renove material froma work piece based upon the profile
of the outheeseptanigitionyhaying heisibbesleber pasitignédcthbregr. i ndi ng vx/neel can have a
flat profile or the pI’OfI | e can be curvilinear, rectilinear a

combinat | Shed« RS R SpLIoka I BB BBl ol 30 @iﬂefe Re range o

val ues of adilslt dqzer E@Qﬁén fepioviel @nd yapdacedl withrd sedi plggwheel enpl oyed within
whi ch enhancenent vvas achi eved was from about 10 neters per second up to

about 80 rl'gat er econd.
igure ows a sc ematic 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 to 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



Figs. 1 and 2 show a netal worki ng assenbly that includes a netal working
tool shown as a grinding wheel 2 rotating in the direction of arrow 4 to
engage a workpiece 6 that can be noved into the rotating wheel 2 in the
relative direction of arrow 8. The 4 illustrated operation is known in the
art as "down" grindi ng in a contact regi on of the grinding V\,heel The

t f || di ng tially
the pr ocedUngrated ersiphi Kustvi t E bl st erioed® eechblapissiondt ffown a2
creep- f eedurRdidpdvRc. Rhd me&qibntlbfoﬁmww%ﬁ{ FROANWEHwAR "ﬁ;?”@iﬂliufgg of a

m snonmer since the enhancenent results is very nmuch faster renoval of

wor kpi ece Frsendiellythe prneess of ﬂ?dllm@nmhmma@vcbpn@fnmmf thepmcesstkapynspi ndl e 10

carried by _a t k 12 which i art a.standard nulti-axis

machi ne. - RenE gradte g EEH AR M skt of Siape ALE A S eheane. of

a nmount i nghé entiadE@ndd restultd 14SleFRinch RSted rddddval waoﬂiﬁié@éhdh%rﬁ! ackets 14a and

14b, on a surface of a machining table 16. Since t I nvention is intended

to be a "q pass rinding process, the width of the grindi (g wheel is
confi gur edf cﬁr{ilémge‘g hd i¢gowHed op agotaprspingde 1 earred Byiatopl deadefui red. The

wor kpi ece r | eel at a
machi ni ng ‘::h?]i%g?%/ace %Baxﬁ@ﬁa éﬁn{ﬂiﬁg&?ﬁ%ﬁﬁé‘%@?ﬁ a?ih gk""pﬁ’c%a& q F‘%é&grl ndi ng
of the di sﬂabsﬂwmﬁarmﬁachuhmgﬂw means cfdemowsiag fixmura 14adustatdd mp'ﬁigcbﬂﬁe Duri ng
the grindi 18 of uid cool ant,

[ t
typically @%{P&ngraﬁ ety lﬁgfs“écfﬂgbpﬂlﬁlséréﬁ‘% Otzﬂ@gﬁmgé@l? 1’Qan$1§%| irected by
nozzl e 20 jaentibh % lmbeduor&a 'ra)rnsr fd%@e%niligm%rcf)ré&% R *ft%ivthefgn\g@iﬁ 2. The

nozzle 20 is the outlet of a closed ool ant de Ivery, ction and
filtrati onwhppbiseanfigpedto eoshpond tejﬂ&\mldl of the graund swiae reqsirado|Thect ed in a

hi ff th h
an o111 ATERREs bl o 86T PR e et g Whert oAy cl o o1 co.

typi cal | y;ﬂéchﬁﬁngﬁ@@fa,ceabout 10 micron. Int egral with the filtration system
(not shown) is a high pressure punp system (also not shown) that delivers
cool ant under pressure to the inlet 28 of nozzle 20. As

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 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 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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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 flowrate of up to about
60 liters per mnute. The cool ant nozzle emts a streamof coolant at a

hi gh velocity and pressure. During the grinding operation, the cool ant
stream i npi nges the grinding wheel at great 5 velocity. The resulting

col |'i si on vélocitlie The gqsult@g@@ﬂlﬁsﬂncﬂ@h@m -Jelosiiyconlant straam hwitihthe bighed r ot ati ng

gri ndi ng I ' he i nai ng,.cool.ant fluid o |.ash and | atter
T o e PR rofiMB EhinlihE TRt AR AR Be coMlatt bR RO R R

obst r uct s ineRdiryctione, @éainglaycldiiofdoslaht hidt ¥nd Hrdphets MBCSHsHuAE neaBr at i on.
Nevert hel ess, precise targeting of the streamof coolant to the nachining

i nt er f ace “CBRIctelE the by, of the machinig opgrationect i ve and accurate grindi ng.
I'f the coolant is not prpperly directed to all necessary portions of the
grindi g WRBRHnelbRUbrYisia ind O B Lirch B cholah A0\ REHIAL i G o ARC
excessive netal renbval from the workpiece. Since the hig speeé’s of the
oper at i on berimpertant & adhicying effiiative andgcduhate gondiagt [f$he emdant &t ndthe t ar get ed
portion of_ th .1 ndi, n eel, after th ri.ndi ng.operation _has begun, the
present i m@gﬁy%e&ﬁg t@é\%}?%ﬁw Pgﬁﬁﬁ%ﬁﬁkﬁg@}"? ﬂgg‘ﬁegloﬁ’mﬁtﬁ@ﬂ P8 assenbl y,
prior to r&dufftdnl@véliRafiRObPad SLERRPAAE AR VAR kROvOREIaL I on. FIG 1
shows the netal working assenbly prior to the start of the grinding

operation. To ensure that the nozzle 20 will direct the stream of cool ant
18 ( shown Sincefthedigh ppeads phtheppeisiion peryart Bmingor ditesting thedpelgnigsam 2, shown

as nachi ni [ . . 0.4 onf i it ser bore
22 within a\?\ﬁlleé%tggtre@?gﬁlgﬂ%f |t‘§43§%m‘£‘é’rﬁeéj’oaﬁc? SR’C%%{“S%?QP%B&%@B .hlaﬁ'ﬁe aser bore
22 i s confihgpresait inveattaephs duvdlopedavadelisatel e podiion the nbasle assétbly) peor
stationary posjtion. Inits stagcii onary. position, the visible laser 40 can
enit a beé‘ﬁgfﬁ\mr\giﬂ%"r gpadant sgeam and thegripding apemationTEEH hehowsght e 22 i s
configure 41t Al b l: 1.1 Opl er

Govi oo 0 atbl0kind ASCRBRAfr A Hart OORE RANKE oBEHRG.OTY Bt oot i8S
enmtted abozig2) vk disctdbogmant afxonlanh 1 §i(showeanFi@f 2 rae thegramir idcalddn on t he

periphery O(I)Ifthé[ Eg"nding 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 grinding 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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outlet 29, to provide a targeting neans 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 coolant registers with the nmachining
Interface 19 on the periphery of the grinding wheel 2. To ensure proper
orientation of the nozzle and registration of the profile of the cool ant
st ream wi 2A arposifiasfeil vpow thetpmefiles ofihair megpietivemachining interfacadfliand ng

poi nt 15, g elfony 2 1F aoRictingand hPlh Bl TRl e Priiobcam
r ef er ence rgfeiete foidbl Pis&cleori Whersds, Wwhathe Resitle tighl RamClloddIBid 23 espect i ve
machining interface 19 and nozzle outlet 18 in a cooperating and

subst ant i &Mitfedsiromn the lapedargeted nozzlr BB ivwgeistenedyith pelies uneadhemiaghinipg i s

I d ; Sl | ' tted f
The | aser Taaey RyiED ot hi e o0 Elon R RACRAY bRENESOTRL rachi ni n

r ef er ence splsseqtient metdlwerkimpbmenstionozzl e 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 osi tioned
manual |y, WE‘PQB)}H F }ﬁa?v' i“BVge Egbﬁwn%g%?ﬁ?% gﬁé‘lsleft?fgmgflhﬁé%“% OTe L oligh or

al ong bot hotifignat HEAMIGOHEEEHE e RNIBIE 148r blnt A16ndRELIDpiMed RERERREE POI Nt
15. In this position, the coolant nozzle has been properly and optimally
pr e- posi t iabmgdotlothe stieam sefbrencproint Ifetodhevoathinigg opfierents point heln this

- It d d t t I t I ' t d 1t
Pt oper |y RaduepBe e Purore Rt mreRS SR sofmey Preciiartiencd FE Bemchi ni ng
i nt er f ace siisegidnt AEtAINErkEMg HYSbrHn0 MR Pré-Positidita 60 Hraékd BeAdit®02hei S
posi ti oned &régm mate to the periphery of wheel 2 to deliver the high

pressure & thenassympdde epdigrapariyaandiaiteciivade thei sireamd §rof caplantfluig at thei al
di rection . 1€ r .noi nt in advance of the
machi ni ng Wéﬁﬁgﬁﬁg{é@%gé 1%%?%@ﬂgﬁ§%%8%9pﬂst and (not shown) is provided

upon which the cool ant nozzle is secured. The support stand is configured
t o provi ddhapedemmoztier2ids pediamiedarokimatead the pegipherymfevienl 2 andkliverv ot i ng of

the cool a?ﬁe }Hgﬁ IZ)LeEs"s’urL Streant Tlé oF Coolant la? tlill% 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 from 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 nozzle 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 interface of the metal working tool, such that coolant fluid is constantly
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performance. The nozzle is typically configured for independent novenent
relative to the workpiece and grinding 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 wheel w thout
interference fromthe workpiece. In the enbodinent illustrated in Fig. 2,
the nozzl e floﬁigﬁéigge directs a stream 18 of coolant in the shape of a

sheet or fNRPUS Fionnt e wetalwearkinadeel, suchgsthg gnnding,wheghithaliisy even
distributi himhj ' . | . Th
| stribut @m0 tRORRl fYRORe Wagf%fg}%é il h&tzferdsgféﬁﬁ profIRE @@g@gﬁf e

nozzle can alternatively be con 0O provi an‘emtte
st r eam hawveetginga; coewas evalj onaidrvibnedri | e of a variety of shapes. In a
typi cal operation, the coolant streamprofile and size is configured to

match the profile.and size of the machining . interfage.of .th t al wor ki ng
tool , sucrtnseR a0 atnseiyd pri driapred 0 diregthe e TEF oA BoiEisr ti on of

t he netal whg Eéﬁ;glet—p@ﬂthe Slhetl A thel iRa@igonet aebswhiReEL willdlofiife wh&IDIH Ng t he
metal fromthe workpiece. Typical nozzle streamprofiles can be |inear,

rectil i nedPmedPeratipay; it i praferrst todifiegt the peelant fiid imediz¢ctiop gubstantiely i gur ed
and arran - i - coolant fluid to the periphery of
S S YUY SR g

t he wheel "at™t across the full width of the wheel. In sone
operations, it is preferred to direct the coolant fluid in a direction
subst ant i &While theeopkntiheazledd0 shownhe Faeriipberfiguedd tolemindesdlant Whedre t he

cool ant nOﬁ%tlfe 20 sh i.s conf red to emt cool ant stream

et .
that fans'? @%ﬁ&gg‘%@:‘/ﬁ?ﬁh@ ff%mqq}glegéftﬁgpo%ﬁ e=tt%“%§zqaé,a SPRE nozzl e
can al so hanfig@el kOHERR: IR préMikof e dnlifePERf1dt§trefm 18% Qﬁgﬂssttfﬁcfb%)-! ant

stream 18 to a constant cross- sectional size and shape, own in Fig.
6. The enisectianahsiz¢ andsthopm ak shawrGn Big. 6 The ¢rhkodimsntik ehdvasarFIGO Sposi ti oned

within the laser .bare 22 of the nozzl.e,, for proper ..tarqgefi and
posi ti oni n‘b‘% “t) Sgb ﬁi??ﬁ %d)%}tloélg a‘aé’éf} fhgé%seﬁﬁ?rgfﬁﬁ Oiﬁlbfiﬂec’.%f?hgjgﬂ?ﬁ%ff e 20 has
an outl et 12gepiDiid posititaing of tAPRsL1d TR heH¥kcribsd RearinlBbvd) amidlbzalewiodt h and a
hei ght. The flow passai%et27 | eading to the outlet 29 is conflgured W th

&

paral | el dieaanaprile 28macfily theb isanpreximetshsresaagnlankaving owidtk andv helghipr ovi des
an emtt edfl’fé%v@f}éssééer fﬁi%d]igg Q)atYlE Q8tlet 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 include 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



a profile with the sane width and height. A typical |aser-targeted cool ant
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 with the outlet. The geonetry of the inlet 28, the
i nner surface of the fluid passage 27, and the outlet 29 are configured to

provide th profiled pattern of the emtted coolant stream 18 (shown in
Fig. 2). [ﬁ%flgw P@F%%??aﬁelfﬁeqlm #t s pisallylapsred tawasd apd aversectsitidnace of

the f1ui d RRHIA0S) btk khdUdoldnt bW BACE. g% of tfthob 11408, 3he IdscPBi898 i N1 OUON

the nozzl e, thereby causing t owng coolant to conformto a particular
cool ant staopfigued &f rdceive hhasendeviethl asreimwn infignbamd 2 is configured to
pass the coolant liquid there through in lam nar flow as the cool ant

passes t hrQugh.,and exi t.he nozzl The coolant nozzle 2 as .a body 21
havi ng o | RPIRde Roalead i RoRakedror o gl 84 et G g B Btk e o £ ace
26 of the Moaad forhadition¥iaGbmbsabldplul $0Gnt6 INARrWAkd PNdWiddth8 ghif@nk! ow
passage 27. The |aser bore 22 is tiplcally tapered toward and i ntersects at

an i nt er fopEEAIQS, @ spWinia sw 2atend bolypissnthe ramowble plug §8vlldagoa The
| aser bore;ga l5§%§ﬁ&)’r{%g&gﬁg&%&ﬁg?a'sgre?oafe bi‘.sg'h? d¥ &8 é‘:?Pf@? shown 1 n Fi gs

1 and 3. Typica 0z7 s conf1gure or 'r énova the | aser 40
fromthe lramovathoplg SRAypiaally Hasta phisfict s@faceS6ahdt eoopadtbewth tge fafer Nt 0 the

| aser bore 22 durjng the grindin operations, as shown in Figs. 2, 4 and
6. Typi ca|SP§fg<f°r@fr tlrl%ﬁ‘aw&&ﬁ%gﬁ%gf Bs nperle 2R alpocan ipfeefees Shrive PR EIOWr of ect s
through thasd.as6s Fﬁ(gﬁféégs%r bJIIE%Zd 'ﬁ%%lh%%ge stk sk tﬂﬁnﬁ@sﬁﬁ% Qﬂ?ah@ oPtid S0

typically has™a p ce surface t cooperates w e i nner
surf ace ofimdisuffhawithsBaypadigol’ tHachabizeh ecBOved vl the ldsetteré az2e 30

bet ween the flow . passage, 27 and the | aser bore 22. The plug face surface
56 mmcs W%etjc’%%{lplgaﬁ?n‘?zl‘?@zquﬁ r surface of the flow passage 27 that had

been renoved when the |aser bore 22 was forned in the nozzle body 21. The
| aser bor erhddades b6:@70iig borETbuk @ BRWi8Satdbast BASTindd¥EsigHt FdnPtheh@hborkr om t he

et he”] Bodh Tasijorw Bassazs oot 30, Typically the lacer bore 32 and the laser devics 40 ¢ 2
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 beam. 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

POWET source.



are of a cylindrical shape, although other shapes can be used. Likew se,
the plug 50 has a body portion 51 of substantially the sanme shape as the
| aser, and is configured to conformto a seal (not shown) disposed in the
| aser bore 22. The plug 50 will typically have a nmeans of engaging the

i nner surface of the |aser bore 22, such as a set of threads 58 that mate
with corresponding threads, 38 in the | aser bore 22, For_ ease_ _of renoval,

) . . ; : f
the plug S®Xmeal cxample gf ¢ yisthig eser inthedVIEM:H- Y am drametern avaliiblesionnat
ext ends fﬁ@”hhﬁﬁﬁ&ﬁ%%Bﬁmpeﬁ%béftm&ﬁﬁy insertion and renoval of the plug. A

typi cal cool ant nozzle of e present invention is available from I nnatech,
LLC of Rochester, M. The | aser device 40 can be any | aser which emts a
vi si bl e | aderprézeninmvdattienatsoancliades a methed of utilga gisitl¢ bderd tagbign beaotantan be

any kind which is visible froma distange of .|le t.han oyt 2 neters.
Tymi cal |y PRen et fom g oS gud fedartn g iftie aig Hedt SLoPba” | aser
beam The JiamsferfoAfinB® wétingReRkiBH on 2UsdkFFecdl T BAidae HeBodandosk manual
on-off switch, or can be powered and controlled through a power cord to a

renot e el augaeiizggcuredane holkieuer the tablpof g pietd lerindingppparatusaThe viok e | aser is
the MM (1. ' 21 ). Ll able fr FP | ndustries,, .Cabano, Quebec,
i T e S e ST S R PR

Canada. The presen al so 1Tncru

| aser to dhiefficetoGanbaninetabfro@ant el piece. f Tiymaciving irteffasdiad at he machi ni ng
interface of .a nmetal cutting tool when performng a working operation on a

wor k pi ecapedific mterfase prafilpian senfornsierthe profide ef the outse perarherhofdbpol der on
the tabl e of - ting
ar' ndi ng. e el o WR i ARl B pro DS Y Won B A R e T
remove mnetTe positiomingenovvenienpofahe wollhpicomahi the geinding esdl adevdnaso ene speci fic

interface profile th conf or to the profile of the outer perjphery of
the  gri ndPRGeusEETcy aipiled Yop RomriefizadfonBollirom Terzih ot ARSHER pi cce
when conplsgbd of cdd1entFREd fs! RSN BRHENBS theQbrekI® 8081k IThAE & BRd the
grinding tool relevant to one another 1s typically controlled by a

conput er i 2eathinimg ntrrfage duringbe matalvorking pperetiory Ehe nozzle is configured to
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 the 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 operator 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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stream of coolant fluid is nounted to provide the stream of coolant fluid
at the nmachining 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 will insert
the visible laser prior to operation, the visible |laser will cooperate

with the nozzle whereby the diyecting and pgsitioning of the | aser beam
emtted fr ﬁwﬁ@nﬁfé%feffrgwc{?memﬁé? BOHAF SRPTLE P ASnAra e hqaeeg%écaﬂ& ed

cool ant  styeamfRabr temAhuafchar vtk R %A(;s ige'%&%ﬁie.et@m ng operation.

r
The laser beamis configured to accura repr oduce e orientation of
t he cool arembodimeenithelaser boid willyenetrate heearfpoctinnt dfeheusdztd amdgasc ool ant

nozzle. After.the nozzle is pro oriented and positioned, .and secured
" Bl ace. P Erdie Fenpobloltiehd avlle. favly it aRiE R0 o and
inserts thetlpd df@ningah tiRaR)zSle! MhicleARREd VAR bekih roeh thB $aseF inS&heddntoQRET at i on,
preventi ngi coolant fluid fromleaking out of the coolant nozzle during

Ia:

oper at i onlasat bergpasseprthrewgh thp epietopewiag of theHessk bereang isdirdctadi toyyariad

orientati f .nNazzhe by.re i t I n ei nserti t.he | aser.
The net ho ?lﬁlgfahd‘grgl n% Ilﬁécrl\]i? rhequlﬁ?emqgtaésog?h %@gerﬁ%é"#‘gr@“ge‘j f%’g’ eﬁﬁ%ﬁgﬁ“ggs es
t hrough t hlee aigplle efthe s@éan eNelanfinid anitel fRnhehopilag ref erence point as
descri bed herein above. This permts the flow nozzle to be positioned and
oriented such that the profile of the coolant stream matches_or is
registere n@?@t 65’?0% smgP‘é}merl& thyy disghargeariheputlst pRerang althe lager qrpfiogpan
alternati | f : . DOV ore that
W csvag@' L cléﬁ%d&?ﬁk&a?%wﬁ pgﬁgﬁﬁhgil?}ﬁpﬁém & egagf ﬁ{eﬁéo

does not interface or co nicate wt passag e nozzle. In
this enbdtiongntbut whichgeerentsawelant flhidfeome splatténgbackantopbe opemingndf théie nozzl e
and pass 189 | ete through a front portion of the nozzle, typically

i medi at el'$¥%hd"8cent the outlet opening in the nozzle. The enitted visual
beamfromthe | aser inserted into the |aser bore passes through the outlet

openi ng OfTHehgeseASAvertidnas adtled MtélpraetéaukitONRnHEaxit AEIAB halchReKi Ng
machi ne. The angl e of the laser beamemtted can be parallel with the

angl e of @ARpted focenerase utbs p gRndingatheckininlace@f theorrmabmilbing petters A t he above
enbodi menty.;f hesgH R hahIe MinlAes AUMHRE o RRVidtPis s abilfy [ARGFoaREd f1 ce can

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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be covered with a clear glass material which permts the | aser beamto pass
there through, but which prevents coolant fluid from splashing back into
the opening of the |aser bore. The present invention is carried into
practice using a multi-axis mlling nmachine adapted to operate using a
grinding wheel in place of the normal mlling cutter. A rmain reason for
using a mul.ti-axis machine of this kind is its ability to reproduce

conpl ex sdrlpimse profiles on the ground workpi ece, although this particular
topic is 10 i . SO LWV, i 4.4 s.Lo:he. .
under st oo ;%E{ee?dgp{glreg]fﬁggg@?a@hg%ﬁg é)??l\elégﬁnn%?ﬁfgﬁé agfbr%( %"%?‘?‘H I|l%gg'v\,heel and
wor kpi ece can H¢ahohieofmrdherwuskpizge,s, notw thstanding that for sinplicity

t he acconpanyi drawi ng. represents such relative vement, as rectilinear.
11 dains 1. ﬁgﬁemsﬁvgl‘ﬂ%fmgﬁmgﬁ&bﬁ%ﬁ% Tef0 PREASG AR SrorkRiecs alPRgm a

wor kpi ece m&aig Hidihice tobembvB Al kPR pPi ece, 2) a metal wor ki ng
tool that is contigured to engage the workpiece along a nmachining

interface to r & eoplentahoszicfort kmittiog kpseea ) a xockaot dwid, nbe ziczzleor
emtting a streamof a coolant.fluid, the nozzl C risin ngzz|l e body
having a FPRRFPAEEEAE Ty Thying ¢ BabPestngeaf ¢ st howrsidadug Bofas an
inlet and pagagihistin infdnd B oh@&indiBE €asBABor hat Aeinelof Sigahlvihithdrible fl ow
passage outlet, and 4) a visible | aser renovably inserted into the |aser
bore, whi PRssesvPElektamd with the nozzle body for visually positioning the
nozzle relativ : & i,n the. em .eam of
ool ant 11 ul d A8 GRS ROy ikl aTEF B BRIATbAaF iR
machi ni ng tlepparzhd belyaor oisdalhgpdsitidaingg the hovdle relativd faetheaediilwoikgng tovler f ace
conpri ses chining reference point, and the fl ow passage out]let has a
stream ref"@i" é’etbﬁo?’mtﬁed\/\ﬁé‘?@b?ft%l%ﬁ%&tcaﬁ&%Idéreéféﬁ ﬁeﬂﬁogiaﬁliuﬂ%d by

al i gni ng auterface.

2. The metal machining apparatus according to Claim 1 wherein the machining
interface comprises a machining reference point, and the flow passage outlet has a
stream reference point, whereby the coolant nozzle can be positioned by aligning a
visible laser beam that is emitted from the laser along a line passing through the

stream reference point and the machining reference point.

3. The metal machining apparatus according to Claim 1 or 2 wherein coolant nozzle is
configured for removal of the visible laser, and for insertion of a removable plug into

the laser bore.

4. The metal machining apparatus according to Claim 3 wherein the removable plug
has a distal end having a surface, wherein the surface mimics the shape of the inner
surface of the flow passage that had been removed when the laser bore was formed in

the nozzle body.

5. A metal grinding apparatus for removal of metal from a workpiece, comprising:

1) a holder for the workpiece,

12



visible | aser beamthat is emitted fromthe |laser along a |ine passing
through the streamreference point and the nachining reference point. 3.
The netal nachining apparatus according to Claiml or 2 wherein cool ant
nozzle is configured for renoval of the visible |aser, and for insertion
of a renovable plug into the |laser bore. 4. The netal machi ning apparatus
according to CIZSi m 3 wherein the renovable plu has a distal end having a

surface, wherei® & FRIa&E gardingitegl that ’ﬁecoélﬁgb@d%f) gass MifeWorkpice @ of the
[ ow passaggabhial ifteaeRN iR Al iR, WL WoARLcDWiR iR il  the

nozzl e body. 5. metal grindi ng apparatus fo
wor kpi ece,intedapr hasiangnterfdde mofilel der for the workpiece, 12 2) a rotating

Pt ortace Lo r oHAREOREt BEARGH FEHE G RETBCE: CORBHaGTIE RN WA

i nterface 1a3s cARss&RhABREAR sBhdthiRiall$ MhPsatROls 3N inBQFeL ?rc;ﬂ?é, B[P tting a
stream of a coolant fluid, wherein the stream has a cross-sectional

profile substarbiaatisihletlnser caoperatmet widgh thet eootaat sozmle ot wsualkydositioaing si bl e

| aser cooper at i i.Lh e cool ant. nqzzl e, for .visuall 0si tionj n t he
nozzl e reﬁgff’ ﬁ%’/zezlﬂf?%e%ﬁgt r}feall"%t qr%@gﬁgcglr “&WB?’ élbeyaﬁ"fgl %ﬁ&’é’}r‘ﬁt‘ gf“dc‘é?g‘l ant
fluid can beliredict et tigdmashihing inRARdd) afd whete fRCGossAREMAE bRIfe b the ,
cross-sectional profile of the streamregisters with the interface profile

of the nacHPHRAeListEs aYithaibe interfac prefdle of thergechining eréase- nozzl e for use in
applying coolant fluid to a machining apparatus for renoval of nmetal from
a workpiece at a machining interface, conprising: 1) a cool ant nozzl e body
havi ng a fd. oW lpsessagetedrdolant asete fobruee imagpleing dobRint fluMtoppamidgigingas an
inlet and an Ou“fqtli’ and ihe | aser bore forps an access opening in the

e

outer sur PREFIYF [HersP2l LThHRRl e s Workpiges ¢ & HAEhIRINg ninfesice) ow
passage  Quidpkingand

1) a coolant nozzle body having a flow passage and a laser bore, wherein the
flow passage has an inlet and an outlet, and the laser bore forms an access opening in
the outer surface of the nozzle body and has a line of sight with the flow passage
outlet, and

2) a visible laser removably insertable into the laser bore, which cooperates
with the nozzle body for viswally positioning the coolant nozzle relative to the
machining apparatus, whereby the stream of coolant fluid can be directed at the

machining interface.

7. The laser-targeted coolant nozzle according to Claim 6 wherein the laser bore is in

fluid communication with the flow passage.

8. The laser-targeted coolant nozzle according to Claim 6 or 7 wherein the coolant
nozzle is further provided with a removable plug that can be inserted into the laser
bore in place of the laser, to seal the access opening from fluid communication with

the flow passage.
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2) a visible laser renovably insertable into the | aser bore, which
cooperates wth the nozzle body for visually positioning the cool ant
nozzle relative to the nachining apparatus, whereby the stream of cool ant
fluid can be directed at the nachining interface. 7. The | aser-targeted
cool ant nozzle according to Claim6 wherein the |aser bore is in fluid

comruni cat wth_.the fl ssage.. 8., The | aser- tar ted ol ant. nozzl e
accor di ng 4%@1“&?9?8"6?‘1’1??@%@? e tedmen atloﬂé’fz"l tF‘Eﬁ hdhergovi ded

with a remnmxaRhea Blrdieh Bpﬁioleﬁﬁﬂuhﬁat'arlﬁ%l‘ﬁlﬁﬁ ﬁrﬁ&ﬁa&ehﬁ'ahﬁ%‘inm %&Wlfﬁhfpl ace of
the | aser, to seal the access openin fromf urd comuni catTon wt t he
flow pass&g@kplﬁge durinpbe wweovel obmefabirbinghe wodpidaerbytthe pethinipgttbel.
orientation of a coolant nozzle, thereby directing a stream of cool ant
fluid at a machining interface of a machining tool with a workpiece during
t he renoval of netal fromthe workpiece by the machining tool. 14
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