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present invention relates to a tool and a nethod for nmachining conpl ex
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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 these techniques to produce
surface finishes that meet part requirements without additicnal
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 OF 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 locad 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 ﬁhe shaft portion, and a tapered grinding portion

adjacent to the enlarged head portion. The tapered grinding
l



-In accordance with the present invention, a tool which may be used in
super abrasive machining is disclosed. The tool broadly conprises a shaft
portion, an enlarged head portion adjacent the shaft portion, a @Ng@ﬁﬁred

grindi ngRAE s adiiacet do dhe enlahged head RYd ifdem The di ng

20 JUN"2006 portion has a layer of grit material selected fromthe group
consi stdomg igit idcardndsi amedidsy aaddicy Isorde fianordeitrigleyr i tThenmtrdrti al may be
el ectrqpl t riyndi rtion_ E 1.nj shi t.s,_ the tool is a
vitri f?@ﬁ%ﬁ%ﬁ ?n%}hn%aegcéol% at%g) \%nttelh&)t Te tg{ee ellrﬁ%lslnm e%telc%nl,%nd rrgFt%Igd for
super abriasisha mgachitrs ,ng-han taialf gid sshape iimed sphidtlr.ate is  provided. The

nmet hod broa compri ses the . steps of praovi.ding.a tool havin shaft
portion, andﬂézlaacrcgle?réiaﬁgéed wplgtﬂ itglro?, pfr?(f%£% tlibveeg’etd‘od]r’i ﬁdiﬂ%}ﬁgq’?ﬁoﬁ havi ng a

| ayer ofur@ddbyeiierd alacHigmepmn idisedilngHde shafd fupddrend nto a grindi ng
spindle, rofating . the tQol at a spindle speed in the range of 40,000 RPM to
90, 000 HRSH{idaett pilhts Methns (Inadin CEBMLRAS Wit Shersuldt PRy NG il .

Q her dejai Iawing e dedlc autdiheg, mefhedigfr dde HY R e didwentdon, as well

as other objects and advantages attendant. thereto, are set forth in the
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, substrate material.
Other details of the tool and the method of the present
invention, as well as other objects and advantages attendant
thereto, are set forth in the following detailed description and

the accompanying drawings wherein like reference numerals depict

like elements.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic representation of a tool in

accordance with the present invention; and

FIG. 2 illustrates the tool of FIG. 1 in a machine tool and

forming a slot in a substrate material.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT (S)

Referring now to the drawings, FIG. 1 illustrates a flank
superabrasive machining tool or quill 10 for machining complex
airfoil shapes into a substrate material selected from the group
of nickel alloys, titanium alloys, and stainless steel. The
tool 10 has a shaft portion 12, an enlarged head portion 14, and
a tapered grinding portion 16. The tapered grinding portion 16
is joined to the head portion 14 by a fillet portion 18.

The shaft portion 12 of the tool 10 is intended to fit into
a grinding spindle of a milling machine. The tool 10 has a

longitudinal axis 20 about which it is rotated. The shaft
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Referring now to the drawings, FIG 1 illustrates a flank superabrasive

~machining tool or quill 10 for machining conplex airfoil shapes into a

substrate material selected fromthe group of nickel alloys, titanium

all oys, and stainless steel. The tool 10 has a shaft portion 13U%ﬁn enl ar ged
8
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portion 16 1s joined to the head portion 14 a et portion . The
shaft ooty of §fhat tportilonss2? nfendedcpompidatingoa argnchdi ng spi ndl e
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nitride. The grit materjal 24 nmay extend over _the entire length of the
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25 of the tapered grinding portion 16 to a point 27 which is about 70 to 75%
of thethergfinding eoxtapered §Ri adPrgipsrefdoambedimgatgeift thet epradl, 24

prefer SEESRIA r 40.1.0,40 f 45 to 325.
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use a V%éﬁééigg 96i£oa£85iegré9erably 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
portion 16. It is preferred to use a vitrified grit applied to
portion 16 for finishing cuts because the guill 10 can be
dressed to produce less run-out and therefore result in better
surface finishes. Alsco, 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 cooled and
lubricated by a nozzle (not shown) which distributes oil or
water lubricant on the tool 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 tocl 10 and the
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'portion 16 for finishing cuts because the quill 10 can be dressed to
produce less run-out and therefore result in better surface finilghdi 2088 so,
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machine 32 is controlled by software which generates a tool path in
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quill too of" the present invention |asts |onger than the tools
It is 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,
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 as fall within the broad scope of

the appended claims.



used in conventional nethods used to produce integrally bladed rotors. It is
apparent that there has been provided in accordance wth the present
invention a flank superabrasive machining tool which fully satisfies the
obj ects, means, and advantages set forth hereinbefore. while t 8 PiNeZamt
invention is described in the context of specific enbodi ments thereof, other
al t er néiAT ebS CIAINED dai:i ons, and variations wll becone apparent to those
skilled in the art having read the foregoing description. Accordingly, it is
intended to enbrace those alternatives, nodifications, and variations as
fall within the broad scope of the appended clainms. 4 20 JUN 2006 WHAT IS
CLAIMED I'S: 1. A tool for use in superabrasive nmachining conprising: a shaft
portiof: &nteflafgedumat pBHPF HRPLRE e MAPHA18gaFEMBELELR%:  a tapered.
grinding portion adjacent the enlarged head portion; said enlarged head
portion being joined to said smaller dinensioned tapered grinding portion by
a fillet portsbaftepehtidnisaid shaft portion and said enlarged head portion
having a plurality of flats to acconmpdate a wench; and said tapered
grinding portion having a layer of grit material selected fromthe group
consi sting eh dirdmoges hadd pobi codh@adjaaarntr itihe. sBafA pootiamcording to claim
1, wherein said grit material is electroplated onto said tapered portion. 3.
A tool according to claiml, wherein said grit material is

a tapered grinding portion adjacent the enlarged head

portion;

said enlarged head portion being joined to said smaller

dimensioned tapered grinding portion by a fillet portion;

each of said shaft portion and said enlarged head
portion having a plurality of flats to accommodate a wrench;

and
said 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 claim 1, wherein said grit material is a

vitrified cubic boron nitride material.

6. A tool according to any one of claims 1 to 5, wherein said grit



brazed onto said tapered mlling portion. 4. A tool according to claiml,
wherein said grit material is cubic boron nitride plated onto said tapered
grinding portion. 5. A tool according to claiml, wherein said grit materi al
is a vitrified cubic boron nitride material. 6. A tool accoroﬁmgm?ﬂ[ﬂ?ny one
of claims | to 5 wherein said grit 5 20 JUN 2006 material has a'g size in

the rangemQ{:erAf](_)af cha%ogr Igz(gj.1 Aﬁi?@'irﬁcﬁ%r (ya% eF 8faﬁy P@etltﬂjc. claims 1 to 5,

wherein saird grit materi as a grit size'in the range of 45 to 325. 8. A
met hod for machining a conplex shape in a substrate conprising the steps of:

provi dingpa I i a,sh t] enl ar ged . PQLti0 j acent
t he shzftApB%€?6ﬁ2§§H@g eFédgéii%%%ﬁnggﬁgﬁgnT géj%béﬂﬁggﬁg %ﬁﬁgrgg head
portion, waterbml dregec heat pore i om thzeinaggeophedStioo s smal | er di nensi oned
tapered grinding portion by a fillet portion; each of said shaft portion and
said enlarged head portion having a plurality of flats to accombdate a

wr ench§ . aRdmathay eforomaghihinat &reaiplex tshapet apes eslisyt natiengoppr i s oy
insertingtﬁaidtshaft_portion of said tool into a grinding spindle; rotating
sai d tool TBE 3" ffi‘e speed in the range of 40,000 RPM to 90,000 RPM and
pl acing said rotating tool into contact with a substrate material. 9. A
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said tool and said substrate material. 10. A nmethod according to clajimS8,

wher ei n sBPETEBRI 2BI3RATN SR L e RBIEio8s Br 53PAFAY 8T iBBINGRPRELRtrified
or plateda@yRként the enlarged head portion, said enlarged head portion

being joined to said smaller dimensioned tapered grinding
portion by a fillet portion; each of said shaft portion and
said enlarged head portion having a plurality of flats to
accommodate a wrench; and a layer of grit material 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 ©90,000 RPM; and

placing said rotating tool into contact with a substrate

material.

9. A method according to claim 8, further comprising spraying a

lubricant onto said tool and said substrate material.

10.2A method according to claim 8, wherein said tool providing step
comprises providing a tool having vitrified or plated cubic

boron nitride on said grinding portion.

11.A method according to claim 8, further comprising moving said
rotating tool to form a plurality of airfoil shapes in said

substrate material.



boron nitride on said grinding portion. |Il.A nethod according to claimS§,
further conprising noving said rotating tool to forma plurality of airfoi
shapes in said substrate material. 6 2 0 JUN 2006 12. A nethod for formng a
component having a plurality of airfoil shapes conprising the steps of:
providing a vitrified or plated cubic boron nitride quill havihpJ8N ¢ggper ed
grinding portion with a layer of vitrified grit material thereon; placing an
end portion of the quill into a grinding spindle used on a nulti-axis

m | |1 ng2machienbodr fbatfompise d qunpodneait dsfingdeepipeedity dheainrdade of

40, 000 RPM t o 90, 000 RP. d acing_the rotating quill into contact with a
substrat ehslhr?ﬁ?ar?%]flp?eﬁlg!& gglef Egﬁ?? hgf'group consi sting of nickel alloys,
titanium alloys, and steels. 13. A nethod for machining a conplex shape in a

substrate conppirsiidinkhg SLEPSfOéd HF QVishdW Audi0bAs ! mivmded ruany one of
clains 2 to 7; inserting said shaft portion of said tool into a grinding

spi ndl e; P@VAPEng §aPareeofrHRding Pl s peidd it kaven $fgeidrifaed000 RPM t o
90, 000 RPM.ig&nd pLagLRgrgaldosotating tool into contact with a substrate
material. 77/

placing an end portion of the quill intoc a grinding

spindle used on a multi-axis milling machine;

rotating said quill at a spindle speed in the range of

40,000 RPM to 90,000 RPM; and

placing the rotating quill into contact with a substrate
material selected from the group consisting of nickel alloys,

titanium alloys, and steels.

13.A method for machining a complex shape in a substrate comprising

the steps of:

providing a tool as claimed in any one of claims 2 to 7;

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 90,000 RPM; and

placing said rotating tool into contact with a substrate

material.



