FLANK SUPERABRASI VE MACHI NI NG BACKGROUND OF THE | NVENTI ON The present
I nvention relates to a tool and a nethod for machining conplex airfoi
shapes in materials such as nickel or titaniumalloys. In the past,

airfoil shapes have been nmachined using a variet¥ of different techniques.
These techni ques i ncl ude FLANEKIDERABIRAS ITRE MAFRINENSA| cal machi ning (ECM,

and conventional point mlling. These technlques however are slow and the
tools used to performthemdo not have a particularly long life
especially, in hardened alBRyEeROENRr PRl EHE ERVERTIGNckel alloys. The

cutting forcas, RLOAUGR (ird g S0 5L LD 5 0RS 31 Ofnies UhntehBahkgh | 0ads

on the mnrkplecé) can resu In arrf ection and chatter that
result&mahxnnngsnmmpﬁ&x dinfehl shapssatsomdiéfialbtsushngst haskel or

t echni u s qgg surface finishes that neet part requirenents wthout
additio ankﬁ%d@ 7%y such as hand polishing or nmedia finishings. Thus,
there is a naedﬂh@rpéﬁtj mpinﬂ@ﬁltmbapaadhamelhpenvmdchmeeﬁOUSﬁog ﬁachining

conpl ex airfoil ess tine at E
INVENTP@N“%E@bﬁﬂf {#%EE¥?n?st%ﬁh%b?%%§ ofePﬁgepgggén%égnveBglon gg provi de
an i nprovack teol 1 {ef, nebdéntagekeonptaek shabesing KBEW) ,tamé at | ower |oad

and with i nproved surface fipjshes rt her opject of t he present
i nvent i MY ?ﬁ?ﬁ@hépO%pTo%+Pgﬁn%bov hﬁﬁ?cﬁefggfguFongéVeV aESn%@n?.on
tool s. dddisheyetodl Widdercobpectoph thempdessat haventi partocularly

long life especially, in hardened alloyed materials such as
nickel alloys. The cutting forces produced during the milling
operation result in high loads on the workpiece which can result
in airfoil deflection and chatter that results in poor surface
finish. It is also difficult using thesge techniques to produce
surface finishes that meet part requirements without additional
processing such as hand polishing or media finishings.

Thus, there is a need for an improved tool and an improved
method for machining complex airfoil shapes in less time at

lower loads.

SUMMARY QF THE INVENTION

Accordingly, it is an object of the present invention to
provide an improved tool for machining complex shapes in less
time at lower load and with improved surface finishes.

It is a further object of the present invention to provide
a tool as above which lasts longer than convention tools.

It is yet a further object of the present invention to
provide an improved method for machining complex shapes.

The foregoing objects are attained by the tool and the
method of the present invention.

In accordance with the present invention, a tool which may
be used in superabrasive machining is disclosed. The tool
broadly comprises a shaft portion, an enlarged head portion

adjacent the shaft portion, and a tapered grinding portion

adjacent to the enlarged head portion. The tapered grinding
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provi de an inproved nethod for nmachi ning conpl ex shapes. The foregoing
obj ects are attained by the tool and the nethod of the present invention.
In accordance with the present invention, a tool which may be used in
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The grit material 24 preferably has a grit size in the
range of 40 to 400, preferably 45 to 325. The grit material 24
may be electroplated or brazed onto the tapered grinding portion
16. For example, the grit material could be cubic boron nitride
plated onto the tapered grinding portion 16. For finishing
cuts, the tool is a vitrified cubic boron nitride or diamond
tool having a layer of vitrified grit material on the grinding
peortion 16. It is preferred to use a vitrified grit applied to
portion 16 for finishing cuts because the quill 10 can be
dressed to produce less run-out and therefore result in better
surface finishes. Alsoc, when the grit wears, it can be
redressed or sharpened to produce a better surface finish. A
vitrified grit material has a glass type ceramic bonding
material which holds the abrasive grits together and then bonded
to the underlying tool substrate.

To form a complex airfoil shape in a substrate material 30,
the tool 10 is inserted into a grinding spindle in a multi-axis
machine tool 32. The tool 10 is then rotated about its
longitudinal axis 20 by the machine 32 at a spindle speed in the
range of 40,000 RPM to 90,000 RPM. The tool is cocled and
lubricated by a nozzle (not shown) which distributes ocil or
water lubricant on the toecl 10 and the workpiece or substrate
material 30. The tool 10 is then moved into contact with the
substrate material 30 and maneuvered to form a desired complex

shapes, e.g. an airfoil shape. Movement of the tool 10 and the
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tool having a layer of vitrified grit material on the grinding portion 16.
It is preferred to use a vitrified grit applied to portion 16 for
finishing cuts because the quill 10 can be dressed to produce | ess run-out
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used in conventional methods used to produce integrally bladed
rotors.

It i1s apparent that there has been provided in accordance
with the present invention a flank superabrasive machining tool
which fully satisfies the objects, means, and advantages set
forth hereinbefore. While the present invention is described in
the context of specific embodiments thereof, other alternatives,
medifications, 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 as fall within the broad scope of

the appended claims.




10 pin, with machining tinmes nmuch |l ess than conventional flank mlling,
ECM or conventional point mlling techniques. The nethod of the present
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t he foregoi ng-description. Accordingly, it is intended to enbrace those
alternatives, nodifications, and variations as fall within the broad scope
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superabrasive machining conprising: a shaft portion; an enlarged head
portion adjacent the shaft portion; a tapered grinding portion adjacent
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sald tapered grinding portion having a layer of grit
material selected from the group consisting of diamonds and

cubic boron nitride.

2. A tool according to claim 1, wherein said grit material is

electroplated onto said tapered portion.

3. A tool according to claim 1, wherein said grit material is

brazed onto said tapered milling portion.

4. A tool according to claim 1, wherein said grit material is

cubic boron nitride plated onto said tapered grinding portion.

5. A tool according to c¢laim 1, wherein said grit material is a

vitrified cubic boron nitride material.

6. A tool according to claim 1, wherein said enlarged head
portion is joined to said tapered grinding portion by a fillet

portion.

7. A tool according to claim 1, wherein each of said shaft
portion and said enlarged head portion have a plurality of flats

to accommodate a wrench.

8. A tool according to claim 1, wherein said grit material has

a grit size in the range of 40 to 400.
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2. Atool according to claim1, wherein said grit material is

el ectroplated onto said tapered portion. 3. Atool according to claiml1,
wherein said grit material is brazed onto said tapered mlling portion. 4.
A tool according to claiml1l, wherein said grit material is cubic boron
nitride plated onto said tapered grindi ng portion. 5. A tool according to
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machi ni ng a conplex shape in a substrate conprising the steps of:
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on the tapered grinding portion;

inserting said shaft portion of said tool into a grinding

spindle;

rotating said tool at a spindle speed in the range of
40,000 RPM to 50,000 RPM; and

placing said rotating tool into contact with a substrate

material.

11. A method according to claim 10, further comprising spraying

a lubricant onto said tocol and said substrate material.

12. A method according to claim 10, wherein said tocl providing
step comprises providing a tool having vitrified or plated cubic

boron nitride on said grinding portion.

13. A method according to claim 10, further comprising moving
said rotating tool to form a plurality of airfoil shapes in said

substrate material.

14. A method for forming a component having a plurality of

airfoil shapes comprising the steps of:



rotating said tool at a spindle speed in the range of 40,000 RPMto 90, 000
RPM and placing said rotating tool into contact with a substrate

material. 11. A nethod according to claim 10, further conprising spraying
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placing the rotating quill into contact with a substrate
material selected from the group consisting of nickel alloys,

titanium alloys, and steels.



