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pressurized medium. A conduit is in fluid communication with the extremities, and a pair of vents are in fluid communication with
the conduit. The vents are operable to expel fluid communicated through the conduit. The cam member comprises an inner surface
defining an opening. The inner surface of the cam resists expulsion of fluid from the vents, such that the cam and vents are operable
to vary the pressure of fluid communicated through the conduit. The pressure variation varies the separation of the extremities as the
elongate member is advanced through the cam toward a workpiece. The tool may be used to create bores having a non-cylindrical
profile.



WO 2008/109484

[0001]

[0002]

[0003]

[0004]

PCT/US2008/055591

o1-

METHOD AND APPARATUS FOR PRODUCING A
SHAPED BORE

Stan C. Weidmer

BACKGROUND

A variety of tools and systems have been made and used to create
bores having a variety of geometries. Exemplary tools and systems are
disclosed in U.S. Pat. No. 7,090,445, issued August 15, 2006 to
Makino, Inc; U.S. Pat. No. 6,270,295, issued August 7, 2001 to
Makino, Inc.; and U.S. Non-Provisional Patent Application Ser. No.
10/654,328, filed September 3, 2003 by Weidmer. Each of the
foregoing patents and patent application is incorporated by reference
herein. Some boring situations may call for a bore geometry that is
generally cylindrical, while other boring situations may call for a bore
geometry that is tapered or otherwise non-cylindrical. While a variety
of systems and methods have been used for producing bores, it is
believed that no one prior to the inventor has made or used the

invention described in the appended claims.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings incorporated in and forming a part of the
specification illustrate several aspects of the present invention, and
together with the description serve to explain the principles of the
invention; it being understood, however, that this invention is not
limited to the precise arrangements shown. In the drawings, like
reference numerals refer to like elements in the several views. In the

drawings:

FIG. 1 is a partial cross-sectional side view of a tool constructed in

accordance with an exemplary embodiment of the present invention;

FIG. 2 is an end view of the tool of FIG. 1;
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FIG. 3 is an exploded perspective view of the tool of FIG. 1;

FIG. 4 is a perspective view of an embodiment of a plate for the tool of

FIG. 1;

FIG. 5 is a perspective view of an alternate embodiment of a plate for

the tool of FIG. 1;

FIG. 6 is a perspective view of an alternate embodiment of a plate for

the tool of FIG. 1;

FIG. 7 is a front elevational view of an alternate embodiment of a plate

for the tool of FIG. 1, configured to receive a wafer;

FIG. 8 is a cross-sectional side view of the plate of FIG. 7, taken along

line 8-8;

FIG. 9 is a perspective view of an embodiment of a wafer configured

to fit in the plate of FIG. 7;

FIG. 10 is a perspective cross-sectional view of an exemplary

hydraulic cam; and

FIGS. 11A through 11F are series views of the tool of FIG 1 and the

cam of FIG. 10 in an exemplary use.

Reference will now be made in detail to various embodiments of the
invention, examples of which are illustrated in the accompanying

drawings.

DETAILED DESCRIPTION OF EMBODIMENTS OF THE INVENTION

[0015]

The following description of certain examples of the invention should
not be used to limit the scope of the present invention. Other examples,
features, aspects, embodiments, and advantages of the invention will
become apparent to those skilled in the art from the following

description, which is by way of illustration, one of the best modes
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contemplated for carrying out the invention. As will be realized, the
invention is capable of other different and obvious aspects, all without
departing from the invention. Accordingly, the drawings and
descriptions should be regarded as illustrative in nature and not

restrictive.

Referring now to the drawings in detail, wherein like numerals indicate
the same elements throughout the views, FIGS. 1 and 2 show tool (2)
having proximal end (4) and distal end (6). Conduit (8) runs along the
axis of tool (2) from proximal end (4) toward distal end (6). As used
herein, the term “conduit” is intended to include any channel or other
structure or configuration through which fluid (e.g., liquid, etc.),
materials, and the like may be conveyed, passed, or otherwise
communicated. In the present example, conduit (8) is configured to
permit communication of a fluid medium through tool (2). However,
those of ordinary skill in the art will appreciate that other suitable

configurations may be used to permit fluid communication.

In the present example, tool (2) is adapted for use with a machining
station (not shown) having a selectively rotatable machine spindle, and
that may quickly and easily receive and secure one of a plurality of
tools for various operations (e.g., rotating, vibrating, oscillating, etc.).
A machining station may have a synchronized system, such as an
automatic tool changer for quickly and easily interchanging and
utilizing multiple machining tools at one machining station, thereby
allowing the machining station to provide greater utility or range of
operations. Tool (2) is further configured for use with a source of a
pressurized fluid medium for communication to conduit (8) in tool (2).
The machining station permits a user to selectively control both the
speed of tool (2) rotation and the pressure of the fluid medium being

communicated to conduit (8). In one embodiment, the fluid medium is
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capable of providing lubrication and/or cooling of at least a portion of

the interface between tool (2) and a workpiece (not shown).

In the present example, tool (2) is attachable to a selectively rotatable
spindle at proximal end (4), and receives a pressurized fluid medium at
proximal end (4). In this way, the interface of machining station and
proximal end (4) of tool (2) of the present example is quite similar to

the corresponding interface described in U.S. Patent No. 6,270,295.

Distal end (6) of tool (2) includes a pair of opposing cutting blades
(20) mounted on extremities (26). FIG. 1 includes a partial cross
section of extremity (26) to show cutting blade (20). A slot (30) is
defined between pair of extremities (26), and has a plate (40A) (not
shown in FIG. 1) disposed therein. As shown in FIG. 3, which omits
several elements of tool (2) for simplicity, dowel pins (70) may be
used to hold plate (40A) within slot (30). Other suitable distal end (6)
features and configurations will be apparent to those of ordinary skill
in the art, including but not limited to inserted members other than

plate (40A) and alternatives for dowel pins (70).

Slot (30) is generally rectangular, and is defined by proximal surface
(32) and two side surfaces (36). Proximal surface (32) has opening
(34) along the axis of tool (2) for fluid communication with conduit
(8). Each side surface (36) has a pair of pin openings (38). Each pin
opening (38) extends completely through corresponding extremity (26)
in a direction transverse the axis of tool (2), and is configured to
receive dowel pin (70). Other suitable slot (30) configurations will be

apparent to those of ordinary skill in the art.

By way of example only, distal end (6) of tool (2) may have a diameter
of approximately 8 inches, 2 inches, 1.25 inches, 1 inch, or 32mm.
Slot (30) may have a width (e.g., distance between side surfaces (36))

of approximately 0.375 inches or Smm. Of course, any other suitable
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dimensions may be used for tool (2) diameter and/or slot (30) width.
Slot (30) may be 2.6 inches deep (e.g., distance from distal end of tool
(6) to proximal surface (32) of slot (30) is 2.6 inches), 3.321 inches

deep, or any other suitable depth.

Plate (40A) has proximal end (42), distal end (44), and a pair of side
surfaces (46). Plate (40A) also has a pair of pin openings (60) formed
through side surfaces (46), each opening (60) being configured to
receive dowel pin (70). Plate (40A) is configured to fit in slot (30),
such as by an interference fit. Such an interference fit may be obtained
where plate (40A) has a thickness that is 0.001” greater than the width
of slot (30), by way of example only. In one embodiment, slot (30) has
a width of 0.374” while plate (40A) has thickness of 0.375”. Other
suitable relative dimensions of slot (30) and plate (40A) for producing
any type or degree of interference fit will be apparent to those of
ordinary skill in the art. Alternatively, slot (30) and plate (40A) may
be dimensioned such that the fit is not an interference fit. By way of
example only, slot may have a width of 0.375” while plate (40A) has a
thickness of 0.374”. In addition, plate (40A) may be dimensioned such
that its exposed outer surfaces are flush with or slightly recessed from

the outer surfaces of tool (2).

Tool (2) of the present example further comprises a pair of vents (80).
Of course, any other number of vents (80) may be used. Vents (80) are
longitudinally positioned proximal to slot (30) in this example. Each
vent (80) comprises a vent conduit (82) in fluid communication with
conduit (8). Each vent conduit (82) is substantially perpendicular to
conduit (8) in this example, and opens at the outer side surface (88) of
tool (2). Each vent conduit (82) is also oriented at an angular position
about the axis of tool (2) that corresponds to the angular position of
cutting blades (20) about the axis of tool (2). Alternatively, vent

conduits (82) may have any other suitable orientation relative to
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conduit (8), cutting blades (20), and/or axis of tool (2). A cannulated
set screw (84) is provided within each vent conduit (82). FEach
cannulated set screw (84) has an orifice (86) formed therethrough, and
each orifice (86) is in fluid communication with its corresponding vent
conduit (82). Each cannulated set screw (84) in the present example is
positioned within its corresponding vent conduit (82) such that a
portion of each set screw (84) extends radially outward beyond outer
side surface (88) of tool (2). Of course, cannulated set screws (84)
may have any other suitable relationship with outer side surface (88) of
tool (2). As will be described in greater detail below, vents (80) are
configured to selectively provide pressure relief for fluid

communicated through conduit (8).

FIG. 3 shows plate (40A), a simplified rendering of tool (2), and dowel
pins (70) prior to insertion of plate (40A) in slot (30). In the present
example, with plate (40A) properly positioned within slot (30), pin
openings (38) of slot (30) align with pin openings (60) of plate (40A),
such that dowel pins (70) may be placed through pin openings (38, 60)
to secure plate (40A) within slot (30). Alternatively, any other suitable

configuration for securing plate (40A) within slot (30) may be used.

In the present example, each side surface (46) of plate (40A) has a
recess (50) formed therein. Each recess (50) has a channel (48), also
formed in respective side surface (46), leading to proximal end (42).
Each channel (48) is configured to permit fluid communication to
corresponding recess (50). In the present example, with plate (40A)
properly positioned within slot (30), each channel (48) will be in fluid
communication with opening (34) in proximal surface (32) of slot (30),
such that fluid may be communicated through conduit (8), through
opening (34), and through channel (48) to reach each recess (50) in
plate (40A). Alternatively, any other suitable configuration may be

used to facilitate communication of a fluid medium to each recess (50).
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It will be appreciated that plate (40A) may be modular in nature, such
that a variety of types of plates (40A) may be inserted in slot (30). An
aspect of plate (40A) that may be modified for such varying plate
(40A) types may be the configuration of recesses (50). As shown in
FIGS. 3 and 4, recesses (50) may be generally rectangular in shape.
Alternatively, as shown in FIG. 5, recesses (54) in plate (40B) may be
generally “T”-shaped. In yet another embodiment, shown in FIG. 6,
recesses (56) in plate (40C) are generally circular. Plate (40A)
configurations may also be varied as a function of recess (50) size, in
addition to, or instead of, recess (50) shape. In one embodiment,
recesses (50) in respective side surfaces (46) of plate (40A) have
substantially the same size and shape. Alternatively, recesses (50) on
plate (40A) may be sized and/or shaped differently. Still other suitable
recess (50) configurations and variations will be apparent to those of

ordinary skill in the art.

Plate (40A) may be made of any suitable material or materials. By
way of example only, plate (40A) may be made of steel, aluminum,

plastic, or any other suitable material, including combinations thereof.

In an alternate embodiment, shown in FIGS. 7-9, plate (40D) is
configured to receive a wafer (58). In this embodiment, plate (40D)
has center opening (62) formed therethrough. Opening (62) is in fluid
communication with channel (48) in proximal end (42) of plate (40D).
Opening (62) is defined by inner annular ridge (64), which is recessed
within plate (40D) to provide recess (56A).

An exemplary removable wafer (58) is shown in FIG. 9. Wafer (58)
may be positioned within recess (56A), adjacent annular ridge (64).
As shown, the shape of wafer (58) corresponds to the shape of recess
(56A). While wafer (58) is shown as generally circular to correspond
with generally circular recess (56A), it will be appreciated that wafer

(58) may correspond to any other shape. By way of example only,
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wafer (58) may be generally square to correspond with generally
square recess (50), generally “T”-shaped to correspond with generally
“T”-shaped recess (54), or any other shape to correspond with a
different recess. Alternatively, wafer (58) may be shaped differently
than recess (50) in which it is disposed, such that they do not

correspond.

It will also be appreciated that wafer (58) may be used with any of
plates (40A-40C) that lacks opening (62). In other words, wafer (58)
may be provided within a recess (50, 54, 56). In such an embodiment,
wafer (58) may include a channel or conduit to facilitate entry of fluid
into space between wafer (58) and recess (50), or into space adjacent to
wafer (58). Alternatively, any of plates (40A-40C) may include an
opening in addition to or as an alternative to recesses (50, 54, 56).
Other combinations and variations will be apparent to those of ordinary

skill in the art.

In one embodiment, annular ridge (64) is recessed 0.125” within plate
(40D) (e.g., the distance between annular ridge (64) and side surface
(46) is 0.125™), while wafer (58) has a thickness of 0.1127”. Recess
(56A) has a diameter of 2.4”, while wafer (58) has a diameter of 2.35”.
Alternatively, recess (56A) and wafer (58) are sized such that there is
an interference fit between wafer (58) and plate (40D). Still other
suitable dimensions for plate (40D) and/or wafer (58) will be apparent

to those of ordinary skill in the art.

During use of plate (40D) having wafer (58) inserted in recess (56A),
pressurized fluid communicated to and through channel (48) reaches
opening (62), where it exerts an outward force on wafer (58). Wafer
(58), in turn, exerts outward force on extremity (26) of tool (2). Thus,
rather than having fluid exert force on extremity (26) directly, fluid

exerts force on extremity (26) via wafer (58) in this example.
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Wafer (58) configuration may be varied by size, shape, and/or by
having one or more openings (68) formed in wafer (58). Such an
opening (68) may permit some fluid to escape therethrough. Such
escaping fluid may exert some force directly on extremity (26). By
way of example only, wafer (58) with an opening (68) formed in its
center may provide characteristics that differ from a wafer that has no
opening. Similarly, one wafer (58) that has an opening (68) of a first
size may provide characteristics that differ from wafer (58) that has

opening (68) of a different, second size.

In one embodiment, wafer (58) has opening (68) with a diameter of
0.475”. Of course, the number and/or size of opening(s) (68) may vary
greatly. It will be appreciated that the size, shape, and/or number of
openings (68) in wafer (58) may relate to the force exerted by wafer
(58) on extremity (26). In addition, the size and/or number of openings
(68) in wafer (58) may relate to the amount of fluid permitted to leak
from tool (2). Other embodiments and uses for opening(s) (68) in

wafer (58) will be apparent to those of ordinary skill in the art.

Watfer (58) may be made of any suitable material or materials. By way
of example only, wafer (58) may be made of polyurethane, brass, or
any other suitable material, including combinations thereof. In one
embodiment, the material of which wafer (58) is made is softer or less
dense than the material of which plate (40D) is made. Alternatively,

the respective materials may be of any other suitable relative hardness.

Of course, wafer (58) may be eliminated altogether. As will be

(13

apparent from the foregoing examples, the term “wafer” shall be
broadly construed to include any member that may be inserted in or

otherwise engaged with recess (50, 54, 56, 56A) of plate (40A-40D).

Those of ordinary skill in the art will also appreciate the various tool

(2) properties that may be varied by using plates (40D) having
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different recess (50) and/or wafer (58) configurations or properties. By
way of example only, the fluid pressure required to cause outward
bending of extremities (26) may vary depending on recess (50)
configuration. In addition, or in the alternative, the rate at which the
diametric distance between cutting blades (20) varies with fluid
pressure may be a function of recess (50) and/or wafer (58)
configuration. Still other effects of varying plate (40D), recess (50, 52,
54, 56, 56A), and/or wafer (58) configuration will be apparent to those

of ordinary skill in the art.

During use, such as when tool (2) is being used to cut a bore having a
high length-to-diameter ratio in a workpiece by way of example only, a
user may selectively adjust the pressure of fluid being communicated
to tool (2). Of course, the same may be true for cutting other bores.
Those of ordinary skill in the art will recognize that such pressure
adjustments of communicated fluid may also adjust the pressure of
fluid within tool (2). As the fluid pressure is increased in the present
example, the fluid will be directed outward by recesses (50) in side
surfaces (46) of plate (40A), thereby exerting an increasing, outward
force against side surfaces (36) of slot (30) (e.g., outward force
increases with fluid pressure). When the fluid pressure reaches a
sufficient level, this force will cause extremities (26) to bend radially
outward (e.g., side surfaces (36) of slot will be deflected outward by
the fluid), thereby urging cutting blades (20) radially outward. This
will increase the effective diameter of distal end (6) of tool (2). By
way of example only, such diametric expansion may be achieved with
fluid pressures ranging from approximately 200 psi to 800 psi. Of
course, other fluid pressure amounts may cause expansion based on a
variety of factors (e.g., tool material, fluid density, thickness of

extremities, etc.).
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Accordingly, extremities (26) and slot (30) may constitute a selective
bias portion of tool (2). In other words, extremities (26) and slot (30)
of the present example are configured to selectively bias cutting blades
(20) to a variety of use positions. Of course, a selective bias portion of

tool (2) may include other elements or features.

In the present example, the radial positioning of cutting blades (20)
with respect to the axis of tool (2) may be adjusted according to the
pressure of the fluid being communicated to and through tool (2), such
that increasing fluid pressure will increase the diametric distance
between cutting blades (20). Accordingly, tool (2) may be used to cut
or ream bores of different diameters, as the diametric distance between
cutting blades (20) may be varied as a function of fluid pressure. In
one embodiment, when fluid pressure is decreased, the resilience of the
material of which tool (2) is made causes extremities (26) to return
back (e.g. radially inward) to their prior configuration. Such resilience
may be found where tool (2) is made of steel or any other metal, alloy,
or the like. Other suitable materials for making tool (2) will be
apparent to those of ordinary skill in the art. In addition, other ways in
which extremities (26) may be caused to return back to a prior
configuration will be apparent to those of ordinary skill in the art (e.g.,
inducing a vacuum condition in conduit (8), magnetically or

mechanically pulling extremities (26) together, etc.).

As noted above, the diametric distance between cutting blades (20)
may be varied as a function of fluid pressure, and the fluid pressure
may be varied by varying the pressure of fluid being communicated to
conduit (8). For instance, the source of pressurized fluid may have a
valve or other feature operable to vary the pressure of fluid being
communicated to conduit (8). Alternatively, fluid pressure within tool
(2) may be varied even where the pressure of fluid being

communicated to conduit (8) (e.g., from the pressurized fluid source) is
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kept substantially constant. In other words, pressure variations may be
selectively and controllably created within tool (2) itself, such that the
pressure of fluid within one portion of conduit (8) may differ from the
pressure of fluid within another portion of conduit (8). Such
controllable pressure variations may be induced using vents (80) and a

hydraulic cam (90), an example of which is shown in FIG. 10.

As shown in FIG. 10, hydraulic cam (90) of the present example is
generally cylindraceous, and has an interior surface (92) defining an
axial opening (94) through the center of cam (90). It will be
appreciated, however, that cam (90) need not be generally
cylindraceous, and may have any other suitable configuration. As
shown in FIGS. 11A-11F, cam (90) is configured such that at least a
portion of tool (2) is fed through opening (94) before and during
operation of tool (2). In particular, the narrowest inner diameter of
axial opening (94) is greater than the distance between the outermost
edges of cutting blades (20) when cutting blades (20) are at rest (e.g.,
when extremities (26) are not being forced apart by fluid pressure).
Such relative configuration of opening (94) and cutting blades (20)
permits distal end (6) to be inserted through cam (90) without
interference between cutting blades (20) and interior surface (92).
Cam (90) may be secured within a machining station via a fixture (not
shown), such that cam (90) is prevented from moving in the axial
direction. For instance, cam (90) may further comprise a flange (not
shown) or other feature that may be bolted to or be otherwise secured
to a fixture. Other suitable ways for securing cam (90) will be
apparent to those of ordinary skill in the art. It will also be appreciated
that more than one cam (90) may be provided within a work station.
Tool (2) may be moved (e.g., manually or automatically) from one cam
(90) to another; or cams (90) may be changed (e.g., manually or

automatically) for use with a single tool (2) in a single location.
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In the present example, cam (90) and tool (2) are positioned and
operated such that interior surface (92) is configured to resist fluid
expelled through vents (80). Such resistance may affect the pressure of
fluid within conduit (8) downstream of vents (80). In particular, low
resistance by cam (90) may effect greater drops in pressure of fluid
within conduit (8) downstream of vents (80); as compared to lesser
drops in pressure of fluid within conduit (8) downstream of vents (80)
caused by high resistance by cam (90). In the present example,
resistance by cam (90) is a function of the distance from vents (80) to

interior surface (92) of cam (90).

As is also shown in FIGS. 10 and 11A-11F, interior surface (92) of
cam (90) is non-cylindrical, and is curved along the axial length of cam
(90). Such curvature will provide a distance between vents (80) and
interior surface (92) that varies as tool (2) is fed axially through
opening (94) of cam (90). In the present example, this varying
distance of separation will translate into varying resistance by cam (90)
of fluid expelled by vents (80), which will translate into varying fluid
pressure in conduit (8) downstream of vents (80), which will in turn
translate into varying separation of cutting blades (20). In other words,
the curvature of interior surface (92) will provide a separation of
cutting blades (20) that varies as a function of the axial position of tool

(2) within opening (94) of cam (90).

Alternatively, interior surface (92) may have any other suitable
configuration, including but not limited to cylindrical, tapered,
hourglass-shaped, jagged, stepped, etc., and combinations thereof. It
will also be appreciated that the geometry of interior surface (92) may
be symmetric about the axis of opening (94) or may be non-axis-
symmetric. In the present example, inner surface (92) is configured to
correspond with the inner surface (104) of a bore (102) that is sought

to be created and/or shaped by tool (2). For instance, and as will be
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described in greater detail below, the configuration of inner surface
(92) may represent an inverse profile or an exaggerated inverse profile
of the inner surface (104) of a bore (102) that is sought to be created
and/or shaped by tool (2). Cam (90) may thus operate in a manner
roughly similar to that of a pantograph device. As shown in FIGS.
11A-11F, where tool (2) is used to shape a bore (102) in a workpiece
(100), the interior surface (102) of bore (102) will have a profile that is
generally inverse to the profile of inner surface (92) of cam (90). As
used herein, the term ‘“‘generally inverse” shall be read to include
relationships where the profile of inner surface (94) is a direct
geometric inverse of the profile of interior surface (102), where the
profile of inner surface (94) is an exaggerated geometric inverse of the
profile of interior surface (102), where the profile of inner surface (94)
is a proportional geometric inverse of the profile of interior surface
(102), and other suitable inverse relationships. Alternatively, the
configuration of inner surface (94) of cam (90) may have any other
suitable relationship with the configuration of interior surface (102) of

bore (102) that is sought to be produced or shaped.

It will be appreciated that resistance to expulsion of fluid through vents
(80) may also be varied as a function of the diameter of orifice (86) in
each cannulated set screw (86). A plurality of modular cannulated set
screws (86) may be provided (e.g., in a kit) with varying orifice (86)
diameters, and set screws (86) having an ideal orifice (86) diameter for
a particular situation may be selected as appropriate. Conduits (82) in
vents (80) may be configured to receive any of such modular
cannulated set screws (86), such that cannulated set screws (86) may
be replaced by unscrewing a cannulated set screw (86) with one orifice
(86) diameter and screwing in a cannulated set screw (86) with a
different orifice (86) diameter. Furthermore, resistance to expulsion of
fluid through vents (80) may also be varied as a function of the

distance to which cannulated set screws (86) extend beyond the outer
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side surface (88) of tool (2). Such distance may be varied by screwing
or unscrewing cannulated set screws (86) relative to conduits (82) until
the desired distance is obtained. To the extent that orifice (86)
diameter selections and/or cannulated set screw (86) distance
selections are/is used to vary resistance to expulsion of fluid through
vents (80), such selections may be based at least in part on the
particular configuration of a cam (90) inner surface (92) and/or based
on other considerations. Similarly, a cam (90) inner surface (92)
configuration may be selected based at least in part on orifice (86)
diameter and/or cannulated set screw (86) distance. Other ways in
which such variables may be chosen and/or interact will be apparent to

those of ordinary skill in the art.

In the present example, edges of cannulated set screws (86) protruding
from tool (2) (e.g., on the heads of such screws (86)) are rounded.
Such rounding may reduce turbulence of fluid that may otherwise
occur absent such rounding. Of course, such rounding is not
necessary. In addition, cannulated set screws (86) of the present
example protrude from tool (2) such that they provide an effective
diameter for tool (2) that exceeds the effective diameter provided by
cutting blades (20). In other words, the distance between the
outermost points of cannulated set screws (86) is greater than the
distance between the outermost points of cutting blades (20).
However, the distance between the outermost points of cannulated set
screws (86) may alternatively be less than or equal to the distance

between the outermost points of cutting blades (20).

Cam (90) of the present example is created by a computer numerical
control (CNC) assisted lathing process. For instance, a computer aided
design (CAD) of the cam (90) geometry may be input into a CNC lathe
control, and cam (90) may be lathed accordingly. The CAD of the cam

(90) geometry may be established based on the geometry of the interior
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surface (104) of a bore (102) sought to be produced. As noted above,
the cam (90) geometry may represent an inverse of the bore (102)
geometry, or may be established using any other formula (e.g., some
other formula incorporating geometric parameters of the bore (102)
design). Of course, a cam (90) may be created using any other suitable

process and based on any other factors.

It will be appreciated in view of the foregoing that the separation of
cutting blades (20) may be varied as a function of the geometry of
inner surface (92) of cam (90), which itself varies as a function of the
axial position of tool (2) relative to cam (90). Accordingly, a bore
(102) having a non-cylindrical interior surface (104) may be shaped or
created with the pressure of the fluid being fed into tool (2) being kept
at least substantially constant. In addition to or in lieu of using vents
(80) and cam (90) to vary the pressure of fluid within tool (2), the
pressure of fluid being fed into tool (2) may be varied (e.g., by
controlling a valve or pump), but as noted above, such upstream

pressure variation is not necessary in the present example.

In some situations, there may be a lag between the time that resistance
by cam (90) to expulsion of fluid from vents (80) is varied and the time
cutting blades (20) separate or retract in response to such resistance
variation. Such a lag time may be a function of various factors,
including but not limited to orifice (86) diameter, the distance between
cannulated set screws (84) and interior surface (92) at a given moment,
and/or the longitudinal distance of vents (80) relative to distal end (6)
of tool (2). In some settings, such lag time may be negligible, while in
others, it may be accounted for by appropriately varying parameters
that influence the lag time. Tool (2) and/or cam (90) may therefore be
constructed such that the lag time is accounted for, virtually

eliminated, or tolerable.
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It will also be appreciated that, in the present example, the pressurized
fluid will tend to leak at distal end (6) of tool (2) during use of tool (2).
This leakage will occur at distal end (6) between side surfaces (36) of
slot (30) and side surfaces (46) of plate (40A). In other words, the
outward bending of extremities (26) will tend to create gaps between
side surfaces (36) of slot (30) and side surfaces (46) of plate (40A), and
the pressurized fluid will leak from these gaps in the present example.
It will be appreciated that, due to the proximity of such gaps to cutting
blades (20), the leaking fluid may easily reach at least a portion of the
interface between tool (2) and the workpiece. This will be particularly
so considering the relatively high pressure of the fluid when it leaks,
such that the fluid will tend to spray out from the gaps at a high
velocity.  Such spraying leakage may provide cooling and/or
lubrication of the interface between tool (2) and the workpiece.
Accordingly, the suitability for cooling and/or lubricating such
interfaces may be considered during the selection of a fluid to be

communicated through conduit (8) of tool (2).

Those of ordinary skill in the art will appreciate the speed with which
tool (2) may be used to cut or ream multiple bores in a given time
frame. For instance, the rotation of tool (2) may be kept substantially
constant as tool (2) cuts or reams a plurality of bores. In other words,
the rotation of tool (2) need not necessarily be stopped or re-started
between bores. Furthermore, tool (2) may be used to cut or ream a
bore in a single, one-dimensional linear movement along the axis of
the bore. Thus, while tool (2) is disposed within the bore, the axis of
tool (2) may remain aligned with the axis of the bore during the
advancement and retraction of tool (2) through the bore. Other suitable
methods for using tool (2) will be apparent to those of ordinary skill in

the art.
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It will also be apparent to those of ordinary skill in the art that while
several embodiments of the invention have been disclosed in detail,
numerous other modifications and improvements may be made

thereon.

For example, those of ordinary skill in the art will recognize that it may
not be necessary to use a pair of opposing cutting blades (20) at distal
end (6). As an alternative, any other number of cutting blades (20)
may be used. In an alternate embodiment, distal end (6) has a single
cutting blade (20) with an opposing support pad similar to the type
described in U.S. Patent No. 6,270,295. In another alternate
embodiment, distal end (6) has a single cutting blade (20) with no
opposing support pad. In yet another alternate embodiment, distal end
(6) has three or more cutting blades (20). In one embodiment, where
distal end (6) has more than one cutting blade (20), cutting blades (20)
will be spaced apart equidistantly about circumference of tool (2). In
addition, tool (2) may have more than two extremities (26), each
having a respective cutting blade (20). Still other suitable cutting blade

(20) configurations will be apparent to those of ordinary skill in the art.

Those of ordinary skill in the art will also appreciate that tool (2) need
not have any cutting blades (20) at all. In an alternate embodiment,
tool (2) has rollers electroplated with or otherwise coated in diamond
grit or Cubic Boron Nitride grit positioned proximate to where cutting
blades (20) would be. By way of example only, tool (2) may be fitted
with rollers similar to those described in U.S. Pub. No. 2005/0217336,
entitled “Method and Apparatus for Patterning of Bore Surfaces,”
published October 6, 2005, the disclosure of which is incorporated by
reference herein. In this embodiment, grit may be approximately
0.006” in size. Of course, any other size of grit or other protuberance

may be used. Grit may be used to impinge a pressure on the surface of
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a bore wall at approximately 10,000 pounds per square inch. Of

course, any other amount of pressure may be used.

In addition, or in the alternative, tool (2) may be configured similar to
the tool disclosed in U.S. Non-Provisional Application Serial No.
10/654,328, entitled “Tool With Selectively Biased Member and
Method for Forming A Non-Axis Symmetric Feature,” filed on
September 3, 2003, the disclosure of which is incorporated by

reference herein.

As an alternative to tool (2) having plate (40A) with recesses (50)
opening outwardly, tool (2) may have a pair of symmetrical plates with
recesses opening inwardly, such that the recesses face each other when
the plates are positioned together in slot (30). In this or similar
alternate embodiments, outward forces may be exerted upon
extremities (26) by the plates, as the plates will be urged outwardly by

the pressurized fluid.

It will also be appreciated that, while slot (30) and plate (40A) have
been shown in the present example as being generally rectangular, slot
and plate may be of any other shape. By way of example only, slot
and plate may be generally square, cylindrical, or any other
substantially uniform cross-sectional shape, such as circular, elliptical,
ovular, or triangular. Alternatively, slot and plate may be conical,
frusto-conical, pyramid-shaped, or any other suitable shape. In one
embodiment, slot (30) is generally of the same shape as plate (40A-
40D).

While tool (2) has been discussed as being particularly suitable for
cutting bores having a relatively high length-to-diameter ratio, it will
be appreciated that tool (2) is also suitable for use with bores having a
relatively small length-to-diameter ratio, or any other types of bores.

In addition, while tool (2) has been discussed as being suitable for
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cutting or reaming bores, it will be appreciated that tool (2) is also

suitable for a variety of other types of machining and other operations.

The following merely illustrative example, portions of which are
shown in FIGS. 11A through 11F, outlines a method by which tool (2)
and cam (90) may be used to produce a shaped bore (102) in a
workpiece (100). First, as shown in FIG. 11A, bore (102) of
workpiece (100), opening (94) of cam (90), and tool (2) are all aligned
along a common axis. Rotation of tool (2) is initiated by a spindle at a
machining station (not shown). Tool (2) is already predisposed within
opening (94) of cam (90). Next, as shown in FIG. 11B, the pressure of
fluid (72) being communicated to tool (2) (and hence, through tool (2))
is increased. Some, but not all, of the pressurized fluid is expelled
through vents (80). The pressure of fluid in conduit (8) downstream of
vents (80) is at a level sufficient to cause extremities (26) to bend
outward until cutting blades (20) are separated at a desired diametric

distance.

Then, as shown in FIG. 11C, as rotating tool (2) is linearly advanced
along the axis of bore (74), vents (80) pass through opening (94) of
cam (90), which provides resistance to fluid expelled through vents
(80). This resistance causes an increase in the pressure of the fluid in
conduit (8) downstream of vents (80), which results in an increase in
the distance between cutting blades (20). As rotating tool (2) continues
to be linearly advanced along the common axis, the resistance by cam
(90) to fluid expelled through vents (80) varies, resulting in
correspondingly varying separation between cutting blades (20). It
will be appreciated that, during these stages of advancement, cutting
blades (20) of tool (2) will engage with interior surface (104) of bore

(102) in a cutting or reaming fashion.

As shown in FIG. 11D, when vents (80) have passed through and
cleared opening (94) of cam (90), cutting blades (80) will return to the
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separation they had before vents (80) reached opening (94) of cam
(90). When tool (2) has been advanced into bore (102) to the desired
length (e.g., such that cutting blades (20) have passed completely
through bore (102) or to its desired end), fluid pressure in tool (2) may
then be reduced, as shown in FIG. 11E, such as at the source of
pressurized fluid (e.g., using a pump or valve). This reduction in fluid
pressure will proportionally reduce the magnitude of the radially
outward forces immediately being exerted against side surfaces (36) of
slot (30) by fluid (72) being deflected by respective recesses (50) in
plate (40A) (or by wafer (58), as the case may be). This reduction of
force will permit the resilience of the material comprising distal end
(6) of tool (2) to cause extremities (26) to return back radially inward,
thereby decreasing the diametric distance between cutting blades (20).
This decrease in the diametric distance between cutting blades (20)
will nearly instantaneously cause disengagement of cutting blades (20)
with bore wall (76), to the extent that such disengagement has not

already occurred.

As shown in FIG. 11F, tool (2) may then be linearly withdrawn from
bore (102) along the common axis. Tool (2), while still rotating, may
then be moved to the next bore (102) for a similar process. Another
cam (80) may be provided, fixed relative to such next bore (102).
Alternatively, in embodiments where cam (80) is secured relative to
tool (2) or is otherwise movable with tool (2), cam (80) may also be
moved with tool (2) to another bore (102) for a similar process. In yet
another embodiment, a workpiece (100) may be moved to align the
axis of the next bore (102) with the axis of tool (2) before the process

is repeated.

In one exemplary use, tool (2) is used with cam (90) to create a wrist
pin hole in a diesel piston. It will be appreciated that tool (2) (e.g.,

with or without cam (90)) may be used to create bores or may be used
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to ream or shape existing bores. Other suitable uses will be apparent to
those of ordinary skill in the art. It will also be appreciated that tool
(2) and cam (90) may be used on workpieces (100) of any suitable
material, including but not limited to stainless steel, aluminum,

titanium, etc., and combinations thereof.

In summary, numerous benefits have been described which result from
employing the concepts of the invention. The foregoing description of
one or more embodiments of the invention has been presented for
purposes of illustration and description. It is not intended to be
exhaustive or to limit the invention to the precise form disclosed.
Obvious modifications or variations are possible in light of the above
teachings. The one or more embodiments were chosen and described
in order to illustrate the principles of the invention and its practical
application to thereby enable one of ordinary skill in the art to utilize
the invention in various embodiments and with various modifications
as are suited to the particular use contemplated. Having shown and
described various embodiments of the present invention, further
adaptations of the methods and systems described herein may be
accomplished by appropriate modifications by one of ordinary skill in
the art without departing from the scope of the present invention.
Several of such potential modifications have been mentioned, and
others will be apparent to those skilled in the art. For instance, the
examples, embodiments, geometrics, materials, dimensions, ratios,
steps, and the like discussed above are illustrative and are not required.
Accordingly, the scope of the present invention should be considered
in terms of the following claims and is understood not to be limited to
the details of structure and operation shown and described in the

specification and drawings.
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What is claimed is:
1. A tool for working a workpiece, the tool comprising:
(a) an elongate member comprising:
(1) a central axis defining axial, angular, and radial

directions,

(ii) first and second ends,

(iii)  at least two extremities located at the first end, at least
one of the at least two extremities comprising at least
one blade member, wherein the at least two extremities
are operable to separate in response to a pressurized
medium,

(iv)  aconduit, wherein the conduit is in fluid
communication with the extremities, and

(V) a pair of vents in fluid communication with the conduit,
wherein the vents are operable to expel fluid
communicated through the conduit, wherein a first
portion of the conduit is proximal of the pair of vents,
wherein a second portion of the conduit is distal of the
pair of vents; and

(b) a cam member comprising an inner surface defining an

opening, wherein the opening is configured to receive at least a

portion of the elongate member.

2. The tool of claim 1, wherein the inner surface of the cam member has a

generally non-cylindrical profile.

3. The tool of claim 2, wherein the inner surface of the cam member has a

generally tapered profile.

4. The tool of claim 1, wherein the vents are longitudinally positioned

between the at least one blade member and the second end.
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5. The tool of claim 1, wherein each vent comprises a cannulated set
SCrew.

6. The tool of claim 5, wherein a portion of each of the cannulated set

screws extends radially outward from the elongate member.

7. The tool of claim 1, wherein the cam member is positioned along the

central axis.

8. The tool of claim 1, wherein the inner surface of the cam member is

configured to resist expulsion of fluid from the vents.

9. The tool of claim 8, wherein the inner surface of the cam member is
further configured such that the resistance to expulsion of the fluid from the vents

varies as a function of longitudinal position along the inner surface.

10. The tool of claim 8, wherein the elongate member is configured such
that the pressure of fluid in the second portion of the conduit varies as a function of
the resistance to expulsion of the fluid from the vents by the inner surface of the cam

member.

11. The tool of claim 10, wherein the elongate member is configured such
that the radial distance of the at least one blade member relative to the axis of the
elongate member varies as a function of the pressure of fluid in the second portion of

the conduit.

12. The tool of claim 11, wherein the elongate member is configured such
that the radial distance of the at least one blade member relative to the axis of the

elongate member varies as a function of the pressure of fluid in the second portion of
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the conduit when the pressure of fluid in the first portion of the conduit is

substantially constant.

13.

14.

A tool, comprising:

(a)

(b)

an elongate cylindraceous member, the cylindraceous member

comprising:

®

(i)

(iii)

(iv)

first and second ends positioned on a tool axis, the
second end being configured to couple with a rotary
actuation device,

a conduit in fluid communication with the second end
and the first end,

one or more cutting members located proximate to the
first end, each of the one or more cutting members
being positioned at a respective first distance from said
tool axis, and

one or more vents extending outward from the conduit,
wherein each of the one more vents is configured to
expel a portion of fluid communicated through the

conduit; and

a cam positioned along the tool axis, wherein the elongate

cylindraceous member is moveable in the axial direction

relative to the cam, wherein the cam is configured to resist

expulsion of fluid expelled through the vents when the vents

are positioned within the cam.

The tool of claim 13, further comprising two or more extremities,

wherein the one or more cutting members are positioned on at least one of the two or

more extremities.
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15. The tool of claim 14, wherein at least a portion of each of the two or
more extremities is configured to move radially outward in response to pressurized

fluid communicated through the conduit.

16. The tool of claim 15, wherein the cylindraceous member and the cam
are each configured such that the pressure of fluid within the conduit is variable as a

function of resistance to expulsion of fluid expelled through the vents by the cam.

17. The tool of claim 16, wherein the cam has an interior surface defining
an opening and a length, wherein the radial distance between the cylindraceous

member and the opening is not constant along the length of the cam.

18. A method of producing a shaped bore, the method comprising:
(a) providing an elongate cylindraceous member, wherein the
elongate cylindraceous member comprises:

(i) first and second ends positioned on an axis, the second
end being configured to couple with a rotary actuation
device,

(ii) a conduit having a length,

(iii)  one or more cutting members located proximate to the
first end, each of the one or more cutting members
being positioned at a respective first distance from said
axis, and

(iv)  one or more vents extending outward from the conduit,
wherein each of the one more vents is configured to
expel a portion of fluid communicated through the
conduit;

(b) providing a cam, wherein the cam has an interior surface
defining an opening;
(©) inserting at least a portion of the elongate cylindraceous

member through the opening of the cam;
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rotating the elongate cylindraceous member;

communicating a pressurized fluid through the conduit;
advancing the elongate cylindraceous member toward a
workpiece;

varying the pressure of the pressurized fluid in the conduit
along a portion of the length of the conduit, wherein the act of
varying the pressure comprises expelling a portion of the
pressurized fluid through the vents against the interior surface
of the cam; and

engaging the one or more cutting members with the workpiece,
wherein the act of engaging comprises advancing at least a
portion of the elongate cylindraceous member into or against

the workpiece.

19. The method of claim 18, wherein the act of engaging the one or more

cutting members with the workpiece produces a bore having a non-cylindrical profile.

20. The method of claim 19, wherein the opening of the cam has a profile

that is generally inverse relative to the profile of the bore.
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