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| MPROVED | NTEGRAL BORI NG AND THREADI NG TOOL AND METHOD REFERENCE TO
QOPENDI NG AWBlok/@#502 ON This is a continuation-in-part of pri oPCEGSEHHAMY
application Serial No. 08/301,329, filed Septenber 6, 1994. TECHN CAL FI ELD
This invention relates to cutting tools used for boring and threadi ng, and
nore particularly, to an integral tool and nethod of using the tool to
produce hol es having various chanfers, counterbores, and threaded bores of
di fferent shapes, sizés and characteristics as desired and without having
to change tools. 5 TR eaded holes and bores are nost frequently produced

with nultiple toolfs, typically including a center or spot drill for
centering the subsequent tools and creating an initial chanfer, a drill for
_creating the core hole or bore, a.counterbore tool, and a 10 tap

for threading the hole. Special drills are known which consolidate the
first three 2 ' :

IMPROVED INTEGRAL BORING AND
THREADING TOOL AND METHOD

REFERENCE TO COPENDING APPLICATION

This is a continuation-in—part'of prior copending application Serial No. 08/301,329,

filed September 6, 1994.
TE m’ AL FIEL D

This invention relates to cutting tools used for boring and threading, and more
parﬁclﬂarly, to an integral tool and method of using the tool to produce holes having
various chamfers, counterbores, and threaded bores of different shapes, sizes and
characteristics as deslred and without having to change tools.

BACKGROUND
Threaded holes and bores are most frequently produced with multiple tools, typically
including a center or spot drill for centering the subsequent tools and creating an
. initial chamfer, a drill for creating the core hole or bore, a counterbore tool, and a
10 tap for threading the hole. Special drills are known which consolidate the first three
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tools to produce tWeTHxlsasﬁE’" HA&DBRERrbore, and hol e by incorporating _
mul tiple diameters|into REPLACERD of {fhe tool. However, the shape of such a
tool is CWQ9607502a e+ xpensi ve to nmanuf act UPCT/ESAN1044gr | nd.

"Since the diameters of the counterbore and chanfer are ground into the
tool, they cannot be varied in use. Likew se, the |length of the hole
created in the workpiece, as well as the'relative |engths of portions of

the bore, 'S:oﬂﬁp&ﬁmr c€"tht Néhahitérd tébuﬁierﬁ&e aRA "1 BY idrpinh E@ﬂ the

tool which are pref m ned. Pr eV| ously, tools have been provid
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si mul taneously raised to mII threads in the wall of the bore hol e. Once
t heSt hr eads ikewisey thedlengtheof thel hohgﬂw nethenweﬂmeccons weedlr asc theoreldtivem t he
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form ng el engsHisnd &f the: todlNWhieh Are pledeteemmed.f ace, the chanfer surface and
the counterbore surface) have a greater effective outer dianeter than the

~threadm || portlon In order to make a finishing pass to snooth or
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portions varying in shape, |engt di ameter, or thread pitch. Qher tools
are known whiools, heweves, s.tﬂl canant prodyeesi hele withcpartiens varying és length, idigmeters, t er

drilling or thread pitch from the physical tool section or sections from which it was produced.

Moreover, since the chamfer portion of the tool is located on the rear of the assembly

and requires a bore of full depth before the chamfer can be formed, the hole is

15 limited to a predetermined depth and the chamfer is limited to a predetermined
diameter. |

Moreover, when drilling ductile materials, often a continuous chip is formed that is
difficult to break. Such long chips can ball up, intertwine with other chips, and/or
20 wrap around the tool, which in tum can create a "bird’s nest” of which disposal is
difficult. Thus, a need exists for an improved unitary boring and threading tool that
can make holes 'of varying lengths, characteristics, and diameters that are distinct
from the dimensional limitations of the tool, and that reduce chip disposal problems.

25 | * SUMMARY OF THE INVENTION
It is an object of the present invention to obviate the above-described problems and
shortcomings of creating holes of varying length, diameter, shape, and threading with
a single tool.

30 It is also an object of the present invention to provnde a umtary tool which can
selecuvely provide a vanety of bores, counterbores and chamfers without a need for
tool changes. '
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t‘he hol e and chanfer, the threads can be mlled with the sanme tool. These
tools, however, still cannot produce a hole with portions varyi '

liength, di aYW%0750 { hread.pitch fromthe physical tool sec%ﬁgﬁlﬂ“o
sections fromwhich it was:ptioduced. Mreover, since the chanfer portion of
the tool is located on the rear of the assgnbly and requires a bore of full
depth before the chanfer can be forned, the hole is limted to a

predet er ni ned Igépniotherobjeet ofthafpresent inventionotb providepa aditaryr rotating wohaud er .

Mor eover, when drill.jng ductile terjal often a cqntinuopys, chip is
formed that | Smelhed te[can ciease aad. tseq foles Fving SoUNEERPTEAId GhAmicky QYT ne
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create a "bi rd‘p@enes 61'(r)? |{:ﬁ sposal hlagedﬁ Fliﬂ?lu}{t. ‘F%s a neﬁehd exi sts
for an inproved unitary boring and threading tool that can nmake hol es of
varyingg | engt hs, characteristics,,and dianeters that are dist.i.nct f.rrcl)rpo} he
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to obviate t escribed problenms and shortcom ngs of creating holes
of varying | eraykhlessliexpensive, tos imanufacture andr segdindg and t whigh sénablee combination

machining operations without repeated tool changes.

10 It is a further object_ of the present invention to obviate chip disposal problems
previously known in the industry.

It is still another object of the present invmfion to provide a unitary tool that enables
selective changing of the order and relative sizes of the bore’s characteristics.

15
It is also an object of the present invention to provide a simplified design for
combination boring tools used to produce internal or external threads of varying pitch.
It is still yet a further object of the present invention to provide a unitary rotating tool
20 and method that can create and thread holes having chamfers of varying angle.

In accordance with one aspect of the present invention, an improved boring and
threading tool is provided that has a shaft of predetermined axial length, and proximal
and distal ends, where the distal end includes a holemaking element. The holemaking
25 element preferably includes a chamfering surface adjacent the distal end, a
counterbore surface axially behind the chamfering surface, and a threadmill located
between the counterbore surface and the proximal end. The chamfering surface is
preferably convex in shape such that chamfers of varying angle may be formed. The
threadmill preferably includes one or more rows of teeth which are axially aligned.
30 "The counterbore surface will generally have an effective outside diameter which is
substantially greater than or equal to the effective outside diameter of the threadmill.



It is also an object of the present invention to provide a unitary tool

whi ch can sel ectively provide a variety of bores, counterbores, and
chanfers Wwobeersea need for tool changes. REPLACEMENT SHEETPCT/USE3/1364007502
PCT/ US95/ 11440 3 It is another object of the present invention to provide a
unitary rotating tool and nmethod that can,create and thread hol es having
count erbores and chanfers over a wi de range of dianeters, depths, and

shapes by si pql t&.‘lﬁ}?gi Qﬂlgﬁd?ﬁ i’fEcé' {. r..Qbj ect
of the presen ¥nven ron to pf%t\?%%q%{'siarr%uﬂlea Jes| gn&#%"?'_ g’gﬁ%hﬁgtl?%n o
bori ng t ool s(eigs®.00K jnches) tiart the effdetivermitside diamebertoftthe thresdmillar e easi er
and | ess expensi¥e to.manufacture and regrind, and which enabl e conbi nation

machi ni ng pperat ions without repeated tool changes. 10 _ It is a
T e 9 e Sl oA MR R iy RO o Skt gl (AT
i nvéntion t othreaged dbwres inna warkpiecso whereby thereldre at feaktetwa hale postivgisrtgwvirfz t he
order and r ehati vest 28R Sl dRsTHS SabhE e SliRhy Freadd bore may have o
chamfer and a counterbore of distinct depths, central axes, and diameters, as desired,
without a need for changing tools. The invention preferably can be implemented in
a numerically contrd_lled machine tool with three-axis control. A first bore portion
10 having a selectively determined diameter and ceniral axis' is produced in the
workpiece with the holemaking bit by axially feeding the bit into the workpiece and
moving the bit upon a selectively determined first tool path having 4 first radius
selected by the numérically controlled machine tool. If a noncircular bore is desired, |
the first tool path may be appropriately varied to produce such a bore.
15 |
A second bore portion can be created in the workpiece with a diameter and central
axis which is distinct from the diameter of the first bore portion. Similarly, the
second bore portion is produced with the holemaking bit by axially feeding the bit
 into the workpiece and moving the bit in a selectively determined second tool path
20 having a selectively adjusted second radius with the numerically controlled machine
tool.

This process can be repeated as many times as desired to produce a nearly infinite
combination of bores with varying bore profiles, effective inside diameters, depths
25 and alignments. Similarly, non-circular bores such as lobed counterbores or the like,
| ~ can also be formed by an appropriate tool path modification, with or without axial
feeding of the tool. Threads can be generated within a wall of any bore portion with
the threadmill by moving the tool in a selectively determined helical path along an

appropriate thread radius with the numerically controlled machine tool. Multiple °
30 lead-in threads can be generated utilizing a threadmill where every other tooth or
~ plurality of teeth have been removed such that a respective number of lead-in threads
will be formed. For example, if every other axial thread-cutting tooth is removed,



It is also an object of the present invention to provide a sinplified
design for 6@;&0 rzi on boring tools used to produce internal _or external
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i nvention to provide a unitary rotating tool 20 and net hod that can
create and thread hol es having chanfers of gvaryi ng.-angle. In accordance

wi th one aspect of the present invention, an inproved boring and threading
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di amet er of t Hemeraxial position on thethreagmilt 50 that threads of varying pitch can be formed.
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surface and a counterbore surface. The counterbore surface will preferably have an

10 effective outside diameter which is substantially less than the effective outside
diameter of the threadmill. This embodiment is generally utilized in the same manner
as described above except that a bore portion with threads is formed in one operation.
For example, a threaded bore portion will generally be formed by axially feeding the
threadmill into the workpiece. This operation mills both a bore and a series of rough

15 threads in the bore portion because the effective outside diameter of the threadmill is
greater than the effective outside diameter of the holemaking element, the chamfering
surface, and the counterboring surface. The threads are then finished by retracting
the tool from the threaded bore along the same path by which it entered. Threads of
varying pitch can be formed by this tool by merely changing the feed rate of the tool.

20
External threads may also be formed on a workpiece with a tool of the present
invention by feeding the tool along a helical rough thread cutting path with a given
thread major diameter about a central axis of the workpiece. The threads are
optionally finished by retracing the helical rough thread cutting path in reverse.

25 Similarly, threads of varying pitch can be formed by this tool by merely changing the
feed rate of the tool.

B F RA
30 ‘While the specification concludes with claims particularly pointing out and distinctly
‘claiming the present invention, it is believed the same will be better understood from



(e.g., 0.001 inches) than the effective outside dianeter of the threadmll|.
The i nproved boring and threading tool may be used to fabricate a threaded
or non- 5WO96/07502 t hy eaded bores in a workpi ece, whereby tHEFEUSIPAIMD | oast
two hole portions having distinct dianeters and depths. For exanple, the
resulting threaded bore may have a chanfeg and a counterbore of distinct
dept hs, central axes, and di aneters, as desired, without a need for

changi ng t ooine. foibw fiption pakefi én Zohjunction Withi ithes laecompangiingndrawings in
nunerically controlled mac ine tool with three-axis control. A first bore

portion 10 which: Having a selectively deternined dianeter and central
axis is producedfin the workpiece with the hol emaking bit by axially
feeding the bit into the workpiece and nmoving the bit upon a selectively

det ermi ned fFIG! 1A @0k cross-sectionalrsidecelévation viesdofan wprovddcbring anidethreading
nunerically controlled maghi ne togl. If a.noncircular bore is desired, the
fir8t tool ptoohmagde imaccos yith finYeREPNS oduce such a bore. 15 A
second bore portion can be created in the workpiece with a dianeter and
central axis which is distinct fromthe dianeter of the first bore portion.
Simlarly, tBIGsHBdiustiateseanpaiternativeiembodiment of aniimproved bosingrenldi theeading by
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- FIG. 1C shows yet another alternative embodiment of the 'improved boring and

threading tool of the present invention illustrating a convex holemaking element;

FIG. 1D depicts yet another alternative embodiment of the improved tool of the
15 present invention, illustrating a combination of a convexly curved chamfering surface

and a counterbore surface;

FIG. 1E discloses still another alternative embodiment of the improved tool of the
20 present invention illustrating a modified, holemaking element;

FIG. IF illustrates another -alternate' embodiment of the improved tool of the present
invention, wherein the chamfer surface is partially convexly curved in conformation;

25 FIG. 1G shows still a further alternative embodiment of the improved tool- of the
‘present invention wherein the counterbore surface has an effective outside diameter
which is less than the effective outside diameter of the threadmill and the threadmill
has two thread-cutting teeth disposed at the same axial location on the threadmill;

30 FIG 1H illustrates still yet a further alternative embodiment of the improved tool of
the present invention, wherein every other tooth i in the axial rows of teeth of the
threadmill have been removed for multiple lead threadmg



5onbi nati on of bores with varying bore profiles, effective inside

di anet ers, E@[ﬁ’ and alignnents. Simlarly, non-cCpéfHédaf11d¥a" €S
such as Iobgﬁpc ﬁ&grbores or the like, can also be forned by%an
appropriate tool path nodification, with or without axial feeding of the
tool. Threads can be generated within a walT of any bore portion with the

threadm || by noving the tool in a selectively determ ned helical path
al ong an appr oG8 SAcE ilustratesaiiseries ff; schematic, views jilustrajing yaripus peogessestensne
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such that a respective nunber of lead-in threads will be formed. For
exanple, if every other axial thread-cutting tooth is renopved, W |
96/ 07502 FIG. 2F similarly illustrates a schematic view of internal threagsheingsformed sings 4

t hreaded bore Vi I ' eads can be forned. |f every other two
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teeth~a ore having three lead-in threads can be
formed. In accordance with yet another aspect of the present invention, an

I nproved bori n% 5 . and threadi n& tool is provided wherein the
threadni || hasFig. PEepictia sehematie view Hiusgatingthe, simuitanegusfarming of ja chamdéer

nore than one 3 ts pﬁ‘;& .at the sane axi al
position on théﬂé)mnatgﬁqbﬁ@oé ?ﬁallgh reatggl %&%s%’ng pitch can be forned.

10 FIGS. 3A-J show schematic side elevation views of exemplary blind threaded bores
that may be produced by the tools and method of the present invention;

FIG. 4A is a top plan'view of a typical tool path created in an x-y plane when the

tool is forming a bore having a diameter equal to the diameter of the holemaking bit;

15 o . o

FIG. 4B is a top plan view illustrating a typical tool path in an x-y plane created

when the tool is forming a bore having a diameter that is larger than the diameter of
the holemaking bit;

20 ' FIG. 4C is a top plan view showing a typical tool path of the tool forming threads in
a bore; and

FIG. 4D is a top plan view showing an éxemplary non-circular tool path of the tool
forming a custom shaped bore.
DETAILED DESCRIPTION OF THE INVENTION
Referring now to the drawings in detail, wherein like numerals indicate the same
elements throughout the views, FIGS. 1A-H show a variety of schematic illustrations
of exemplary preferred embodiments of an improved boring and threading tool 10 of
30 " the present invention. The tool 10 has a shaft 15 which is of a predetermined axial
length with proximal (e.g., 20) and distal (e.g., 30) ends. Proximal end 20 has a
shank 40 for insertion in the clamping jaws or chuck of a boring device or other




Thi s enbodi nent al so has a hol emaki ng el enent and may include a chanferi ng

surface and a counterbore surface. The counterbore surface wll Sreferabl y
have an 10WO96/07502 of f ective outside di anmeter which is subs®&AUSEIIM0 o5
than the effective outside dianeter of the threadm|I|l. This enbodinent is

~generally utilized in the same nmanner as gescri bed above except that a bore
portion with threads is fornmed in one operation. For exanple, a threaded
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10 one or more teeth are preferred.

A holemaking element 70 preferably is arranged adjacent to and axially forward of
the threadmill 50 at the distal end 30 of tool 10. The holemaking element 70 has an
end cutting surface 80 which preferably is center cutting. All end cutting surfaces 80
15 preferably are provided with an adequate chip gullet (not shown) for chip disposal,
especially when milling or drilling bores of small radii. Holemaking element 70 also
preferably includes a chamfering surface 100 located adjacent to and axially behind
end cutting surface 80, and a counterboring surface 110 located adjacent to and
axially behind chamfering surface 100 for creating chamfers and counterbores as |
20 desired. | |

As will be understood, the substantially flat end cutting surface 80 of the tool of FIG.
1A, maximizes the useable thread depth of the hole. ~ The alternative embodiment
shown in FIG. 1B has a concave end cutting surface 80 for minimizing deflection of

25 the tool 10, particularly when milling in a substannally helical tool path having a
radius substantially corresponding with the outer d:ameter of the tool. FIGS. 1C-1F
illustrates another alternative embodiment of tool 10 which has a convex end cutting
surface 80 for providing improved chip control when cutting ductile materials. As
will be understood, the convex surface can comprise curved surfaces (e.g. FIGS. 1D,

30 F and H), distinct- angled surfaces (e g. FIGS. 1C, E and G), or any variety or
combination of surface conformations.. :



30 Wil e the specification concludes with clainms particularly
pointing out and distinctly claimng the present invention, it is believed
the same wiWO%87%3tter understood from WO 96/ 07502 PCT/USH5/11440
PCT/ US95/ 11440 6 the follow ng description taken in conjunction with the
acconpanyi ng drawi ngs jn which: FIG 1A sga cross-sectional side elevation
view of an inproved boring and threading 5° tool nade in accordance
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of an |nproved boring and threading tool of the present invention an
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hol emaki ng el e 1 1 e r er ve of
t he inproved b'gﬁ%e %%Sagnﬁ&ﬁpﬁnﬁ B?%qgr é‘;siﬁeén hg %/eahtclogvgag énwgd
iIlustrating achamfering hﬁffﬂwKOngoﬂﬂmﬁﬂg xﬁde@oliﬂandoplvehswahgmommrfers
alternative enbodi ment of the inprqved_tool of the 15 resent .

i nveri on, i |Rartisularly,gsugh emﬁa%@%eﬁmebfcm@m/a &ﬂ*\'}%ﬂ cham i ygface
surface and a ﬁﬁUﬁ't&ﬁbﬁr&l&UEf@ﬂé variety of chamfer conformations and sizes, limited

essentially only by the path control capabilities of the machine. However, the axial
infeed per helical revolution in the embodiment of FIG. 1D is limited by the profile
tolerance of the chamfered surface as the surface generated will be somewhat
10 scalloped. FIG. 1E depicts an alternative embodiment of tool 10 héving an end
cutting surface 80 which effectively incorporates an integral chamfering surface (e.g.,
100) for providing the largest infeed rate possible; however, this end cutting surface
80 may not be adequate due to specifications for maximum hole depth, useable -
threads, or chip formation problems.
15
- Thus, the advantage of tools 10, as shown in FIGS. 1D and 1F, is that the resulting
shape of the chamfer is not preset. For example, single or multiple chamfers .may
be created having a single angle, multiple angle, or curved angle. Also, the chamfer
. may be formed in distinct conformations such as substantially circular, oval or
20 trilobed. When tool 10 will be used only to generate a single chamfer angle, then
regrinding that particular angle onto chamfering land 100 allows maximum axial
infeed per revolution along the tool path during the chamfer forming process. Where
a tool is contemplated for dedicated use for a particular application, formation of bit
70 with a predetermined chamfering land angle (e.g. as illustrated in FIGS. 1A-C,
25 E and G) may be preferred.

FIGS. 1A-H show the improved cutting tool 10 of the present invention generally

having counterboring surface 110 located adjacent to and axially behind chamfering

_ surface 100. As will be appreciated, the axial length (e.g. 1) of the counterboring

30 surface 110 effectively limits the axial infeed per helical revolution when producing
a counterbore or hole with the tool. Since increasing the axial length of the
counterboring surface 100 would correspondingly increase the effective maximum



FI G 1E discloses still another alternative enbodi mrent of the inproved tool
of the 20 ‘present invention illustrating a nodified, hol emaking

el enent; PVGI64TS02| | ustrat es anot her alternate enbodi nent ofPCTRISIHgdbved
tool of the present invention, wherein the chanfer surface is partially
convexly curved in conformation; 25 1 FIG 1G shows still a further
alternative enbodi nent of the inproved tool of the present invention

wherein the griellofiimfeéd ibalkd Arfead@sthe axiaf fefigth! iderdlf o b iS
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been renoved for multiple {ead threading; WD 96/07502
PCTPUSO5/ 1148Tsater thandhe meximum yseable thread depth desired for Aayhparticular bore to be

 thr eaded pisfely Fhe el 30HRerefibly FludpE LR B mor leefh 64 oL RligtRcor na
threads bei nin towsredAsidestoséen in FIG. 1Ghani airrativé émBodiMkntisCoontémplated
wherein every other tooth 60 along each axial row is removed such that multiple lead-
in or start threads can be formed. Preferably, the diameter D of shank 40 (e.g. as
10 illustrated in FIG. 1C) will be equal to or less than the diameter of the threadmill 50
in order to minimize the overall material cost of the tool and to maximize adaptability
of the tool in use. However, in cases where the counterbore depth is considerable,
and the ratio of length to diameter of the tool 10 is undesirable (for purposes of
strength and rigidity), the shank 40 diameter D may be enlarged as appropriate.
15 Preferably, tool 10 has a counterbore outside diameter d, which is substantially
greater than or approximately equal to the threadmill outside diameter d,, as seen best
in FIGS. 1A through 1F. - |

Tool 10 as illustrated in FIG. 1G, comprises a threadmill 50 and a counterboring

20 surface 100 having an effective outside dlameter d, which is less than the effective
' outside diameter d, of the threadmill portion. Preferably, this embodiment also
includes at least one thread cutting tooth 60, and is illustrated as having two thread

forming teeth located at the same axial position on the tool. If the threadmill has

more than one tooth, all the teeth must be located at the same axial position on the

25 threadmill so that threads of varying pitch can be. formed. An alternative
embodiment, which is not illustrated in the drawings, may have a threadmill having

at least two thread cutting teeth wherein one tooth is adjacent the counterboring

surface and the second tooth is axially behind the first tooth. If the profile of the first

tooth is slightly undersize (e.g., 0.05 inches) then the pitch may be varied by one half

30 the amount of the undersize (e.g., a 0.05 inch undersize would permit a 0.025
variation in thread pitch). The threadmill is then axially infed in a helical pattern into

the workpiece to form the threads along the desired portion of the bore wall. Use of



FIG 2G depicts a schematic viewillustrating the simultaneous formng of a
chanfer and counterbore using the i nproved tool of FIG 1F;, 10

RIGS. 3A-J WR%ASenatic side el evation views of exenplary bP¢HESHHIEded
bores that may be produced by the tools and nethod of the present
invention; FIG 4Ais a top-ptan view of agyypical tool path created in an
x-y plane when the tool is formng a bore having a dianeter equal to the

di ameter of thghid\ethbeditheROroP thireadifg £bére i$ hors timecofistipting; howdvet, | the!Ficluded g
a typical tool path in an x-y plane created when the tool is form ng a bore

havi ng a di aneﬂ’éﬁdt pagle | gaaﬁgéemrqm?énﬁﬂ@nm s@fthatrenentaob raay gepasate

t28()| form ng '[Gﬂ'iséfésﬁpne%‘lot%‘r%’ &&éﬁ@ﬁ%’lﬂg asg%('glt |ca%|0€4 5@%@ Ofthéﬁlgn

exenpl ary non- glkdrfiative’ enitsodimeet! simpily B)hﬁarymglthé axxaiim@eeﬂmestom shaped bore.
25 DETAI LE D DESCRI PTION OF THE | NVENTI ON Referring now to the drawi ngs in
detai B, wherein like nunerals i nd| cate the same el ements throughout the

views, FIGS 1 | %l
preferred enbo@khbl?é}pmo lgﬁffltﬁé ove gl‘l ng 'gadb% hr eag’lt ng toﬁ{ty% g?b%%
t he present i n{isntthroogh bores) bhxhd hﬂleé]zetc 3 EIGS. 2A1E illistrate the steps aised to create

predet erm ned Eaixi( ie:?e':mplary blind bore or hole having a chamfer, counterbore, and threaded bore
in a workpiece with a tool 10 such as illustrated and described above with respect to
10 FIG. 1A. Although a suitable means for controlling the operation of the tool 10 may
‘be selected by one skilled in the art, preferably, a three-axis numerically contrblled
machine (not shown) _is used. @A numerically controlled machine can be
preprogrammed to have several predetermined tool paths and manipulation programs
stored in the controller, or manual controls could be used to input quality control data
15 before or during a machining operation. Any suitable control arrangement may be
used as determined by one skilled in the art, including manual operation of a hand
held boring device. In addition, tool 10 may be used with quick change machine
tools selected by those shlled in the art. Use with such quick change machine tools
would enable multi-task boring operations as part of a larger machining operation.
20 Substantial cost savings would result due to the multi-task functions of tool 10,
because fewer tool changes would be required during operation.

. As shown in FIG. 2A, for example, a first bore portion or chamfer 120 is created by

- chamfering land 100 by rotating tool 10 about is longitudinal axis L and axially

25 infeeding the tool into the workpiece along a path hhving a radius r;, around chamfer

center line C. The depth and diameter of the chamfer 120 optimally can be

selectively controlled by the control means. As shown in FIG. 2B, a counterbore 130

can be produced by axially infeeding counterboring land 110 on a path having a

radius r, that us distinct from the radius r, used to create the chamfer 120. The depth

30 of the counterbore 130 is again selectively determined and controlled preferably by
‘the numerically controlled machine.



| ength with proximal (e.g., 20) and distal (e.g., 30) ends. Proximl end 20
has a shank 40 for insertion in the clanping jaws or chuck of a boring

devi ce or JYR&4O7502 WO 96/ 07502 . PCT/US95/11440

PCT/ US95/ 11440 8 machine tool. Adjacent and axially forward of the shank
40 and rearwardly of distal end 30, is a ybreadm || portion 50 which may
preferably conprise one or nore thread formng teeth 60 aligned in axial

rows. As will Ab@loseemnwnhummmymr&mdioﬂmulﬁfb&é@m c%ﬁn?aén&

however, the tool of the present invention may al so be provi ded
with only a salsgibe fagmed wilizing dolplQ bvomnutngotheomol/mw ngmnmbadopl lpalhes

ol S0 <plepehdiclill BORE uhdlY Sl NBabfu S RS ok Debf By iy Soiped °
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¢ t't . end t f 8
center cutling i boss may Mso begenirata by too?lOasshowanIG 3.

10 As shown in FIG. 2C, a bore 140 also can be produced with the same tool 10 by
axially infeeding tool 10 to a desired depth on a tool path having a radius r, that is
distinct from the respective radii (e.g., r, and r,) of the tool paths used to create the
chamfer 120 and counierbore 130. Obviously, if radius r; was the same as radius r,,
the counterbore 130 and the bore 140 would have the same diameter. As illustrated

15 in FIG. 2D, at least a portion of bore 140 may also be threaded (threaded bore 150)
with the same tool 10 by retracting tool 10 from the bore 140 a distance
approximately equal to one and a half times thedwred thread pitch. The desired
helical path and radius (z,) of the tool path.are selected to produce the desired threads
(e.g., longitudinal length, pitch, depth, etc.), and the threadmill 50 is then infed into

20 bore 140 on a helical path for at least one, and preferably approximately one and one-
half revolutions of the tool 10 about its axis¢. FIG. 2E shows a completed threaded
bore that can be created by unitary tool 10 in the manner described. If more than one
start (or start-in) thread is desired, tool 10 may indexed about the central axis of the
bore portion such that the start threads are equally spaced about the inside diameter

25 : of the bore portion. For example, if two start threads are desired, tool 10 would be
indexed 180 degrees about the central axis of the bore portion and the helical thread
producing step as described above would be repeated once thus producing two start
threads. Alternatively, the embodiment of tool 10 illustrated in FIG. 1G may be
substituted so that at least two start threads (not shown) may be formed in a single

30  thread milling operation as described herein without having to index tool 10 for each
additional start thread desired. As will be understood by those in the industry, tool
10 can be used to form multiple start-in threads in this way regardless of whether it



15 preferably are provided with an adequate chip gullet (not shown)
for chip disposal, especially when-milling or drilling bores of snall

raadi i . Hol eWEI968T502| ement 70 al so preferably includes a chanPERUSE/HA#G ace
100 | ocated adjacent to and axially behind end cutting surface 80, and a
counterboring surface 110 | ocated adjacentyg o and axially behind chanfering
surface 100 for creating chanfers and counterbores as 20 desi red.
As will be undgg atsingth thidad fotthing acdith 20r a/plutatity ofslichdéeth.nl shoultdatss bethowdd t he

tool of FIG 1A, maxim zes the useable thread depth of the hole. The
al ternative erfhadhegmet 9?9%/1‘#@?%53?@1’?15%“53@é&%ﬂ“ﬁ‘ﬁbﬁtcﬁqfim%%e

80 for minim zj pafdeflact] rerbore! hakfrer D56 Li n o
mlling in a édlfg%tan #rg'n?ytﬂﬂte’ﬁec%?’%uo path éwg ara |ué&g%g%grﬁ? al ly

cor r espondi ng agidebirédie outer diameter of the tool. FIGS. 1C-1F illustrates
anot her alternative enbodi mrent of tool 10 which has a convex end cutting
surfate 80 for provi ding i nproved chip control when cutting ductile

T2 o5 Al bl MRS, 2 € NGl aihetel GO auiee
(e.g. FIGS 1Gn HGNIG,Ghay also bewsedtoi form thweadsowithina bore. Bore 140 and finished
O el ! 97 threads 130 ste Jorned by helically infeeding tool 10 to a desired depth on a tool path
having a radius r; that is distinct from the respective radii (e.g., r, and r,) of the tool

10 paths used to create chamfer 120 and counterbore 130. Obviously, because the

" largest effective outside diameter (e.g., d,) of counterbore surface 110 is less than the

largest effective outside diameter (e.g., d,) of threadmill 50, the depth of counterbore

130 is limited by the height h of counterbore surface 110. The operation of helically

infeeding tool 10 of FIG. 1G simultaneously mills both the bore and a rough thread

15 of finished threads 150, as the tooth 60 is larger in diameter than holemaking element

70. Retracting tool 10 along the same path by which it was infed will allow tooth 60

to effective provide a "finish pass” to produce finished threads 150.

A chamfer 120 and counterbore 130 may be formed independently or simultaneously
20 before or after the milling of bore 140. FIG. 2G depicts the simultaneous formation
of chamfer 120 and counterbore 130 utilizing tool 10. Chamfer 120 and counterbore
130 may also be circular or non-circular in shape, limited only by the tool path
undertaken to from these bores. This embodiment of tool 10 and combination thread
" mill and bore milling method also may be used to form threads externally on a
25 workpiece such as a stud or boss (not shown in FIGS.) by helically moving tool 10
about the central axis of the workpiece 50 2 o produce a thread of the desired pitch
and thread major diameter. Altemaﬁ\}ely, the embodiments of tool 10, as illustrated -
in FIGS. 1A though 1H, also may be used to form external threads on a workpiece
if the helical infeed rate of tool 10 is synchronized with the thread pitch such that tool -
30 10 is axially infed approximately 1.5 times the length of the desired thread pitch.



9 FIGS. 1A-H al so show a chanfering surface 100 on tool 10 preferably

| ocated adjacent to and axially rearward of the end cutting surface 80.
FIGS. 1D mw0l96a75¢2 | ustrate alternative enbodi nents of tool RCI/USASUR44Gave a
convexly curved chanfering surface 100 for allow ng interpolation of
various angled chanfers. 5 ' Partigglarly, such a configuration
effectively provides a radiused chanfering surface which can provide a w de

variety of CPRdeRampRRf6F FIGS OBA-INdres imeded! oyt & eREHERS iGH the Oftuanpy the
path control capabilities of the machine. However, the axial infeed péer .
hel i cal revounlimited &ariations<ofbordens and combination of are rfeaturesbwhichecar bei | e

t ol erance of, t hefchagfered,surfa S sur eperated.wi || be
somewhat 10 ‘mplemen gﬁepﬁ?fé'd. ftﬁ?s(é s%fgfdgg%pcgkpé% aﬁp{l]'lg %53( ia_gmﬁ?o@i hent of
tool 10 haviprgseh ifvestios tdol Tigs fi!its ftusith ofd BoleMhkiag lelenseny 701A Frdn@'ofligS an
integral chanfering surface ( 100) for providing the | argest infeed

rat® possi bl readmild sancturenyd; agﬁgﬂiiﬁlqcﬁ of the shamfening syrface: 100adiacenithiee due

to specificat,i f thr S e ChI
formation pr%ﬁﬁgﬁ&.ﬁ%ﬂﬁﬁm%@%ﬂ g%}oe 0 ﬂ?%%’ﬁfﬁ@a%‘"@%ﬁﬁ"?ﬁ"ﬁ%.
1D and 1F, i withd\itttoblchanges)! dndnchanifers cof ofiffefing sizésTamd shapes Rian (Weeprovidefor
example, single or multiple chanfers may be created having a single angle,

mul ti pl e angWithous; having de borg| . the Bl depth of, ther &0l 1iQy aeress @ parveptional
distinct coniotiahiyPRoumkd hatfeind Srddhie? Inva peférta?émbdtifibnt the forward-
10 located combination end cutting surface 80, chamfering surface 100, and
counterboring surface 100 (e.g., see FIGS. 1A-1H) provides substantially unbounded

adaptability and applicability to the tool and method of the present invention.

FIGS. 3A-J show an exemplary variety of blind holes that may be created with a
15 unitary tool 10 simply by using the method of this invention. Each bore does not
have to have all three features, i.e., a chamfer, counterbore, and threaded bore, and
the order of the location of such features can be varied without requiring tool
changes. Likewise, each feature may occur several times in the same bore. Many
combinations can thereby be produced depending on the application for which the
20 bore is needed. - As can be appreciated, the undercut u end of the bore does not
appear symmetrical. This is due to the threading process of the preferred
embodiment where the threadmill is rotated on a 'helidal_pam for about 1.5

revolutions.

25 FIG. 3A discloses a threaded bore 140 having a chamfer 120a, a counterbore 130,
a starting chamfer 120b, and a bore 140 with threading. This particular combination

is substantially as described above with respect to FIGS. 2A-2E. FIG. 3B depicts a

counterbore 130, followed by a starting chamfer 120B, and a threaded bore 140.

FIG. 3C illustrates a threaded bore 140 having a chamfer 120a, a counterbore 130,

30 and a starting chaimfer 120b, wherein the effective outer diameter b of the threaded

_ bore 140 is significantly less than the outer diameter B of the other portions (e.g.,

counterbore 130) of the bore. FIG. 3D shows a large diameter threaded bore 140



2’:0 trilobed. Wen tool 10 will be used only to generate a single
chanfer angle, then regrinding that particular angle onto chanfering |and
100 al | ows WRP6E0AS2Axi al i nfeed per revol ution al ong the tool PEHUSYIANG
the chanfer form ng process. Wiere a tool is contenplated for dedicated use
for a particular application, formation of 4@t 70 with a predeterm ned
chanfering land angle (e.g. as illustrated in FIGS. 1A-C 25 E and

G may be pref gavifg.-a Chinvfer 1120, thamerobfe i180) and dabtlg chimfep0l2080 PG BE
ounterboring surface 110 | ocated

present invention generally having cou

adj acent to andisgloses Mm&&hflmmg chamfescl20a,0counterbase| 130pend starting
appreci ated, thg axi l engt s h qunt.erborin 0

sﬁff ace 110 ef F@%Pf%@?ﬂ}bﬂ%’%é‘(‘ﬁ%g’“ﬁ%ﬁ%ﬁﬁg@ counterhore {,sar?laﬁg?)&l?ﬂg%rtp%en

produci ng a cogijsershows ifirthe Previvks ed. OBIG. 3G gRows ! fomthresdedsora X149/
| ength of the counterboring surface 100 woul d correspondi ngI%/ i ncrease the
ef fecti ve maxi haying chamfers120a; counterbore 130, and starting chamfer 120b, wherein the

PCT/ US95/ 11440 d'i]a&;n M&F’ Is | @Lﬁﬁe!% t‘.? ' e
t he undercut or reﬁ&f}?g{g{eg. %ng lgu S %\gnﬂ&#g&@? ) Pgirﬂﬁvasdé’r%'t %g tg;t
bottom of the beciuséad thieadwavrerk desired dnithis Gord)rtherdiis aonindercilt poRionas thire!
be explained. Preferably, {he axi %I A ength M (as
was in the example of FIG. 2E described above. FIG. 3H shows a threaded bore 140
having first chamfer 120a, second chamfer 120c, counterbore 130, and starting or

10 third chamfer 120b.

FIG. 3] shows a counterbore 130 having a selectively determined bore center line or
central axis C that is distinct and offset slightly from the alternate center line or
central axis P of the threaded portion 140 of the bore. This example, illustrates

15 another advantage of the subject unitary combination tool 10, wherein the radial tool
path for forming the bore portions, especially for the counterbore 130, may be off-set
to create custom, non-circular shaped bores as desired (i.e., oval or trilobed) which
may not be coaxial with one another. For example, in some applications, such as
aircraft parts, it is critical to provide for custom shapes of bores and holes for stress

20 control or part alignment. - The substantially free form on-the-fly control which can
be implemented with the present unitary tool 10 allows for eccentricities and off-sets
to be formed in virtually any of the bore features described herein. FIG. 3J
illustrates such an off-set or eccentric counterbore 130;.

25 It will be understood that the tool paths required to form particular bore features will
differ depending on the bore portion being created. For example, FIG. 4A shows the
plan view of a tool path 160 created by tool 10 when forming a hole that has a
diameter that is greater than the diameter of the tool 10. Essentially, tool 10 is
merely rotated about its central axis L and infed helically into the workpiecé. FIG.

30 4B illustrates the top plan view of the conical tool path 160 created by tool 10 when
it forms a hole having a radius (e.g., r,) that is larger than the radius of the tool 10.
For example, a tool having a convexly curved chamfering surface which is infed



illustrated in FIGS 1A and B, for exanple) of the threadm Il 50 nust be
equal to or 5 greater than the nmaxi num useabl e thread

desired fwoesMysqarticul ar bore to be formed. The threadni I?C%@sgﬁ}rié‘f“grabl y
i ncludes one or nore teeth 60 axially aligned in rows. As best seen in FIG
1G an alternative enbodi ment is contenpjgted wherein every other tooth 60
al ong each aX| al rowis renoved such that nultiple lead- in or start

t hreads can él gﬁ% eﬁl@ﬁ@awmmmmm&@bnﬁdchdﬁawmm@a 10

illustrated In be equal to or less than the diameter of the

t hreadmi | | Schamfeniftbe rats qﬁ axialiinfeed 10f toplcHhis continually,varied-during thecaxialg|
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e count or CEFeLa, ARintibibe X kot et B g RHRL, 1t heiriRSor AL

of the tool &.%ww@ssaté@bbm{gémftwmommfw ﬁsagtahcmmrsuﬂawma the

shank 40 di aneter be . enI arged as appropriate, 15 Preferabhly,
toof 10 has @pnsmtmw@ér angle mdll senmerﬂ%wlm@ﬁnzes%@ﬁ theraxaal| v

ALere], as cuied AR 8 WErae dr QRE: of Sohle WIHATHE pialhiin \AICUSRERER |

1G conpri segecand hlistmdﬂbdadstﬂﬂ chaifer zmglmﬁ_djadmt ithegfifsd chamfer ang,iejr fEius, 200
erfecti v 35%&‘? t9dnntie earaminaas O chamisBEieh AUAFPPS gt Bt For ?ppiqﬁéqzqmey,
{1} 3 eTod 56 ngld Bl FRAOHICSERS, 4C ¥ At At il o AL 601 pl, <
pogption on 116030f ool 10 Ivhenlthe tduidﬂdﬁd»ﬂnuhgﬁueaﬂsantthmholendammehhe todl 110he
teeth mist b‘?vﬂl gg%&?eda;boathﬁs isongltu(ﬁézlllaalnspfs tt‘édoxrr}mo workpiece, and moved in

a radial direction progressively outwardly to form threads, the increasing diameter

spiral tool path results. FIG 4D shows a tool path which is not circular, in that it has

one or more flats, such as to provide a tri-lobed bore. Such a tool path may be

15 implemented with or without axial infeeding.

The tool 20 may be constructed from many suitable materials depending on the type
of application that the tool 10 will perform. Generally, the most preferred materials
include carbide and high speed steel. In addition, the performance of a tool made

20 according to this invention can be augmented with various external coatings such as
titanium carbide, titanium nitride, titanium carbonitride, titanium aluminum nitride,
diamond, or cubic boron nitride, depending upon the application. . In addition,
overheating of the tool 20 can be obviated by passing coolant through coolant
6pé:’ings in the fool (not shown) as is known in the industry. Similarly, chip removal

25 can also be facilitated by appropriate fluing and/or application of cutting/cooling fluid
to the bore during forming operations, as is common in the art.

Having shown and described the preferred embodiments of the present invention,
further adaptations of the boring tool and method shown and described herein can be
30 accomplished by appropriate modifications by one of ordinary skill in the art without
departing from the scope of the present invention. Several of these potential
modifications have been mentioned, and others will be apparent to those skilled in the



.25 threadm || so that threads of varying pitch can be forned An
al ternative enbodi nent, which is not illustrated in the drawin na have
a threadni | WOSSATHE at | east two thread cutting teeth whereirF

adj acent the counterboring surface and the second tooth is aX|aIIy behlnd
the first tooth. If the profile of the firgfp tooth is slightly undersize
(e.g., 0.05 inches) then the pitch may be varied by one half 30 t he

amount of the amdexcdoidin l , thie. scopé of thei mknuh%nﬁoﬂmomlbécbﬁsid&rédfm&rﬁﬁ5
variation in thread itch). The threadm | s then aX|aI%éh|nfed in a
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consum ng; however, the included thread angle (e.g.,,60 degrees) renains
the same so .that one tool may generate distinct pitches. Thus, different
pitches in the sanme tool can be formed wth this alternative enbodi nent
simply by varying the axial infeed rate. 5 Al though tool 10 .of the present
invention may be used to create all types of bores (i.e. through bores,
blind holes, etc.), FIGS. 2A-F illustrate the steps used to create



an exenpl ary blind bGHIS!BiHEE\bHASMENn; mmmu |mwm&u or e, and t hr eaded
bore in a workpi ecg; wi t hREPLAGED1O sugh descrl bed above

Wi th resp¥Q96Fsn Fre—TA—A though 5 shithbl%e meaffst

controlling the operation of the tool 10 may be sel ected by one skllled in
the art, preferably,. a three-axis nunerigglly controlled machine (not
shown) is used. A nunerically controlled machi ne can be preprogrammed to
have several wg ed@in:m ned tool paths and nmani pul ation. prograns stored in
the controller, or manual controls could be used to_input quality control

data 15 1. péArsntegsel elAting taomqﬁﬂefﬁngépamnmanmpreaﬁlmeb| e

ne
o e hanoc e bl a1 ShefindlA Y SO &1 Breffratihed B o8 |,
10 may be used wi ahd hiavirig prosdgval amdidiseal EthSashhaktledaM ddjacentskaidl ed i n

the art. Use with such quick chan?e machi ne tools woul d enable nulti-task
bori ng operati onsP@é"ﬁS@f ends a hale founinggigment Joeatsd adiasent said distal

Subgt anti al cost r i ops of -

Coof 10, because Pl hahfilg atice Shifcp dald Bls soihiFieleliigin, 287 ' o

shown in FI G 2A chunteehonimg surfacélloeatekjcamalbpbehm said cihamfering20 i s

created by chanferi | and 10 by rotating t.ool about is_ |ongitudinal
igc thregroil pyt

axis L and axi al | §urzace, andat 'FBB?e Retwesn kpi ece along a
path having a rad%bﬁn? E‘i’ﬁ%g sFaks n?f?élﬁ"ie prnter line C. The depth and

di anmeter of the c opt 1 nmal can sel ectively controlled by the
control neans. As shown in FI G 2B, a counterbore 130 can be produced by

axially inf efd' nchg gcgtt)FoP cfallr%g1 l\?vrr]\%rél‘lrlmosa?d tﬁ‘re%% il pomoﬁ comprises at

least one thread-cutting tooth.

3. The tool of claim 2, wherein said counterboring surface and said
threadmill each have predetermined effective outer diameters, said
counterboring surface having an effective outer diameter that is
less than the effective outer diameter of said threadmill.

4, The tool of claim 3, wherein said threadmill portion comprises a
plurality of axially spaced thread cutting teeth.

5. The too! of claim 1, wherein said threadmill portion comprises
counterboring surface and said threadmill each have predetermined
effective outer diameters, and said counterboring surface having an
effective ouier diameter that is greater tha_n or appreximately equal

5 to said efféctive outer diameter of said threadmill.

6. The tool of claim 5, wherein said threadmill comprises a plurality of
thread-cutting teeth spaced axially apart for forming muitiple start-
in threads.

This Sheet Has Been Reﬂlaced




chanfer 120. The defit h 30REPLACED of tlhe counterbore 130 is again

sel ecti vel yW6dT82ned and contr or 1 referably by the nunmerR@P§95/11440
control | ed machi ne. WO 96/ 07502 o
PCT/ US95/ 11440 12 As those skilled in the t will readily appreciate,
noncircul ar bores and chanfers may al so be tarnmed utilizing tool 10 by
noving the tooly, in Fheqoel bf elaim 1 oWhepéihlsdid chanrffefing Furfdeel RftHer0! ' S

axis. Noncircular bores of varying depth may be forned by sel ectively

i ndexi ng the tool aiiciudes amonvexsurtacesfosselegtiveleferming,chamers of

- process could be u_Ssgla}i'q faﬂ g obl ong bores, obround bores, tri-Iobed bores,
or keyed bores. An eX rrp? 9 nonci rcul ar tool path which mght be utilized
to create a tri- |obed bore or counterbore is illustrated in FIG 4D. In
addi tion, at |east gne non- coaxial bore may al so be generated by tool 10
as shown in FI'& 33Thegool of claimaZ, where said ¢onyexochamfering surfacel so can be
produced with the s ' i nfeeding tool 10 to a desired
depth on a tool patﬁgﬁ’zg’&@% ai&a Pﬂ%ﬂrﬁéee?"r] that is distinct fromthe
respective radii (e.g., r[err] and r[err]) of the tool paths used to create

the chanfer 120 and counterbore 130. Obvi ousl \t/) if radius r3 was the sane
as radius r[er®y, A method for forming a threaded bore in a workpiece comprising

radius r2 that us di sTﬁ“ﬁcﬁHEfEerMSBEENjEi us r[err] used to create the

the steps of:

| providing a unitary rotating,'combinatibn bore forming and
5 - threading tool having a shaft with a predetermined axial Iéngth, a
proximal end, a distal end, and a shank said proximal end, said |
distal end having a hole making element, a chamfering surface
adjacent said hole making element, a counterboring surface
located axially behind said chamfering surface, and a threadmill
10 ~ disposed between said counterboring surface and said shank;

controlling the bore forming movements of said rotating tool on
three mutually perpendicular axes of a triordinate system; and

{5 producing a plurality of bore portions in a wofkpiece with said tool,
wherein each said bore portion has a selectively determined central
axis, selectively determined bore depth and selectively determined
distinct bore radius, and each bore portion is being formed by
rotating said tool about its axial length and axially feeding said tool

- 20 into the workpiece and mOVing said tool upon a selectively |
determined bore tool path for said bore depth.

10. The method of claim 9, further comprising the following steps for
. generating threads in at’lea_st one bore portion with said tool:
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t he count erbore 13 A4 Are%éE joul d have the sane di aneter.
illustrated 15 %—E% % t{l | east a portion of bore 140 may al so
be threadwmsﬂzaied_bam_"lgﬁ_tm_m he sane tool 10 by rd%ﬁ%ﬂb“%ool 10

fromthe bore 140 a distance approxinmately equal to one and a half timnes
the desired thread pitch. The desired heppcal path and radius (r4) of the
tool path are selected to produce the deS| red threads (e.g., |ongitudinal
I ength, pitch, degj ﬁ\?c?lmlt% téhawhafaﬁ@abhlof%w%dmwt urféde 20
bore 140 on a heIP‘y\Pd Tor th | east one, and preferably agg?som mat el y
one and one- hal fahwmthmdmﬂ heve a pradeterminedieffectiveputesdipmeters, 2

h | etefl t ded bo h

he. mannor deccr 1 BN Saumigparite sithed Favitfa SHBTARRe Hlltdr kil vt 1"
desired, tool 10 ppyybstdatany gheater then ofapproximatelyodqudl dopeceftectiven
such that the start threads are equally spaced about the inside dianeter 25

of Bhe bore porti onterrdipmetenpf said fh@mtzﬁﬂdﬁtf’éa&a@@ hassamidralityol 10
woul d be i ndexed entral axis of the bore portion and
the helical thr eaégg?%@'g@?ﬁﬁda?ep asrb?\elgcrl bed above woul d be repeated once
thus producing two start threads. Alternatively, the enbodi nrent of tool 10

illustrated in FIG 1G may be substltuteﬂ SO tg Ieast A st?rt
t hr eads (not shommtfﬂﬁ}"wéaﬂom%d"\m axigfly, aut (ﬁa' boré POrHieR 3ilengthy
~ operation as desc ach
addi tional start %h?%éé%ug ?%gp vm#?wagﬁu Frgtgggﬁé%g"%gsﬁe\@arﬁpt he
i nggstry, tool 1Op@teh; be used to formnultiple start-in threads in this way
regardl ess of whether.it

axially infeeding said threadmill on a helical tool path having a
‘selectively determined thread radius about said central axis; and
. I
15 moving said tool along said path for at least one revolution along
said selectively determined thread radius.

11. The method of claim 9, further compriSing the step of producing a
second bore portion in said workpiece with said tool, wherein said
selectively determined central axis of at least two bore portions are

not coaxial.

12. The method of claim 9 wherein one of said bore portions formed
comprises a chamfer adjacent at least one other bore portion, said
chamfer being formed by moving said tool on a chamfer tqol path
approximately perpendicular to said tool’s axial length.

13. The method of claim 9; whe_réin at least one of said bore portions
comprises a counterbore formed by said counterbore surface by
moving said tool on a selectwely determined counterbore tool path
perpendicular to said counterbore surface.
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WO 96/ 07502 THIS SHEET HAS BEEN || PCT/ US95/ 11440
13 has a single thrgad foREPh@CEBoth r a pl urallty of such teeth. It
shoul d al swessnrstzed—Trat the exact order of the process st SSSEHA1HIO
altered sonmewhat. For exanple, the order of forning.the bore 140,
counterbore 130, and chanfer 120 can be :qurranged as desired. 5 As best
illustrated in FIGS. 2F-G a preferred enbodi nent of tool 10, as

illustrated | FI s‘,?ﬂe a bore.
Bore 140 and i4n| Sﬁeégpﬁr eads# ?%(Saare r%&i%@%@ﬁﬁﬁ?ﬁ?ﬁ?ﬂe‘e&dl ng tool 10
to a desired dept hnoncirctlael path having a radius r3 that is distinct from
the respective raglii (e.g., r[err] and r[err]) of the tool 10 pat hs
used to create chanfer 120 and counterbore 130. Cbviously, because the

| argest effecgyigve SrPoré hsigr f ace
110 is less thg’n tﬁgbﬁgrgﬁ‘edsat agﬁ ectf%ewgtﬁrgiﬁggegéi?cﬂger (eQ%a?ﬁ%[ el?r]) of
threadm || 50, thendaptrbuiaf counterbore 130 is linmted by the height h of
counterbore surface 110. The operation of helically infeeding tool 10 of
FIG 1G sinultaneously nmills both the bore and a rough thread 15 of
finished threqgs 15Qg rﬁétﬁ&?o?%ﬁu‘h 6, Vﬂ\éréfngﬁi 's?eﬁbﬂlrﬁ?befdlﬁ@aruﬁlfﬂr?ﬁﬁkl ng
el enment 70. Retractlng tool 10 al ong the sane path by which it was infed
will allow tooth 6@ool further comprises provndmg said threadmill with a plurality of

thread-cutting teeth spaced axially apart for forming at least two

lead-in threads.

17. The method of claim 10, wherein said thread generating step
further comprises the following steps for forming muitiple start-in
“thread in said bore portion:

5 axially retracting said threadmill out of said bore portion by a length
at least equal to the length of the desired thread pitch;

indexing said tool about the central axis of said bore portion such
_ that said multiple start-in threads are approximately equally spaced
10 thereabout; '

axially infeeding said threadmill on a helical path having a
selectively determined thread radius about said central axis;

156 moving said tool along said path for at least one revolution along
said selectively determined thread radius; and

repeating these steps as necessary to create said mulitiple start-in
threads. |
/
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chanfer 120 and colint er bRERLAGED nay Wp formed independently or

si mul t anewsde7812 —fHerore or after the mlling of ROCRUDBSDIM4FI G 2G
depicts the sinultaneous formation of chanfer 120 and counterbore 130
utilizing tool 10. Chanfer 120 and countﬁgbore 130 may al so be circular or
non-circular in shape, limted only by t tool path undertaken to from

t hese bores. ,dhi s I nd
bore mlli ng1§b Eﬁggﬁg{y@a{’; fea"hgdfuﬂ'g‘ or m@@hgg@bg}@ é%ﬁagté%énlfapﬁ

wor kpi ece such asgeneratitigothréadssin apleashone threddedboreopoitior: caI |y noving
tool 10 about the central axis of the workpiece so as to produce a thread
of the desired pitch and thread major dianeter. Alternatively, the

enbodi nents of to t be
used to formexte Jﬁoa reagghtf\{%&m‘gﬁ e:}(‘agéaifd]ﬁ%é& ﬁgpﬁgﬁiﬂrm@eﬁf@e of
tooy 10 i s synchrandsaw vhrebdm%haheeaurqdeteﬂmlaadleﬁdmlvaooter?-ﬁameter 10

i ially infed t el t h t he d t hr ead
Ipist ?ﬁ' a yv\bngg / Oggaggg(dnr{grbeori/ng surfacen%tsner giametgr Qemg Iesg thgr% Isra?éj rea

to effective proviﬁ;erms ‘gHeam $tASBERN [t o produce finished threads 150. A

PCT/ US95/ 11440 1444 Etl@é b diaftetht @ﬁsaﬁﬁrﬁéaéﬁm | HEVRAeN$igas exanpl es

of the virtually unli mt vari ati ons of orders and combi nations of bore
features whi ch cathreadmill has at least one thread-cutting tooth for forming threads

of varying pitch; and
10 _ _
generating threads simuitaneously with said bore producing step by
selectively helically feeding said tool into said workpiéce along a
‘selectively determined thread radius and pitch about said central .
axis.

19. The method of claim 18, further comprising the step of finishing |
said threads in said bore portion by helically retracting said
threadmill from said threaded bore portion. '

20. A method for forming external.-threads on a workpiece having a
central axis, said method comprising the following steps:

providing a unitary rotating, combination bore forming and
5 threading tool having a shaft with a predetermined axial length, a

proximal end, a distal end, and a shank adjacent said proximal end,
said distal end having a hole n;aking el’ement; a chamfering surface
adjacent said hole making element, a counterboring surface
located axially behind said chamfering surface, a threadmill

10 disposed on said tool between said counterboring surface and said
shank, said counterboring surface and said threadmill each have
predetermined effective outer diameters, said counterboring surface
has an effective outer diameter that is less than said effective outer
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izrrpl ement ed her eundef|. TH!S SHEST HASBEEN Hp not ed t hat anot her key advant age
to the present inveniive tROPLACEDR i n ifts inclusion of a holenaking el ement

70 in front WOX96{0{¥2 5= TF ‘structure 50, and i nPCTASIYHAY on
of the chanfering surface 100 adjacent the el enment. Because of this
structure, tool 10 can be used to nake nulg3-feature bores without tool
changes, and chanfers of differing sizes and shapes can be provided w thout
having to bore to tdianfatet ofiéaidthebadrmill, tamel sdid thrssaillhasoa Rakt eRa!
proximally mounted chanfering structure. In a preferred enbodi ment, the
forward- 10 thigadrcutting tepthdisposaed at agame gxial iggatioreon seithnf eri ng

surface 100, and & i 0 . FIGS. 1A-1H) provides
substantial ly unbomée%d@gg&?%}ﬁp%?ﬁg% a?){)?la@g‘qu ﬁlﬁ??',to the tool and

met hod of the present invention. FIGS. 3A-J show an exenplary variety of

bl i ngs hol es t hat mae/ be Freaée&with a 15 unitary tool 10 sinply by
usi n® t he et hod of¢QHrling e bose forming mevemesss of said iptating teglenal |
three features, i. Fgmg I ! , and the
order of the |ocat ietgﬁe% sugﬂ?ipeegl ur egﬁég%&ggo{?gﬁr@&a\;\nﬁ%ﬁgx ﬂ='[ng’qui ring tool
changes. Likew se, each feature may occur several tinmes in the same bore.

Many conbi nations can,t hereby be produced dependi ng on the application for
whi ch the 20 progyfing %’Ytﬁé%ﬂéﬂpgﬁstﬁf%ﬁﬁ’sb%n adﬁggfﬂ'%‘f%ey helisalinder cut u

end of the bore doefgeag,g S8 8b! mt8sald Wkﬁig(:@ﬁb%dé%aﬁ”&eﬁﬂaf ?giftegépgﬁdi ng

process of the preferred enbodi ment where t threa IS Tro a
hel il€hl path for alselactively determined depth; and

finishing said rough threads by helically retracting said threadmill
from said bore portion along said selectively determined central
axis at a rate equal to said feeding.

—_—

Iy

—_—
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25 . FIG 3A discloses a threaded bore 140 having a chanfer 120a, a
counterbore 130, a starting chanfer 120b, and a bore 140 with threading.
This parti omba@snTsozbi nation is substantially as descri bed abBUBHUSIYH440
respect to FIGS. 2A-2E. FIG 3B depicts a counterbore 130, followed by a
starting chanfer 120B, and a threaded bp/r%140. FIG 3Cillustrates a

t hreaded bore 140 having a chanfer 120a,” a counterbore 130, 30 -and
a starting chanfer 120b, wherein the effective outer dianeter b of the
threaded bore 140 is significantly |less than the outer dianmeter B of the
ot her portions (e.g. Xcounterbore 130) of the bore. FIG 3D shows a |arge
di anet er threadedfbore.140 VO 96/ 0RBQ2
PCT/ US95/ 11440 15 havi ng &0Rh¢ POa——€6
chanfer 120b. FIG 3F disclog
count erbore 130, and dtart g
the counterbore is rel atli ve
exanpl es. FIG A6 3G ghdws a havi ng chanf er
120a, counterbor¥e 130, ang star erei tée ,ameter B of
the counterbore is grea2é& than t o e b&?a’ , that
because no threads were desired in this bore, there is no undercut portion
as there

[@Qre 130, and starting

140 having a chanfer 120a,

7@ L Re axial | ength N of
W2 n the previous

FIG. IB

10—~
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was in the exanple of FIG 2E described above. FIG 3H shows a threaded
bore 140 having first chanfer 120a, second chanfer 120c, counterbore 130,
and st arti nyO®6/01592 third chanfer 120b. FIG 3J showsPeTU8M1d40hor e
130 having a selectively determ ned bore center line or central axis C that
is distinct and offset. slightly fromtdg @ ternate center line or central
axis P of the threaded portion 140 of the bore. This exanple, illustrates
15 anot her advantage of the subject unitary conbination tool 10,
wherein the radial tool path for formng the bore portions, especially for
the counterbore 130, my be off-set to create custom non-circul ar shaped
bores as desired i .e., oval or trilobed) which may not be coaxial with one
anot her. For exanple, in sone applications, such as aircraft parts, it is
critical to provide for custom shapes of bores and holes for stress 20
control or part alignment. The substantially free formon-the-fly control
whi ch can be inplenented with the present unitary tool 10 allows for

eccentricities and off-sets to be fornmed in virtually any t he bore
features described herein. FIG 3J illustrates such an gff*Set or eccentric
count er bore 130j ./Q! I't will be understood that{the y b pat hs

) niAsanpgependi ng on the bore

ce@rof a tool

h di a r that is
‘-P‘téﬂﬁgsnerely

t he mnrkpiece.

required to form par i cul BF7BBVE7YEAP A7 EZ X

portion being created. '%;"/"57/’;/7{%//} / I’
path 160 created by tool g//uu/ '/4;‘/2/-;;‘/’/
greater than the di t 2T 1%%‘4%‘/1{:/;‘ RYOR

rotated about its ¢

FI G 40

40 50 60 (70

10 | 30
L
f 80

20 ' 100
15 110

FIG. IH
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30 - 4B illustrates the top plan view of the conical tool path 160
created by tool 10 when it forns a hole having a radius (e.g., rferr]) that
i,s | arger t NéM964780% adi us of the tool 10. For exanple, a toolP 931440
convexly curved chanfering surface which is infed WD 96/ 07502 _

PCT/ US95/ 11440 16 al ong the tool path iljzngrated in FIG4B wll create a
convex or concave radiused chanfer if thé rate of axial infeed of tool 10
is continually varied 'during the axj2®\i nfeed while maintaining a fixed
rate of change for the involute. If tha ra f axial infeed and the rate
of change of the ipvcﬂ\yte are both fi

Q‘Q a’conical surface with a 5
constant chanfer apgle will Lg geMé@ .@'W ternatively, a change in either
the axial infeed ra ph at-q hoRge

. i?ﬁl ute during the axial

. : —d NN :
i nfeed will generatef a second/ d§ sti ncy X arrﬁ hanf er angl e adj acent the

first chanfer angl j’y}’gf‘/“/’,’l‘»‘w)))ﬁ) AN § Eonbi nation of chanfer angles
and shapes may be VOrHEd Ady 22207 A Q_Q)e bore portions. FIG 4Cis

| i kewi se a top pl M{éﬂff‘ﬂé{l@"‘ patFi‘J@ Lgé 160 of tool 10
when the tool 10isforrringthreadsi e hole. Beta the tool 10 will
be rotated about its |ongitudinal axi ’ , infed into the workpi ece, and

noved in a radial direction progressively ?gbwardly to formthreads, the
i ncreasi ng di aneter :

//’7:"/,/ O AN
KA A((({(/@

.
SO

120

1301
FIG. 2E =0

SUBSTITUTE SHEET (RULE 26)




Spiral tool path results. FIG 4D shows a tool path which is not circular,
inthat it has one or nore flats, such as to provide a tri-|lobed bore. Such
a tool pathwmyesdreo2l5 i npl emented with or without axirdT/USeSBEDNg.
The tool 20 may be constructed fron1nany suitable materials dependi ng on
the type of application that the tool Iﬁﬁ{ perform GCenerally, the nost
preferred materials include carbide and speed steel. In addition, the
performance of a tool ‘nade 20 according to this invention can be
augnented with various” éxternal coatings such as titani um carbide, titanium
nitride, titaniumcardonitride, titaniumalum numnitride, dianond, or
cubi ¢ boron nitridé, dépending upon the application. In addition,
overheating of the tool 20 can be obviated by passing cool ant through

cool ant openings in the tool (not shown) as is known in the industry.
Simlarly, chip renoval 25 can also be facilitated by approprlate

fluing and/or application of cutting/cooling 79 ng
form ng operations, as is conmon in the art"y i bed t he
preferred enbodi nents of the present inventje of the
boring tool and nethod shown and descri bed hefg _
acconpl i shed by appropriate nodificatigng b in the
art without departing fromthe scope of the\ pres ral of
t hese potential nodifications have been - be .
apparent to those skilled in the
D — ‘Lr—{
— IS r3
e A r,
VY
Y 120/ gBE fz
’ - //////
/

FIG. 2F

130
120

o/ ‘ %

FIG. 2G
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REPLACEMENT SHEET 18 WE CLAIM 1. An inproved integral rotatable tool
for selectively formng and threadi ng bores, said tool conprising a shaft
af a predet ewgwenasb2axi al | engt h and havi ng proxi mal and di st #CTarsdv114a0
shank | ocated adjacent said proximal end, characterized by the conbination
of an end cutting surface |ocated adj ac.?y aid distal end, a chanfering
surface adjacent 5 said end cut 'n&ssurface, a counterboring
surface | ocated axié_gl 'y _behind said chanfering surface, a threadmill
portion disposed b _en ;%q}?count erboring surface and said shank, and
wherein each of sai d N I'T|_-pgpyion and said counterboring surface
havi ng a predeterf @g‘ <Ye 'er dianeter, with said effective outer
() \

di ameter of wipdp & AN -‘Jx\ N\ surface being |l ess than said effective
outer 10 ' ) ‘f‘ 0 readr?u}r o(ri.%i n. 2. - The tool of
A\ am i ng é.c %ﬁd' said end cutting
‘ 16 fNeCyive outer dianeter, said effective

i

|

" D
a
Hai |
e
&%@gu i on being greater than either said

effective outer dia 0 ering surface, or said effective

surface having a pr¢g
outer diameter of sa

outer dianeter of sard end cutti Lo% urface. 3. The tool of claiml1,
wherein said tlr}rl‘iédf' ' rises at | east one thread- cutting
tooth, or a pl (i ' ed thread cutting teeth.

206" FIG. 3B

120& 120b_ 140

5N FIG. 3C

130 —
140
1208 -
FIG.3D
120 b~
130
140

SN

Il

Il

SN\

FIG. 3F

<N SUBSTITUTE SHEET (RULE 26)



4. An inproved integral rotatable tool for selectively form ng and

t hreadi ng bores, said tool conprising a shaft of a predetern ned axi al

| ength and Wa9sB02r oxi mal and distal ends, a shank | ocated BEFHS®MI440,; ¢
proxi mal end, characterized by the conblnatlon of a hole form ng el enent
adj acent sai d distal end, a threadm | 16po6tion di sposed between 5

said hole formng el enent and said shank, with said threadm || portion
conprising a plurality_off ead- cut ,i it eeth spaced axially apart for
formng nultiple start-| n rieads. LACE OSHEET 5. An i nproved
integral rotatable tds MO ewt 0 and threadi ng bores, said
t ool conprising a % {of 4a prede W) i Iength and havi ng proxi nal
and di stal ends, A K|l acaged adjacelt ;sai OXI NS haracteri zed
by the conbination of aj¢hgnfering s$urf c in ?‘AG éto sai d
di stal end, a counterboring surfadels _t at ed axially behind said
chanfering surface, a tH ey N i d between said
counterboring surface ar J sai d chanfering surface
conprising a convex surface for sel ecti vely form ng chanfers of varying
angle. 6. The tool of cl algb \M)%re sai d convex chanfering surface
conprises a curved surfg 140 :

1208

F16.3H

130

3 ' FlG.
P/} . 3J

130J
160 .
| 160 nu ' LD

ry FIG. 4A
j 160 | b
_ISOI

FIG.4C
FIG. 4B
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7. The tool of claimb5, wherein sai d chanf ering surface angl REALACEMENT SHEET
count erboring surface are connected to Rorm a substantially ufinterrupted

surface on said tool. 8. The tool of claimb5, wherein saidf Q8 ...................
conprises an end cutting surface adjacent said distal end, sa FFE ‘

f t b i d
s ece gk prudiet afchaking, ASELORC i IE T TR AN BRSNS
a wor kpltﬁ@gnnéafdxeftﬁ‘élhﬂbmrﬂlsmebflﬁmhtﬁbﬁl Rfconiphex, and)ft(is/gdieﬂﬂlya unitary

rot at abl e conbi nati on. ore form ng and threadi ng tool having a shaft_of a
pr edet ereX¥perRsivesto; .Srme thp diametess of the connterborgand chamfer

o} acentreBRyna P I @a@ﬁ%ﬁaﬂﬁxi et pSt, doiknise, bt bl SHTBE hele Tl
hol e f o HROWEIKPIERB! asiiéll 8ihe rélBfAvElen @ofp&aahsetﬂabrwret hwebeﬁ&nisﬁmeﬂg

novenents of said tool on three mutually perpendicul ar axes of

triordi length sf theawrrespohdir portions of the€jool whichcare pregletrmimedaded bor e portion
with said threadm || portion and said hole form ng el enent, said threaded

bore portion having a selectively determined central axis, a selectively
ot o ) R 508 A B8 et 1 iy Vi 3l e
along the shank, such as in EP-A-0 334 002 (“Geissler”). Such tools nutlally drill a bore
hole, then, after reaching the desired hole depth, the tool is laterally offset or moved laterally
outwardly , and then moved in a circular path and simultaneously raised to mill threads in the

wall of the bore hole. Once the threads are formed, the tool must be recentered for retraction
from the bore hole so that the hole forming elements do not cut or otherwise damage the
threadé. This sequence of steps is logically needed because the hole forming elements (e.g.,
‘the end cutting surface, the chamfer surface and the counterbore surface) have a greater
effective outer diameter than the threadmill portion. In order to make a finishing pass to
smooth or otherwise finish the threads, another tool must be inserted, which adds to the tool
cycle time. Moreover, due to the relative sizes of the hole making element and the threadmill
portion, these tools cannot produce a hole with portions varying in shape, length, diameter, or
thread pitch.

Other tools are known which have a threadmill ground into drill flutes so that, after drilling
‘the hole and chamfer, the threads can be milled with the same tool. These tools, however,
still cannot produce a hole with portions varying in length, diameter, or thread pitch from the
physical tool section or sections from which it was produced. Moreover, since the chamfer
portion of the tool is located on the rear of the assembly and requires a bore of full depth
before the chamfer can be formed, the hole is linﬁted to a predetermined depth and the
chamfer is limited to a predetermined diameter.

Moreover, when drilling ductile materials, often a continuous chip is formed that is difficult

to break. Such long chips can ball up, intertwine with other chips, and/or wrap around the

AMENDED SHEET
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about its axial length and helically feeding said tool into the workpiece

and noving said tool upon a selectivel 2Adet erni ned bore tool path for said
bore depth and bore radius. 10. The nethod of claim.9, further conprising
the foll ow ng steps (A) providing a unitary tool wherein said hole making

el oot SATRRIGRSE pitp SR 0TS A SRRSO diGRR! IBBRPOT | NS

surface por avin erm ned ective outer

di anet eexisgdbflarPimproved unitary bonﬁé Eﬂttﬂr&ﬁh@'ﬁoﬁrthdi cifrhike lessef varyihg eadmi | |
portion EEI ng grea?er than said effective outer dianmeter of said

count er benpithsy charadtamsfigs,amd disroetersithataareldistine £oom the dimensional hianitatigns of the

plurality of teetH ali n rows; and (B) axially infeeding said
t hr eadnitdal, anshthatyeduce esgfpwgiﬂ Hat h havi ng a sel ectively detern ned
t hread radi us about sai d central axis. 11. The nmethod of claim9, further

conprising the step of produ0| ng a pI urallty of bore portions in said
wor kpi ece with said tool. [RY OF i INVE DN11, wherein at |east

one bore portion produced rrprl ses a cham‘ er adacent at_ | east ,one ot her
bor e poltisan objest of thn@msent ipwentignite ohwiatethe menifsgabt‘d preblemgand harrf er

et hou- shorisomttneaet Sepmaelche Yeliaf opgll el Aff. A ptencthi wits d3fele

tool.

It is also an object of the present invention to provide a unitary tool which can selectively

provide a variety of bores, counterbores, and chamfers without a need for tool changes.
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counterbore fornmed by said counterboring surface by noving s iRERL@dEMHNmHEET

sai d

sel ectively determ ned counterbore tool path perpendicul ar t

cobunterboring surface. 14. The method of claim 12, wherei nj Saitel:. cham‘..er ............

tool path is noncircular. 15. The metkdd of claim 13, wher ar-ef
counterbore tool path is noncircular. |IPEAEP -

An inproved nethod for formng a threaded bore in a V\D saji d nmet hod
conprising the steps of: (A providing an unitary, E mﬂ “ﬂgr"i"’on
I '

bore form ng and thre di ng tool having a shaft of a pre y
‘| engt h, %)AI a distal end, 5 and a shank ocat ed
adj acent sal pI’OXI end, a hol e form' ng el enent | ocated adjacent said
di stal end, amlmpidveemtagrhl rofatable eovl dorselestivelp orving and thdeddingbdres, vaidg

el ement and sai d shank, said threadm|| portlon having a plurality of,

t hr ead- cut t| rigok eomprising:e shafhof apredetermined axial lengthiand haying proximal gndsdistal _ i

threads: 10 enge shehBlocatcYadceh! b indi 8, Slalelted BY SEEQilich Y
an end cutting surface located adjacent said distal end, a chamfering surface adjacent
5 said end cutting surface, a counterboring surface located axially behind said
chamfering surface, a threadmill portion disposed between said counterboring surface
and said shank, and wherein each of said threadmill portion and said counterboring
surface having a predetermined effective outer diameter, with said effective outer
diameter of with said counterboring surface being less than said effective outer
10 diameter of said threadmill portion.

2. The tool of claim 1, wherein each of said chamfering surface and said end cutting
surface having a predetermined effective outer diameter, said effective outer diameter
of said threadmill portion being greater than either said effective outer diameter of
said chamfering surface, or said effective outer diameter of said end cutting surface.

3. The tool of claim 1, wherein said threadmill portion comprises at least one thread-
cutting tooth, or a plurality of axially spaced thread cutting teeth.

4. An improved integral rotatable tool for selectively forming and threading bores, said
tool comprising a shaft of a predetermined ax:al length and having proximal and distal
ends, a shank located adjacent said proximal end, characterized by the combination of
a hole forming element adjacent said distal end, a threadmill portion disposed between

5 said hole forming element and said shank, with said threadmill portion comprising a
plurality of thread-cutting teeth spaced axially apart for forming multiple start-in
threads. '
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bore portion w j)lm portion and said hol.e forjn ng el enent,
said threaded b

per pendi cul ar axes of Ef'l ate system and (C) produ mymaﬁuwm;ﬂ
Wl“ﬁ ﬁg g a sel ctlvely det er m ned @atteral aXJs....a. ...... '

sel ectively det erni ned bore depth and & sel ectively determ
bore radius, said threaded bore portion being forned b rotcﬁ S tool
about i3.s axAnlimpeongdrintsgrl eotatablegoolderisalestively forming and thye \ggWﬁ’pﬁalﬂ:e and
noving said to

depth and bof@ QPF%P{}%‘@S%'?%O%%F%Q%Q'{G} ‘g]d%\%hggéﬁ‘ apﬁ%yﬁ;%rﬁ? %?@%g %?bore
in a workpi S&ifls, # gug,gr%éﬁé&i 2 SUERE $aid Pﬂ:x’ixﬁﬂ hdCaifaratkerized by th@eaumﬂam éf

unitary, rotata I nat1 on bore Torm ng and t hr eadi ng tool having a

shaft of a pa chishfering serfamdinzlost pratimity do pmd)dlslﬂlené,mj:;owtelbm swfade 5
and a shank | ocated adjacent said I‘OXI ma end, a e for el enent _
| ockt ed adj alosated ganauymbmmsmé &S F%é&hmimg P?’F‘SH BEt ween

said hole for A S 1{}%&

form ng movetf ”%F@m#%ggﬂ% %%ﬂag :}ee r?u“%l@) dy perplgﬁréjécu ar aggéﬁgfa a
triordinate gnveRSurfadedod Selectively forthing chamiférsl of Vatging dnglecaded bore portion
with said threadm || portion and said hole formng el enent, said threaded

bore portion having a sel ectively determ ned central axis, a selectively

determ g ed b’?‘rrxe too ?8}' 3 \%hesrglsax tc'o\rlnenla c g&t errmné snurflace comprises a curved
surface.
7. The tool of claim 5, wherein said chamfering surface and said counterboring surface

are connected to form a substantially uninterrupted surface on said tool.

8. The tool of claim 5, wherein said tool comprises an end cutting surface adjacent said
distal end, said end cutting surface being substantially defined by said counterboring
surface and said chamfering surface.

9. An improved method for forming a threaded bore in a workpiece, said method
comprising the steps of: '
(A) providing a unitary rotatable combination bore forming and threading tool
having a shaft of a predetefmined axial length, a proximal end, a distal end, a
5 | shank located adjacent said proximal end, a hole forming element located
adjacent said distal end, and a threadmill portion disposed between said hole
forming element and said shank;
(B) controlling the bore forming movements of said tool on three mutually
perpendicular axes of a triordinate system; and
10 (C)  producing a threaded bore portion with said threadmill portion and said hole
forming element, said threaded bore portion having a selectively determined
central axis, a selectively determihed bore depth and a selectively determined

bore radius, said threaded bore portion being formed by rotating said tool
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22 bore radius, sgi iy Portion being forned by rdt BEPHYCEMFYT SHEET
tool about its axiel I“l ma I ﬂm ally feeding said tool intjo_the
A [ * € L M s i '

vior kpi ece and 15 * NDVipRg sai d tool upon a sef BREively

det erm ned bore tool path for said boré& depth and bore radius, wherein said

t hread producing stepfurther co | sesnt e Jfol | ow ng. st . | ng
nultiple start-i nabﬂ'ﬁ)te‘ ﬁ“ﬁrﬁe‘@ gﬁ)‘{ hﬁﬁg’&ﬁ% 8 "ngesa'lfﬂp?ﬂggé &%v&ﬁﬁleééj&{ﬁ_
axially retractin W 4ill i6A Bpba b sPIeEivePNdQktimifiéd Béte dod] Path P ki Bardy a

| ength at | east ecg]ltljal._ .r(.) t he Iglrjlgtﬁ of te%;e] desired threa?hpitch; I ndexi ng
sai d tool about t ptﬂ&nﬂl‘tmtewdiw. of said threaded bore portion such that
said nultiple start-in threads are approxi mately equally spaced thereabout;
25 axially infeeding said threadm ||l portion on a helical path having a

selectiygly termn e ' ' . axis; nmoving said

tool al X&rg sari 8%egi??;%o‘%}gélg’l%g%@&%#ﬁ%*ﬁﬁl%rv\ﬁgggﬁgg'sai d selectively 30

determ ned t papad preddin ;alﬂﬁlgr}fﬁBEWhéﬂ&miamEHaem ¢lemat@oRmeisys 4 0 Cr eat e
S

said multiple Start-in threads. . )
counterboring surface, and each of said counterboring surface and said

threadmill portion having a predetermined effective outer diameter, said
5 effective outer diameter of said threadmill portion being greater than said
effective outer diameter of said counterboring surface, and wherein said
. threadmill portion having a plurality of teeth aligned in axial rows; and
(B) axially iﬁfeeding said threadmill portion on a helical tool path having a

selectively determined thread radius about said central axis.

11.  The method of claim 9, further comprising the step of producing a plurality of bore

portions in said workpiece with said tool.

12.  The method of claim 11, wherein at least one bore portion produced comprises a
chamfer adjacent at least one other bore portion, said chamfer being formed by
moving said tool on a chamfer tool path perpendicular to said axial length of said

shaft.

13.  The method of claim 11, wherein at least one of said bore portions comprisesa -
counterbore formed by said counterboring surface by moving said tool on a

selectively determined counterbore tool path perpendicular to said counterboring

surface.

14.  The method of claim 12, wherein said chamfer tool path is noncircular.

15.  The method of claim 13, wherein said countefbore tool path is noncircular.
REPLACEMENT SHEET
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18. An i nproved met hod for for form ng a threaded bore in a wor kBF %CEMEN-EISHEET
met hod conpr i s lmm)mm (A providing a unitary rot aggtte)l_e

donbl nat | on bo readl ngztool haV| ng a: Shaft O.l: ................................
|

pr edet er m ned axi al I'endt hs a proxi na nd, a distal end, a 5

shank | ocated adj acent sai d_pr.oxi.mal end hol e form ng el ene | ocat ed
adj acentb. sallﬂnémﬁt%’ﬁ aehodsfor SO"HBP%aF}HF‘i‘ﬂeF}g’Oé? %WPfk&ﬁ‘ig’r éqe &'Qd

count er bori n surf s%?:g g threadm || portion disposed between said hole
form ng el e ? ﬁan said threadm || portion having at | east one
thread-cuttimng ogob anl mntaryl,grotdwwadanmhaum bore fomniihg and tmedding toohi d

count er bori ng surface and said threadm || hawgtg‘ a predeterm aed eféectlve
outer dianeter, ammaaghaftofzaapredmm%w@al aproximal sndsa digtal en

count erboring surf e .bej S,. th ef f.ec netnr of said
threadnil | ; (B) *}a&l‘?ﬁgﬁ#& ‘ﬁ?)’loﬁ' H@,\,aeﬁgﬁ?éﬂ ?8 [ 00l on
three nutual Iy peja ed'a gfdl:é}]t séﬁ%ﬁstﬂfena ddd z%?éaﬂﬁﬁﬁ tpSMﬁinQﬁ%po@éﬂjbétﬁ'een

(O produci ng at pore portion With said threadm || portion and
sai d hol e form ngsaid holerformingietbment emtisedd kiwank, saidithreadmill portion hewingca i vel y
det er m ned

plurality of thread-cutting teeth spaced axially apart for forming at least two
start-in threads; | |
10 (B) controlling the bore forming movements of said tool on three mutually
perpendicular axes of a triordinate system; and
(C) producing a ihreaded bore portion with said threadmill portion and said hole
forming element, said threaded bore portion having a selectively detenningd
central axis, a selectively determined bore depth and a selectively determined
15 bore radius, said threaded bore portion being formed by rotating said tool
about its axial length and axiaily feeding said tool into the workpiece and
moving said tool on a selectively determined bore tool path for said bore depth

and bore radius.

17.  Animproved method for forming a threaded bore m a workpiece, said method

comprising the steps of: _

(A) providing a unitary, rotatable combination bore forming and threading tool
having a shaft of a predetermined axial length, a proximal end, a distal end,

5 and a shank located adjacent said proximal end, a hole forming element

located adjacent said distal end, ana a threadmill portion disposed between
said hole forming element and said shank;

-(B) controlling the bore forming movements of said tool on three mutually
perpendicular axes of a triordinate system; and

10 (©) producing a threaded bore portion with said threadmill portion and said hole

. formmg element, said threaded bore portion having a selectively determined

REPLACEW}ENT QHEETc tral axis, a selectively determined bore depth and a selectively determined
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central axis, a sel ectlvem ned bore depth and a sel eq}f R\?EWCEMENTSHEET

det erm ned bore ’ﬂﬂ Hﬂ,’ ﬂ| aded bore portion belﬂg forrme rotating
dai d tool about ' ,Lmum lmand hebhjcal Iy feeding said t B %ym*d rhe e

wor kpi ece and 20 * nDV|ng aid tool upon a selectlvely
determ ned bore to a or re depth and bor rad

generat i ng threadsggﬁerpfﬂi5 ﬁéﬁl@{‘i?gﬁgg%@w@&‘?‘?'\%‘%m pyT ‘?tlé gg%ﬂ(ld t ool
into said workpi ecgb&{t%g{%l ﬁﬁ%@ﬁ %g&g&?ﬁ%ﬂ&%&{gﬁt@% Wwoflipisceand Pitch

about said central arm further conprising

thejstep of finishj aﬁfoblﬁpdiﬁaselemtydmmummaremobpamdbrmdbwe
retracting said threadml| portion fromsaid threaded bore_portion.  20.

The met hod of cl ai demth and borsi radivg, whereinesaid ingi Bf GORAPTISE s of
at |l east two bore portjons are t coaX| 9
PCT/ US95/ 11440 23 ﬂ?aﬁtﬂg?ﬂ}ngo?"?s ‘ﬁfﬂ °“¥$&“§g$é‘§t9‘ﬁ?%%3%’neﬂ"d§é’§e at

I east one thread-cyblijog teeth di sposed at a sane axial location on said

20 axially retracting said threadmill portion out of said bore portion by a length at least
equal to the length of the desired thread pitch;

indexing said tool about the central axis of said threaded bore portion such that said
multiple start-in threads are approximately equally spaced thereabout;

25
axially infeeding said threadmill poxtion on a helical path having a selectively
determined thread radius about said central axis;

moving said tool along said path for at least one revolution along said selectively

30 determined thread radius; and
repeating these steps as necessary to create said multiple start-in threads.

18.  An improved method for forming a threaded bore in a workpiece, said method
| comprising the steps of:
(A) providing a unitary rotatable combination bore forming and threading tool
having  shaft of a predetermined axial length, a proximal end, a distal end, 2
5 shank located adjacent said proximal end, a hole fonnihg element located
adjacent said distal end, said hole forming element comprising a counterboring
surface, and a threadmill portion disposed between said hole forming element
and said shank, said threadmill portion having at least one thread-cutting tooth
for forming threads of varying pitch, each of said counterboring surface and
FPLAGEMENT SHEET L} threadmill having a predetermined effective outer diameter, and said
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threadm Il for Cummmnmmﬁmaryl ng pitch; 53 REPLACEMENTSHEE
coptrolling the b nts of said rotat‘lhgtool three

mut ual | y per pendi ctil af axed of a*tri oygli nate system pr oduci ng ema@r_ngl_"___;,-,,_._,__;,' _____
rough threads on a workpiece by helically feeding said tool intle—=sait

wor kpi ece about efdcfive Sifer gLan?&ér%fE c@uﬂtgrmﬂn% surface beﬁngl lessﬁ%.nefaﬁ dvely

determ ned depth; and f.ini sal roug I ca retracting

said threadml| éﬁfmmveau&rﬂﬁh&tdmfwdmhmhdmm sai d sel ectively det er m ned

central axi s at a ratgequal to said feeding.
conq;olhn the bore forming movements of said tool on three mutually

perpendxcular axes of a triordinate system; and
15 (C)  producing a threaded bore portion with said threadmill portion and said hole
forming element, said threaded bore portion having a selectively determined
central axis, a selectively determined bore depth and a selectively determined
bore radius, said threaded bore portion being formed by rotating said tool
about its axial length and helically feeding said tool into the workpiece and
20 moving said tool upon a selectively determined bore tool path for said bore
depth and bofe radius; and
(D)  generating threads simultaneously by selectively axially feeding said tool into
said workpiece along a selectively determined thread radius and pitch about

said central axis.

19.  The method of claim 18, further comprising the step of finishing said threads in said
bore portion by helically retracting said threadmill portion from said threaded bore

portion.

20. The method of claim 9, wherein said selectively determined central axis of at least

two bore portions are not coaxial.
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(57) Abstract

A unitary bore forming and threading tool for
producing a variety threaded bores having chamfers
and counterbores without a need for tool changes.
The improved tool preferably includes a shaft of
predetermined axial length and having proximal and

a holemaking element located adjacent the distal end,
and a threadmill portion located axially between the
bit and the shank. The holemaking element further
includes a chamfering surface and an end. cutting

surface. The disclosed tool and method enable creation of a variety of bores such as chamfers, counterbores, and threaded bores by
producing bore portions of selectively determined distinct diameters by sequentially axially feeding the tool into the workpiece along
distinct tool paths without changing tools. If desired, one ore more of the bore portions can be threaded with the threadmill by moving the |.

threadmill in a selectively determined helical or nonhelical path.




