COOLANT NOZZLE BACKGROUND OF THE [ VVENTION (11 Field of the Invention

[ 0002] The invention relates to machining. Mre particularly, the
invention relates to superabrasive machining of netal alloy articles. (2)
Description of the Related Art 100031 ﬁﬁ aratus for point and flank

super abr asi ve machi ni ng (SAM of CP &QZZ&LE conponents are respectively
shown in US patent applications 101289, 493 and 101400, 937, respectively
filed Novenber 6, 2002 and March 27, 2003. The discl osures of the '493 and
' 937 applications are incorporated by reference herein as if set forth at
length. It is inportant to provide fluid coolant/lubricant (e.g., oil or
wat er - based materials) to maintain machining effectiveness. SUMVARY OF
THE | NVENTI ON [ 0004] One aspect of the invention involves a cool ant nozzle
for use on a machine 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 accommopdates the bit. [0005] In various inplenentations, the
internal surface portions BREKGROUNDeOF THBRINGENTIONI ntered ceram ¢ body.
The passageways may include a plenum surrounding the aperture. There may
be a nudﬁhﬁ@hﬁﬂﬂhﬁﬁ@ﬂﬁﬁggnnetric around an axis. There may be a number of
outlets i(iti4oned to di tat g . . : tygward an
axi s o DRI ReliontklaRSie RRERAAL Shee BPRLP b fhemdP RS 8 Ty
be el ongaperabiRenathiniReofietabalidy driisles. outlets and a single inlet. The

. aperture may have a dianmeter of less than three centineters. - The nozzle
may be in conbination with the nachine tool and bit and a nunber of

coolant(Pﬁg%%ﬁhnﬁ%&ﬂ@m§Rg§%dgﬁ{t the outlets and inpact obliquely along a

si de of
[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 involves a coolant nozzle for use on a machine tool
having a rotat'mé bit. The nozzle cornprises.;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 intemal 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 infet. 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.



1 j 00061 Anot her 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 cool ant
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DESCRI PT] : BI%AW GS ,.100091 FIG, 1 is.a yiew of .a nozzle according
to prin |°;g)}ﬂgg%lgl e |nna\:'/&e!n'“tmldoa%.a ufmiﬁ&gtg?rcgosalOP§%QU&B? f‘?“éafh?%ma?’gﬁgf’ vi ew
of the nalgetlceolant duitlets ik atidien t@the@olanhsutfetsl . 100111 FIG 3 is a front
x-ray view of the nozzle of FIG |. [00121 FIG 4 is a view of a front
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DETAI LED DESCRI PTI ON [ 00161 FIG 1 shows a nozzle 20 for

| ubricating/cooling a bit 22 held by a spindle 24 of a machine tool. An

exenplary bit is a supeHAERPNECRITION OF HY DRAWNdGEhaft with a distal

[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.,
pl ated cubic boron nitride or dianond grit). The bit has an internediate

enl arged portion 30 having fl gripping by a tool and a
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proxi mal portion (not shown) for to the spindle. The
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surface may ,include features (e.g., a channel 44) for mating to
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internal surface 52 in_ close spaced-part relation to the bit intermed ate
port i on ®B¢hapaeld4) fof mating togamplemantasy fatweoe! thpmaghiag tned flophio mgisier the
narrow vy, e | r ' : Q k Lon. f the
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exenpl arypagbbprividedtsucli femoanapapbBuesiié RIS ) fdreecepingistuds Hotrvaing ek ti on
with an t%ppro riate rzﬂdi al clearance and is connected via passageways 60
(FI G 1)the grachine topl or dastepersrextenging; iptodhe maghige (ed torsaioyphlysocyse tig nozzle
passage ..gf d T h afell : oI MqTo] ction
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interval §m1§'8 B3nd gxe%{pcfa\(ljy%lenbeo\(lhenrl]ent, 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° intervals 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
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t he nozzle circunscr 360 ar oun
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 nmay be particul ar circunstances where this
structure mght not be utilized. 10020] In the exenplary enbodi nent, the
outlets are all of a given size and ?«%ﬁ&? and at a given radius fromthe
axis 500 and are equal ly spaced about axis. The illustrated nozzle

i ncl udeswhweitclaimed {set s. An exenplary broad range is two to forty outlets.
Narrower ranges are five to thirty and ten to twenty-five. [00211 One or
nmor e enbbdi nehtcgolent nazalefpenseran 4 maehing el hawing Heatatingdt; thepmazle

Neverthel ess.,. it will be understood that various nodifications nmay be
made W t ERRﬁS arting fromthe spirit and scope of the invention. For
exanpl e, variQUsstiiedddotan®inléthe nozzl e may be configured for use with
particul ar machine tools, bits, and applications. In flank SAM

appl i cat i ons,ati¢nst engtqoslant atfetbe di stributed so that their streams
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Accor di nglbant Hi¢i8he abRdéAEMScodlmt vitld dahdt he scope of the follow ng
claims. 4 CLAIMS What is clained is: 1. A coolant nozzle for use on a
machi ne t ool #meAperyreafor aecamimeglapng thethe nozzle conprising: at |east one
coolant inlet; at |east one coolant outlet; internal surface portions
defining one or nore passageways between the at |east one coolant inlet
the and At | eAsdnd2AR TN whetkinghe indétdalanrfagepdrtiéss 41 forikd@aadat i ng t he
bit. 2. The nozzle of claim1 wherein the internal surface portions are
formed ifntgredggmmic body.

3. The nozzle of claim 1 wherein the one or more passageways includes a plenum

surrounding the aperture.

4. The nozzle of claim 1 wherein the at least one coolant outlet comprises a plurality of

coolant outlets symmetric around an axis.

5. The nozzle of claim 1 wherein the at least one coolant outlet comprises a plurality of

coolant outlets

6. The nozzle of claim 5 wherein the plurality of coolant outlets are positioned to direct

associated coolant outlet streams toward an axis of the bit when said bit is in an installed

position.
7. The nozzle of claim 5 wherein the plurality of coolant outlets are elongate.
8. The nozzle of claim 5 wherein the plurality of coolant outlets comprises at least five

outlets and the at least one coolant inlet is a single coolant inlet,

9. The nozzle of claim 5 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.



sintered ceram c body. 3. The nozzle of claim1l wherein the one or nore
passageways i ncludes a plenum surrounding the aperture. 4. The nozzl e of
claiml1 wherein the at | east one cool ant outlet conprises a plurality of
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6. The ﬁﬁépllﬁalﬂf/oﬁb@j]mtﬁ)umr ein the plurality of coolant 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 nozzle of claim

5 whereiny th | ur al i f | apt ,outl ets are ongate. 8. The nozzl e of
claims 1I/‘I/I']er 2?% qr?ganE)I‘ézrzg? I’f@%&q ngcIlSIcgh?pe&ﬁ‘ftI @@I;Ilregg%apggge a?‘IIIeI’éd‘s"Fz i ve
out | et s san@duhdiaa fill j(@a%fﬂﬁnﬁmggmagmwknl et is a single coolant inlet. 9.
The nozzle of claim5 wherein the plurality of coolant outlets are each at
a common radial position relative to an axis and are each at a uni que
angul ar si t40on_ abput. sal d axi s. 10. . The coolant npzzle of claim9
wher ei n ]I%rqer ethaerneozrzlg3 QIS ?rgmtﬁ%mq@{%ﬁ?srﬁ (I’:Ia’aFtteI Sﬁl%'fsbt%e? II‘émpI urality
of cool ant outlets. 11. The cool ant nozzle of claim1 wherein aperture is

a through-aperture and the nozzle surrounds a full 360 of the _
t hr ough-per t Theanozzle of plpsmplotcombiration avith the waghiae todd laad hisend wherdima a
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streans sdd ¢fthéBitat | east one outlet and inpact obliquely along a side of
the bit. 6





