PO NT SUPERABRASI VE MACHI NI NG OF NI CKEL ALLOYS BACKGROUND OF THE | NVENTI ON
The present invention relates to a process for point superabrasive
machi ni ng of nickel alloys and to a tool used in the process. Machining of
conpl ex shapes in nickel materials is typically perforned using point
mlling. This technology uses a rotary nmulti-tooth cutter to renove
material. O her noP@INT eSYPERABRAS FEE WAHSHINING 9 WEEKERodheAYEal nachi ni ng
and flank mlling, allow fast machining tines but restrict the geonetries

t hat can be designed. Because of these restrictions, point mlling is often
used. This gives the desi gnerarmsicumn offl edbilNvENT TONe Oponent  desi gn.

Point mlling however is a relatively slow process when machi ni ng hi gh
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further ohgeegtroafestshe present invention to provide a tool for use in such a
process. The foregoing objects are net by the process and the tool of the
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ni ckel - based al | oy broadly conprises the ste
a grindi mgtsunyf ave tdodtced hnicut te s agenabras veterial . Other more

restrictive methods, such as electrochemical machining and flank
milling, allow fast machining times but restrict the geometries
that can be designed. Because of these restrictions, point
milling is often used. This gives the designer maximum
flexibility in component design. Point milling however is a
relatively slow process when machining high hardness materials

such as nickel alloys.

SUMMARY OF THE INVENTION

Accordingly, it is an object of the present invention to
provide a process for point superabrasive machining of nickel
based materials.

It is a further object of the present invention toc provide
a teool for use in such a process.

The foregoing objects are met by the process and the tool
of the present invention.

In accordance with the present invention, a process for
point superabrasive machining of a nickel based material, such
as nickel-based alloys, broadly comprises the steps of providing
a tool having a grinding surface coated with a superabrasive
material, orienting the tool relative to a surface of the nickel
based material to be machined so that there is point contact
between the surface to be machined and the grinding surface of
the tool, and forming a part by removing material at the point

contact by rotating the tool.



material, orienting the tool relative to a surface of the nickel based
material to be nachined so that there is point contact between the surface
tto be nmachined and the grinding surface of the tool, and form ng a part by
removing material at the point contact by rotating the tool. 1 Further, in
accordance with the present invention, a tool for use in point
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relates to polnt superabrasive
attendant thereto, are set forth in the following detailed

description and the accompanying drawing, wherein like reference

; numerals depict like elements.

BRIEF DESCRIPTION QF THE DRAWINGS

FIG. 1 illustrates a point superabrasive machining tool in
accordance with the present invention;

FIG. 2 illustrates the tocl of the present invention being
used on a workpiece formed from a nickel based material; and

FIG. 3 also illustrates the tool of the present inventicn

being used on a workpiece formed from a nickel based material.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT (S)

The present invention relates to peint superabrasive
machining. In this technique, a grinding tool coated with
superabrasive grit is rotated at high RPMs to grind off the
material.

Referring now to FIG. 1, a tool 10 for use in a point
superabrasive machining process is illustrated. The tool 10 has
an enlarged portion 12, a tip portion 14, and a first shaft
portion 16 extending from a first surface 18 of the enlarged
portion 12 to the tip portion 14. The tool 10 also has a second
shaft portion 20 extending from a second surface 22 of the

enlarged portion. The second shaft portion 20 fits into the
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machining. In this technique, a grinding tool coated with superabrasive
grit is rotated at high RPMs to grind off the material. Referring nowto
FIG 1, a tool 10 for use in a point superabrasive machining process is
illustrated. The tool 10 has an enlarged portion 12, a tip portion 14, and
a first shaft portion 16 extending froma first surface 18 of the enl arged
portion %&iﬁiﬁ@_épﬂq@%téﬂna 141 gThept eal s%@nahéooﬂaﬁ Ra8B¢ANH sbathr
portion 20 extending froma second surface 22 of the enlarged portion. The
second shEfdhiges t (B@L 20h¢w¥rs. into the 2 grinding spindle of a high speed
spindle on a chinin nter . machine. (not_shpwn). The to 10, .and in
particul ar thgpﬁ?r%?oghggt %%gt%%npﬁ%Flé?g%rsgﬁ8nﬁl§ﬁgf?thLtP8ﬁt28? tRe
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tool material known in the art, preferably a steel material. As can be seen
from Fi g.t3P B 2o al gedepobti bprmed hbson| anyemnedtpblei basl2natkoiadl | ow ng
t he tool 10 i gh ed_a renpved using a_.wench. Further, the first
shaft por ﬁ3%91§§iéﬁgo%§gd ?5Q€%5a e%l%rﬁgﬁe%oP?Fgﬁng'bygﬁ BRENGSoPSfM | et
regi on 2&xrdm Bigref ereed enbedhsentostibhelprrsentlboventioporthensf bust
shaft portion 16 has a constant dianeter along its length and is
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desirabl emoanged portion 12 by a blend or fillet region 26.

In a preferred embodiment c¢f the present invention, the
f first shaft portion 16 has a constant diameter along its length
and is non-tapered. Unlike tapered tools where, in certain
applications, it is not possible to have point contact between
the tool and the surface of the material being machined, the
non-tapered shaft portion 16 allows for very desirable point
contact between the tool 10 and the surface of the material
being milled.

As can be seen from Fig. 1, the first shaft portion 16 has
a grit material 28 applied to a majority of its length,
preferably about 70 to 75% of its length. The superabrasive
coating or grit 28 may be applied to the tool using any suitable
technique known in the art, such as by electroplating or a
vitrified process. Preferably, the superabrasive grit is formed
from a superabrasive material selected from the group of cubic
boron nitride and vitrified cubic boron nitride. The
superabrasive material 28 that coats the tool may have a grit
size in the range of 40/45 to 325/400 depending on the depth of
the cut and the required surface finish.

The machining center may comprise any suitable computer
operated multi-axis grinding or milling machine known in the
art.

In operation, a process for point superabrasive milling of

a nickel based material broadly comprises the steps of providing
3



contact between the tool 10 and the surface of the material being mll ed.
As can be seen fromFig. 1, the first shaft portion 16 has a grit materi al
28 applied to a ngjority of its length, preferably about 70 to 75%of its

| engt h. The superabrasive coating or grit 28 nay be applied to the tool
using any suitable technique known in the art, such as by el ectroplating or
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tool 10 and the_ surface 40 so as to forma desired shaEe in
applied to the surface 40 and the tool 10 while the material is

being removed.

( The tool 10 may be moved by the pre-programmed, computer
operated machirne center to provide an airfoil type curvature to
the surface 40 and thus form an airfoil member on an integrally
bladed rotor or blisk {(bladed disk), ¢r the curved elements of
an impeller (not shown). The workpiece 42 may have a base
component 46 and the tool 10 may be used, as shown in FIG. 2.
As can be seen from this figure, the tool 10 may be oriented so
that its longitudinal axis 30 1s at an angle o with respect to
the surface 40C.

As shown in FIG. 3, the nickel based material workpiece 42
may have a surface 40 which in turn has a height h along a first

( axis 50. The tool 10, if desired, may be oriented so that the

) tool longitudinal axis 30 is at an angle P with respect to the
axis 50.

If desired, the tool 10 of the present invention may be
used to rough machine the workpiece 42 into the shape of a
desired part, such as an integrally bladed rotor, blisk, or
impeller, prior to using the tool 10 to form part components
with a surface 40 with a complex shape. Rough machining may be
carried out using the roughing surface 29 on the tool 10.

The toel 10 of the present invention allows material to be

removed at much greater speeds and lower loads which avoid
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the surface 40. Any suitable coolant and/or lubricant nmay be applied to the
surface 40 and the tool 10 while the material is being renoved. The tool 10
may be noved by the pre-programmed, conputer operated nachine center to
provide an airfoil type curvature to the surface 40 and thus form an
airfoil nmenber on an integrally bladed rotor or blisk (bladed disk), or the
curved eI@ﬁnﬁﬁsgoﬁamageihpeﬁﬂéﬁOéﬁomethWﬁ)bEThe weckpinece 4Zheay cedve Ga
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showmn in FIG 3, the nickel based material workpiece 42 may have a surface
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surface 2 resent i nvention al
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causing damage, 12,21 rLeth, "emRers Peng TR 28l 3% ' ¢ the
present invention is that it may be used to form engine case
[ shapes from a nickel alloy substrate. In the past, it has been
| very expensive to machine these shapes due to long machining
time required with conventiconal milling.

It is apparent that there has been provided in accordance
with the present invention a process for performing point
superabrasive machining of nickel allecys has been provided which
fully satisfies the objects, means, and advantages set forth
hereinbefcre. While the present invention has been described in
the context of specific embodiments thereof, cther alternatives,
modifications, and variations will become apparent to those
skilled in the art having read the foregoing description.
Accordingly, it is intended to embrace those alternatives,

modifications, and variations which fall within the broad scope

of the appended claims.



al so all ows heat to be dissipated very quickly, which helps avoid the
formation of bent grains or white layer in the mcrostructure. Still
further, the tool 10 provides better surface finishes and has an increased
tool life. A point superabrasive nachining process using the tool 10 of the
present invention is faster than a flank m'ling operation and thus

econom MaHWT BRGEfARMED ISthis is due to the nuch faster netal renoval rates
resulting fromuse of the tool of the present invention. Still another
advant age of the tool 10 of the present invention is that it may be used to
formengi ne gase.  shapes from.,a nickel .alloy substrate. |In the past, it has
been vg'ry e)%p%rﬁ%qsggortpglmg%qrﬁlgaﬁlﬁ%@gclgwggé)fa&lfgetl@spgﬁ)gt% FRPPHYE ti ne
requi r echewitdpd ogonventional mlling. It is apparent that there has been
provided in accordance wth the present invention a process for performng
poi nt superabrasive machi ni ng of nickel alloys has been provi ded which

fully satisfies the objects, means, and advantages set forth hereinbefore.
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nodi fi cations, and vari gti ons which fall within the broad scope of the
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machining of a ni ckghteBARRH AR ShpAabLRTR Lt Rhterial;

(b} orienting said tool relative to a surface of said nickel based
material to be machined so that there is point contact between

said surface to be machined and said grinding surface; and

(c) forming a part by removing material at said point contact by
rotating said tool,
wherein said orienting step comprises orienting said tool at an

angle relative to said surface to be machined.

2. A process according to claim I, wherein said rotating step comprises rotating said

tool at a speed in the range of 40,000 to 90,000 revolutions per minute.

3. A process according to claim 1, wherein said orienting step comprises

orienting said tool at an angle relative to said surface to be machined.

4, A process according to claim 3, wherein said orienting step comprises
said surface having a height along a first axis and orienting said tool at an

angle with respect to said first axis.

5. A process according to claim 1, wherein the shaft portion of constant

diameter extends between said enlarged portion and said tip portion.



the steps of: (a) providing a tool having an enlarged portion, atip
portion, a first shaft extending fromsaid enlarged portion to said tip

portion,, sai i rst t1on . sal i ortion.being coated with a
B oper abidist ve gricb S asPitin SRR WA e SubsrRufTS LARIRERARAER 04 W (1
sai d supeleateddminy the@rodp ¢oakBtingbf cubiy) baron aittideghdsdirified@abicrter@t hividet 0 a

surface of said nickel based material to be machined so that there is point
contact between said surface to be nachined and said grinding surface; and

(c) formgng a,part by removing.material at, sai oi nt contact .b rotating
sai d toon*, wégéqcﬁssé;f’?f H’rgitBr‘f?‘i‘ @P&ﬁ%%??‘%&g‘%b‘?%%m&ﬁﬁo@m‘ Stool at an
angl e T efpofthing@n bR PMEMBEY SPALIntQ IR BTRELY ReQr of-an PP ASESS according to
claim1l1l, wherein said rotating step conprises rotating said tool at a speed
in the range of 40,000 to 90,000 revolutions per mnute. 3. A process

according to claim1, wherein said orienting step conprises orienting said
tool at &n anfyPeoces asepidingty claamd, sfhereireaid parp Porminghster further comprisstess

accor di Q: Cl.ai j ' [ 3! t FJ i.d, .qurface
naving & tRodingufate dOR( B4R oRELUTAE oP Bl BR(CT AR AR i BRfer SR 01 2T,
respect tool.said first axis. 5. A process according to claim1l, wherein the
shaft portion of constant dianeter extends between said enlarged portion

and said tip portion. 6 6. A process according to claim1, wherein the
super abrasi ve, gri ndi n terial i sel.ected from.the group consisting of
Cubi ¢ boton PRI Aerayie tpicfaind asTedt f B Farryngser ythencomist s
accor di ngsifeOsatd RbMoblend@I®AiFfoR RlethRAlHto h BadE MémBdrep (c) conprises form ng
an airfoil menber on an integrally bladed rotor or an inpeller.

10. A tool for use in a point superabrasive machining process comprising:

an enlarged portion, a tip portion, and a first shaft portion extending

from a first surface of said enlarged portion to said tip portion;

a second shaft portion extending from a second surface of said enlarged

portion;
said second surface being opposed to said first surface;

said first shaft portion and said tip portion being coated with an
abrasive material,
wherein said abrasive material is selected from the group of cubic boron nitride

and vitrified cubic boron nitride; and

said first shaft portion having a constant diameter.



8. A process according to claim7, wherein said part form ng step further
conprises providing a curvature to at | east one surface of said airfoi
menber or inpeller using said tool. 9. A process according to claim?7,
wherein said part formng step further conprises using said tool to blend
said ai rfoi | AReQEcriing tdchRs $0/WhREH sailiCnlafrddqRrtidPhasfichsl goraeﬁsn_t

super abr asi ve machi ni ng-process conprising: an enlarged portion, a tip

porti on, foarsgeinirg a wrenghaft portion extending froma first surface of said
enl arged portion to said tip portion; a second shaft portion extending from
a second surface of said enlarged portion; said second surface being
opposed to said first surface; said first shaft portion and said tip portion
being coated with an abrasive naterial, wherein said abrasive material is
selected fromthe group of cubic boron nitride and vitrified cubic boron
nitride; and said first shaft portion having a constant dianmeter. 7 11. A
t ool acchkkdi nd tool askceandingito clavmellewherssi shidfitshshpdicbquden,isaid ehtesgdd at t ened
portions_ for r ceiving ahéiqggh. 12, ftooI accor ing to claim10, wherein
sai d fi rRYUShAPE SHDPTIOBA ShaLPeriah Pt el PS8R dnd “sai d second shaf t

portion are each fornmed fromsteel. 8



