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 ning of nickel alloys and to a tool used in the process. Mchining
of conpl ex shapes in nickel materials is typically performed using point
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materials. It is a further object of the present invention to provide a
tool for usé*i%h%@b%EaoerQQQEQXT$@apemegmingcbéleﬁ&Seﬁiﬁlgeisbytthh
roces ! tool. of the present invention. In accordance w e
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nickel milling, allow fast machining times but restrict the geometries

that can be designed. Because of these restricticns, 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 to provide
a tool 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 prccess 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.



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 form ng
a part by renoving material at the point contact by rotating the tool.
Further, in accordance with the present invention, a tool for use in
poi nt supera h d o] i enlar ed porti.o
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description and the accompanying drawing, wherein like reference

numerals depict like elements.

BRIEF DESCRIPTION OF THE DRAWINGS

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

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

FIG. 3 alsc illustrates the tool of the present inventzion

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

DETAILED DESCRIPTICN OF THE PREFERRED EMBODIMENT (S)

The present invention relates to point 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 seccend
shaft portion 20 extending from a second surface 22 of the

enlarged portion. The second shaft portion 20 fits into the



material. Referring nowto FIG 1, a tool 10 for use in a point

super abrasi ve machi ning process is illustrated. The tool 10 has an

enl arged portion 12, a tip portion 14, and a first shaft portion 16
extending froma first surface 18 of the enlarged portion 12 to the tip
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fits i machhee2(getndhognspi ndl e of a hi gh speed spindle on a machini ng
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known in the art, preferably a steel mater can Séeén "Fi g.
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tool 10 to be. ti htened and removed using a wench., Further, the first
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material being nmilled. As can be seen fromFig. 17 the first shaft

portion 16 had & preferred embodiment of the present invention, the
first shaft portion 16 has a constant diameter aleng 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 cocats the tool may have a grit
size 1in 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
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agrit 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
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The tool 10 may be moved by the pre-programmed, computer
cperated machine center to provide an airfoil type curvature to
the surface 40 and thus form an airfcil member on an integrally
bladed rotor or blisk (bladed disk), or 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 is at an angle a with respect to
the surface 40.

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 tocl 10, if desired, may be oriented so that the
tool longitudinal axis 30 is at an angle B 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 10C.

The tool 10 of the present invention allows material to be

removed at much greater speeds and lower locads which avoid
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operated machine center to provide an airfoil type curvature to the
surface 40 and thus forman airfoil nmenber on an integrally bladed rotor
or blisk (bladed disk), or the curved elenents of an inpeller (not

shown). The workpi ece 42 nay have a base conponent 46 and the tool 10 may
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shapes from a nickel alloy substrate. In the past, it has been
very expensilve to machine these shapes due to long machining
time reguired with conventional milling.

It 1s apparent that there has been provided in accordance
with the present invention a process for performing point
superabrasive machining of nickel alloys has been provided which
fulily satisfies the objects, means, and advantages set forth
hereinbefcre. While the present invention has been described in
the context of specific embodiments therecf, other 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

cf the appended claims.



invention is faster than a flank mlling operation and thus economcally
beneficial. This is due to the nuch faster netal renoval rates resulting
fromuse of the tool of the present invention. Still another advantage of
the tool 10 of the present invention is that it may he used to form

engi newease 1sshapesvydsonpg a ni ckel all oy substrate. In the past, it has
been very expensive to machi ne these shapes due to | ong machining tine

required with conventional mlling. It is apparent that there has been
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nachingfégﬁfgs qf%ﬁqquﬁqﬁé)surface to be mac 1ne and said grinding

surface; and

(¢) forming a part by removing material at said point

contact by rotating said tool.

2. A process according to claim 1, wherein said rotating step
comprises rotating said tool at a speed in the range of 40,000

to 90,000 reveolutions 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. DA process according to claim 3, wherein said orienting step
comprises sald surface having a height along a first axis and

orienting sald tool at an angle with respect to said first axis.

5. A process according to ¢laim 1, wherein said tocl providing
step {a) comprises providing a tool having an enlarged portiocn,
a tip portion, and a constant diameter shaft portion extending
between said enlarged portion and said tip portion and having a

superabrasive grinding material selected from the group



surface; and (c) formng a part by renoving material at said point
contact by rotating said tool. 2. A process according to claim1, 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

cl ai m Konsherteing sdi dowdri @ridé g stepridengnd sest oi f eadi ogbsai detool at an
angle relative to s%gg surface to be chined. 4. A process according to
cl ai m 3 et <3 ot i By stdp @ n%n%"ﬁ e‘él%aﬁ)ﬂrghﬁ"?aoe havi ng a

hei ght along a first axis and orienting said tool at an angle with
respect to said first axis. 5. A process according to claim1, wherein
sai d tdol pgravidiars stEprdEA)s donprises br oviveli agn asd 00l phavi Agranng

enl arge orti.on atip portion, and a constant dianmeter shaft tion
ot ondi i bt e St 1% M Yo o1 (o Snh ST [ bt L B SFe hiivi ng a
super abfasiese dNdidng Jrmterialisel ected fromthe group 6 consisting of
cubic boron nitride and vitrified cubic boron nitride on said shaft

portion and said tip portion. 6. A process according to claim1, wherein

said payt formn ste c). conprises. form an. airfoil nmenber on an
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tool . SUAF5cocEs SHCE A IR+ BB, Wit el F a5 HPaFaid ok AP step
further conprises using said tool to blend said airfoil

8. A process according to claim 6, wherein said part forming
step further comprises using said tocl to blend said airfoil

member into a base member.

. A tool for use in a point superabrasive machining process

comprising:

an enlarged portion, a tip porticn, and a first shaft
portion extending from said enlarged portion to said tip

portion;

sald first shaft portion and said tip portion being coated

with an abrasive material; and

said first shaft portion having a constant diameter.
10. A tocl according to claim 8, wherein said abrasive material
is selected from the group of cubic boron nitride and vitrified

cubic boreon nitride.

11. 2 tocl according to claim 9, wherein said enlarged portion

has flattened portions for receiving a wrench.



menber into a base nenber. 9. A tool for use in a point superabrasive
machi ni ng process conprising: an enlarged portion, a tip portion, and a
first shaft portion extending fromsaid enlarged portion to said tip
portion, said first shaft portion and said tip portion being coated wth
an abrasive met@sl adccandi sgi dof &1 stmshaf fupehkiroRchpYiBYngd €QRNSt @Rt st
diameter. 10. A tool according to claim9, wherein said abrasive materi al
i s sel eCt@ld o 1Pe Yreepdondclbr® Bof brshi eRrdacandfviatif padareali c
boron nitri o LN ¢l aj wherein said _enl arged
porti02&5%%§§?I%%?eﬁ;%8%%?€i%ﬁég#ogo%géé%v?ﬁgggdﬁpgngﬁgm7a1§?C3P500I
accor disgr facelef midfemiheseqoppri s6ng said Beeshd shathcpoptief
extending froma first surface of said enlarged portion and a second
shaft SRGUH @ efith higt FFom 8U5k8eRd surface of said enlarged portion
said second surface being opposed to said first surface. 13. A tool
according to claim9, wherein said first shaft portion, said enlarged
portion, 3 and saidl seconddshaftcoporsiens, aveeeach &arged: fromssteel . 8

portion, said enlarged porticn, and said second shaft portion

are each formed from steel.





