COOLANT NOZZLE BACKGROUND OF THE I NVENTION (1) Field of the Invention
[0002] The invention relates to machining. Mre particularly, the invention
relates to superabrasive nmachining of nmetal alloy articles. (2) Description
of the Related Art [0003] Apparatus for point and flank superabrasive
machi ni ng (SAM of turbomachi ne COQOANTINOAZEEr espectively shown in US
patent applications 10/ 289, 493 and 10/400, 937, respectively filed Novenber
6, 2002 and March 27, 2003. The disclosures of the '493 and '937
applications are incorporated by reference herein as if set forth at |ength.
It is inportant to provide fluid coolant/lubricant (e.g., oil or

wat er - based materials) to maintain machining effectiveness. SUMMARY OF THE
| NVENTI ON [ 0004] One aspect of the invention involves a cool ant nozzle for
use on a nmachine tool having a rotating bit. The nozzle conprises at |east
one coolant inlet and at | east one coolant outlet. Internal surface
portions define one or nore passageways between the inlet and the outlet.
An aperture accommpdates the bit. [0005] In various inplenmentations, the
internal surface portions kﬁﬁ@?{ ghnt ered ceram c body.
The passageways may |ncIudggécgﬁgnun1surrodﬁ%lng e aperture. There may be
a nunber @f) Fasld bethe IByem@hr i ¢ around an axis. There may be a nunber of
outlets p05|t|oned to_direct associated cool ant_ outlet streams toward an

axi s of tH808] Ihqunuqrh@l%ﬁw.rsaqhm% Morg particalprlyolieingationgeatgsiq et s may
be el onga outlets and a single inlet. The
aperture %§§nﬁ%§éﬁh ane g?nk?ﬂ?ég%5¥1§% three centineters. The nozzle may
be in conbination with the machine tool and bit and a nunber of cool ant

outlet streans may exit the outlets and inpact obliquely along a side of the
bit. (2) Description of the Related Art

[0003) Apparatus for point and flank superabrasive machining (SAM) of turbomachine
components are respectively shown in US patent applications 10/289,493 and 10/400,937,
respectively filed November 6, 2002 and March 27, 2003. The disclosures of the '493 and
'937 applications are incorporated by reference herein as if set forth at length. It is important
to provide fluid coolant/lubricant (e.g., oil or water-based materials) to maintain machining

effectiveness.

SUMMARY OF THE INVENTION
[0004] One aspect of the invention mvolves a coolant nozzle for use on a machine tool
having a rotating bit. The nozzle comprises at least one coolant inlet and at least one coolant
outlet. Internal surface portions define one or more passageways between the inlet and the
outlet. An aperture accommodates the bit.
[0005] In various implementations, the internal surface portions may be formed in a laser
sintered ceramic body. The passageways may include a plenum surrounding the aperture.
There may be a number of outlets symmetric around an axis. There may be a number of
outlets positioned to direct associated coolant outlet streams toward an axis of the bit when
the bit is in an installed position. The outlets may be elongate. There may be at least five
outlets and a single inlet. The aperture may have a diameter of less than three centimeters.
The nozzle may be in combination with the machine tool and bit and a number of coolant

outlet streams may exit the outlets and impact obliquely along a side of the bit.



| [0006] Another aspect of the invention involves a coolant nozzle for use
in a machine tool having a rotating bit. The nozzle includes a

t hrough-aperture for accommodating the bit. The nozzle has a coolant inlet
and a nunber of coolant outlets at nore than one angul ar position about the
t hr ough- 6] Knether aspachef the imfeatien poohies asodleiiti noezlerfer use inemeachasdoneway s

between . the coo] ant.inlet and .the. coolant,outlet 0007] ln variou

ol enenbAYEAZOIE bito TR R GRS F e Jor SR RdRRne e Rt The
posi ti onpbglidhhd/fcddaritiniBiarkl AMEnBdr oF cdthtUmitieRAY hdke Maf iohk aRg@RPssitibhe
axis. There nmay be no other coolant outlets in addition to the cool ant

out | et s. apowoBs thTenughdapertutes Ingernahariace petieneddftngiome or maseé padsegawayehetiveen ar e
set forth in the. acc anyi.ng dr.awi ngs and the description below. O her

f eat ur es, _eoﬁoiﬁglgﬁar{gﬁﬁiﬂ?ﬂé’ggaﬁf the invention will be apparent from

t he descromy %v&‘i@hsﬁlh?l\‘,rﬂ&ﬁatitﬁlﬁ,dthé F@é’fhﬁt%tl@ﬂs%dﬁacﬁ& Efa Edaafbh PN OF THE

DRAWNGS ™ [ 0009] FI G is a view of a nozzle according to principles of the
i nvent i orposition t€lhtive tG.an2xissand ay @ uniqua langwart postimn abpatithe ixishEheromey beobp FI G

1 tak I | J - 1., 011 | G i f t Xx- i f th I
o Bra Pt gtiel in shdatlo fi optint St noszl e buse of the nozel o of
FIG L (OO0 3ineiils Do SPhBrOaboi RO bf HaSniaikch ard Gk RFIALGRO |1 ne -5

of FIG 2. [0014] _ is a rear perspective view of the nozzle of FIG
1. [ 0015]ac¢drhpanysfgatrewigs anditherdesaiioddsloyn Otharfeatiress dhgeats mnd advadtages 0igs

i cate L e BT S e SERALLDESCRELLON LoDl PG, o, shoue o noz! e
An exenplary bit is a superabrasive quill. The bit has a shaft with a distal
BRIEF DESCRIPTION OF THE DRAWINGS

[0009] FIG. 1 is a view of a nozzle according to principles of the invention.

[0010] FIG. 2 is a vertical sectional view of the nozzle of FIG. 1 taken along line 1-1.

[0011] FIG. 3 is a front x-ray view of the nozzle of FIG. 1.

[0012] FIG. 4 is a view of a front nozzle boss of the nozzle of FIG. 1.

[0013] FIG. 5 an enlarged view of the nozzle taken along line 5-5 of FIG. 2.

[0014] FIG. 6 is a rear perspective view of the nozzle of FIG. 1.

[0015] Like reference numbers and designations in the various drawings indicate like

elements.



doubly convex (e.g., hem spherical) head 26 and distal shaft portion 28

whi ch have an abrasive coating or enbedded abrasive particles (e.g., plated
cubic boron nitride or dianmond grit). The bit has an internediate enl arged
portion 30 having flats (not shown) for gripping by a tool and a proxinal
portion (not shown) for nounti METABEDDRSCRIRFIGNI ndl e. The nozzle has a
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principal tunction of the nozzle 1s to introduce a cooling and
| ubri cat i mgisfelred oh the operhveypdsitiot Altemativelgra @lamipmghneqhemzmennalse wetihn a fluid
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68, and 70 (FIG 3). The branches feed a plenum 72 encircling the axis 500.

The br ancerincipal ipertsdefimed he ap iemal awface @&ma«dom spaggsk-patt relatiohyo ghedhit 120
intervals; %e?*m%ﬁla]ie pODI'{IO V56] ?e ever{h a radial clearance of up to about lcm, more narrowly

5mm). In the exemplary embodiment, a forward portion 56 of the spindle is received within a

recess 58 in the nozzle aft surface. In the exemplary embodiment, the recess 58 surrounds the
spindle forward portion with an appropriate radial clearance and is connected via
passageways 60 (FIG. 1) to the nozzle lateral periphery. The passageways 60 permit passage
of cooling air to reach the spindle.

[0017] A principal function of the nozzle is to introduce a cooling and/or lubricating fluid to
the bit. At its lower end, the nozzle has with a fluid inlet 62 which feeds fluid to a trunk 64 of
a fluid passageway network the respective portions of which are defined by associated
internal surface portions of the nozzle. The trunk 64 feeds an exemplary three branches 66,
68, and 70 (FIG. 3). The branches feed a plenum 72 encircling the axis 500. The branch
outlets to the plenum are spaced at approximately even 120° intervais so as to provide even
introduction of fluid to the plenum. A circular array of outlet passageways 74 (FIG. 2) extend
from the plenum to a nozzle boss 76 on the front surface 40 encircling the aperture 50 (FIG.
4). In the illustrated embodiment, each outlet passageway extends to an outlet 80 on an outlet
boss 82 protruding from a slightly inwardly-facing frustoconical rim surface 84 of the nozzle
boss 76. The outlet and a surrounding rim 86 are oriented facing forward and inward toward

the axis 500. A terminal portion 90 of each outlet passageway is downstream divergent and
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I ntroduction of fluid to the plenum A circular array of outlet passageways
74 (FIG 2) extend fromthe plenumto a nozzle boss 76 on the front surface
40 encircling the aperture 50 (FIG 4). In the illustrated enbodi nent, each
outl et passageway extends to an outlet 80 on an outlet boss 82 protruding
from a skloggate plangweplanealongthegxisrs@9iso @s it bave arlepgth brihsueh planeind hwidibzz| e

boss 76. .JThe out| and.a,surrqunding rim86_ are Lented facing forward and
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50, a depression 102 is forned in the surface 52 to serve as a drain. This
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nozzle circunscribes a full 360 around the. ) )
by selective laser sintering (SLS) of a ceramic. This can provide for quick and cost-effective
manufacture, especially of small quantities. For ease of manufacture, strength, and
distribution of the outlets, advantageously the nozzle circumscribes a full 360° around the
aperture. This structure, for example, allows the plenum to similarly extend. However, there
may be particular circumstances where this structure might not be utilized.
[0020] In the exemplary embodiment, the outlets are all of a given size and shape, and at a
given radius from the axis 500 and are equally spaced about such axis. The illustrated nozzle
includes twenty outlets. An exemplary broad range is two to forty outlets. Narrower ranges
are five to thirty and ten to twenty-five.
[0021] One or more embodiments of the present invention have been described. Nevertheless,
it will be understood that various modifications may be made without departing from the
spirit and scope of the invention. For example, various details of the nozzle may be
configured for use with particular machine tools, bits, and applications. In flank SAM
applications, the outlets may be distributed so that their streams advantageously clear the
workpiece being machined. This may involve uneven outlet distribution and/or greater
overlap/redundancy in streams. Accordingly, other embodiments are within the scope of the

following claims.



aperture. This structure, for exanple, allows the plenumto simlarly
extend. However, there may be particular circunstances where this structure
m ght not be utilized. [0020] In tthéUé{l%’pl ary enbodi nent, the outlets are
all of aywghuenisiigisand shape, and at a given radius fromthe axis 500 and
are equal ly spaced about such axis. The illustrated nozzle includes twenty
out | ets. 1An exempthadyf proaficluange codadtwozle fdrant yn amackins rodlhsviogwer ranges
are five to.th{)}.rt and, ten to twenty-five. [0021] One or nore enbodi ments of
the pres&REIH Eﬁ}}/@l BN SOBPHSRE described. Nevertheless, it will be

under st ood t hat le¥RbhOUSolxMahEd cat i ons may be nmade without departing fromthe
spirit and scope of the invention. For exanple, various details of the

nozzl e may be 2t legnifhgoedentiontletuse with particul ar machine tools, bits, and
applications. .l.n f . application h I e dystributed so
that their st rnétgrrrrlg %%‘éﬁ@%‘é‘%ﬁ%ﬁ?ﬁg‘:’é’g? %’W%e Ea\?\%%&“’p%tégg 5 é‘lge a?r%t%%{i ned. This
may i NvVolowe coslmtadietaintl|thd atdéast sricisblabtioaleeland greater overl ap/ redundancy in
streans. Accordingly, other enbodi nents are within the scqope of the

fol | owi ng cl aidfpermirefosageommpdating shechit comprising the step offemmype B neg#af act uri ng
a cool ant, E‘%QIL%nifté}gF}éié@byP&le%ﬁ@‘i@ F]gte%jggl having a rotating bit, the
an

nozzl e conpri sSi ng: east one coo nlet; at |east one coolant outlet;
internal surface portions defining one or nore passageways between the at

| east one coql,ant jn]et an he at | east one cool ant outlet; and an
apert ur e“f or g‘%‘f ?'Cﬂ@ﬂﬁh‘%ﬂgﬁﬁowaﬁlﬁgiﬂg‘!%ﬁ)? Q@Pgﬁhwtmfﬁr €t he
nozzl e %nﬁm%ﬂﬂie%oﬂﬂé bﬁlEé{eo%@B?erQMtéﬁk%% kv@miaser sintering.

3. The method of claim 1 or claim 2 wherein the one or more passageways includes a

plenum surrounding the aperture.

4. The method of any one of claims 1 to 3 whetein the at least one coolant outlet

comptises a plurality of coolant outlets symmetric around an axis.

5. The method of any one of claims 1 to 3 whetein the at least one coolant outlet

comprises a plurality coolant outlets.

6. The method of claim 5 wherein the plurality of coolant outlets are positioned to
direct associated coolant outlet streams towatd an axis of the bit when said bit 1s in an

( installed position.

7. The method of any one of claims 4 to 6 wherein the plurality of coolant outlets is
elongate.
8. The method of any one of claims 4 to 7 wherein the plurality of coolant outlets

comprises at least five outlets and the at least one coolant inlet 1s a single coolant inlet.

9. The method of any one of claims 4 to 8 whezein the plurality of coolant outlets are
each at a common radial position relative to an axis and are each at a unique angular

position about said axis.



2. The nethod of claim1 further conprising the step of formng the internal
surface portions of the nozzle by selective |laser sintering of a ceramc.

3. The method of claiml1l or claim2 wherein the one or nore passageways

i ncludes a plenum surrounding the aperture. 4. The nethod of any one of
clains 1 to 3 wherein the at | east one coolant outlet conprises a plurality
of coolant outlets symmetric around an axis. 5. The nethod of any one of
claims 1 to 3 wherein the-at | east one coolant outlet conprises a plurality
cool ant outlets. 6. The nmethod of claim5 wherein the plurality of cool ant
outlets are positioned to direct associated coolant outlet streans toward
an axis of the bit when said bit is in an installed position. 7. The nethod
of any one of clainms 4 to 6 wherein the plurality of coolant outlets is

el ongate. 8. The nethod of any one of clainms 4 to 7 wherein the plurality of
cool ant o | etBrhe mahpd pEQsime? whereistthéri wee munthetohndouthts inrddidesto bae

cool ant a S|n coolant inlet. 9. The nethod of any one of clains
4 to 8 mﬂg?gwﬁ fﬁ ggﬁ?ty of coolant outlets are each at a conmon radi al
position rel ative to an axis and are each at a unique angular position
about said axis. 5 10. The nethod of claim9 wherein there are no other

cool ant didt | etBreimethedipf 4nyrpoeef chimns Moyilavhersin gie apsepegrit 2 Bueught s. 11, The

nmet hod of__a of Lai e is a through-
apertureageg.xrtehegngznz Elgglg%%nudg ;ﬁglw?(be ?E}%&Efbugﬁ‘ﬂﬁ&ﬁ#%r ough-aperture. 12.

The met hod of any one of clains 1 to 11 wherein the aperture has a di aneter

of less than 3cm . . .
12, The method of any one of claims 1 to 11 wherein the aperture has a diameter of

less than 3cm.

Db

13.  The method of any one of claim 1 to 12 further comptising the step of providing a
machine tool and bit and 2 plurality of coolant outlets arranged such that a plurality of
coolant outlet streams exit the at least one outlet and impact obliquely along a side of the

bit.
14, The method of claim 13 wherein the bit is an clongate abrasive bit.

15. A coolant nozzle for use on a machine tool having a rotating bit, the nozzle
comprising:

at least one coolant inlet;

at least one coolant outlet;

internal surface portions defining one or more passageways between the at least
one coolant inlet and the at least one coolant outet; and |

an aperture for accommodating the bit;

wherein the nozzle is formed by selective laser sintering.

16.  The coolant nozzle of claim 15 whetein the one or more passageways includes a

plenum surrounding the aperture.



13. The method of any one of claiml to 12 further conprising the step of
providing a nmachine tool and bit and a plurality of coolant outlets
arranged such that a plurality of coolant outlet streans exit the at |east
one outlet and inpact obliquely along a side of the bit 14. The nethod of
claim 13 wherein the bit is an elongate abrasive bit 15. A cool ant nozzle
for use on a machine tool having a rotating bit, the nozzle conprising: at

| east one7.coolTaBtodliti@bzzle Bf clhifAHH orAANAGHRRYN Mdlat Rhst dnbtesltaloutietr f ace
portions defining one or nore passageways between the at |east one cool ant

i nl et angempuseye phusaisy ofxpolanp eptins syaprdtas aroupdiattisaper t ure for acconmmmdat i ng
the bit; wherein the nozzle is fornmed by selective |laser sintering. 16. The
cool ant nozzle of claim 15 wherein the one or nore passageways includes a

pl enum sd8.r ouMk pgolirttdoatie bf ekt 1HorlchimTidevieesid chetat lrag e cadlartloatlen 15 or
claim 16 wherein the at | east one coolant outlet conprises a plurality of
cool ant &YPPEE2§¢ $qaleos PBUGY an axis. 18. The cool ant nozzle of claim 15
or claim 16 wherein the at | east one coolant outlet conprises a plurality
cool ant outlets. 19. The cool ant nozzle of claim 18 wherein the plurality of
cool ant &%t | eilhe apdantpogzie bbHelach 1Swhikireie che plesbyicdtedamamklanmbreout | et st reans

t d i f .the bit. id, bit is i install ed it . 20.
The- cool BRTosI TP direF sshnislbi Gouratgriiceams oy et BRaBeR H |y of
cool ant bR haksnstc@boH €.

20.  The coolant nozzle of any one of claims 17 to 19 wherein the plurality of coolant
outlets is elongate.

21.  The coolant nozzle of any one of claims 17 to 20 wherein the plurality of coolant
outlets comptises at least five outlets and the at least one coolant inlet is a single coolant

inlet.

22.  The coolant nozzle of any one of claims 17 to 21 wherein the plurality of coolant
outlets are each at a common radial position relative to an axis and are each at a unique

angular position about said axis.

23. The coolant nozzle of claim 22 wherein there are no other coolant outlets in

addition to the plurality of coolant outlets.

24.  The coolant nozzle of any one of claims 15 to 23 wherein the aperture is a through-
aperture and the nozzle surrounds a full 360° of the through-aperture.

25.  The coolant nozzle of any one of claims 15 to 24 wherein the aperture has a
diameter of less than 3cm.

26. A coolant nozzle comprising at least one coolant inlet; at least one coolant outlet;

intetnal surface portions defining one or mo§e passageways between the at least one



21. The cool ant nozzle of any one of clainms 17 to 20 wherein the plurality
of coolant outlets conprises at least five outlets and the at |east one:
coolant inlet is a single coolant inlet. 22. The cool ant nozzle of any one
of claims 17 to 21 wherein the plurality of coolant outlets are each at a
common radi,al, .position relative to an,axi g and ate.each at uni gye angul ar
posi ti oncg%lﬁftlﬁggﬁng tg‘;('f‘tsl?asggr.’e cﬂ?&‘“&% eg’r?fl aﬁ‘%% glr%?)r@ %mnl?ﬁ%u\?\ﬁég’gi n there
are no otf&yg{edq)qqaa&ﬁvemgﬂﬁa@ﬁﬁgj addition to the plurality of cool ant
outlets. 24. The cool ant nozzle of any one of clains 15 to 23 wherein the
aperture is a through- aperture and the nozzle surrounds a full 360 of the
t hr ough- gpert yr C : h.al .0 24
wherein ? ﬁ'e a%e‘?dtollff% gnﬁgés?eeaas %?ng%?%é% gf(g%réngp ﬁéﬁﬁgct% cog)éﬂltgﬁ %z(})eg?a nozzl e
conpri si figr Bt oh@asichineeoddatiagh rotaligt eladgateadsisivebiz. cool ant outlet; internal
surface portions defining one or nore passageways between the at |east one 7
coolant inlet and the at | east one coolant outlet; and an aperture for
acconmodaki ng (8; I ' haseM5% WaloN ool ant

nozzl e a?g'cl afp@rr% %ﬁng%%%l%%eﬁﬁa@%h{gft 0 2&5 %t) E?e%%g%?latﬁtgz%%lge bei ng

for use dornmdrmehingle untady piae bpgelectivolasdrismgermgongat e abrasive bit 28. A

cool ant nozzle as clained in any one of clains 15 to 27 wherein the nozzle
is fornmed as a single unitary piece by selective |laser sintering. 8



