6/010093 A1 |1V 200 R O A

—

O

W

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization
International Bureau

(43) International Publication Date
26 January 2006 (26.01.2006)

KWSQWWWWMWWWWWWWWWMWWMW

(10) International Publication Number

WO 2006/010093 Al

(51) International Patent Classification:
B23B 29/02 (2006.01) B23Q 11/00 (2006.01)

(21) International Application Number:
PCT/US2005/024467

(22) International Filing Date: 8 July 2005 (08.07.2005)

(25) Filing Language: English
(26) Publication Language: English
(30) Priority Data:

60/586,420 8 July 2004 (08.07.2004) US

(71) Applicant (for all designated States except US): UNI-
VERSITY OF FLORIDA RESEARCH FOUNDA-
TION, INC. [US/US]; 223 Grinter Hall, Gainesville, FL
32611 (US).

(72) Inventors; and

(75) Inventors/Applicants (for US only): SCHMITZ, Tony,
L. [US/US]; 2818 SW 98th Drive, Gainesville, FL 32608
(US). HOUCK, Lonnie, A., III [US/US]; 734 NW 8th
Place, Gainesville, FL. 32601-3830 (US). MANN, Brian,
P. [US/US]; 3070 SW 98th Drive, Gainesville, FL. 32608-
8686 (US). SMITH, Kevin, S. [US/US]; 15401 Groveland
Street, Huntersville, NC 28078 (US).

(74) Agent: GREEN, Theodore, M.; Akerman Senterfitt, P.O.
Box 3188, West Palm Beach, FL 33402-3188 (US).

(81) Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,
AT, AU, AZ, BA, BB, BG, BR, BW, BY, BZ, CA, CH, CN,
CO, CR, CU, CZ, DE, DK, DM, DZ, EC, EE, EG, ES, FI,
GB, GD, GE, GH, GM, HR, HU, ID, IL, IN, IS, JP, KE,
KG, KM, KP, KR, KZ, LC, LK, LR, LS, LT, LU, LV, MA,
MD, MG, MK, MN, MW, MX, MZ, NA, NG, NI, NO, NZ,
OM, PG, PH, PL, PT, RO, RU, SC, SD, SE, SG, SK, SL,
SM, SY, TJ, TM, TN, TR, TT, TZ, UA, UG, US, UZ, VC,
VN, YU, ZA, ZM, ZW.
(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,
ZW), Burasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
European (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI,
FR, GB, GR, HU, IE, IS, IT, LT, LU, LV, MC, NL, PL, PT,
RO, SE, SI, SK, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA,
GN, GQ, GW, ML, MR, NE, SN, TD, TG).

Published:

with international search report

before the expiration of the time limit for amending the
claims and to be republished in the event of receipt of
amendments

For two-letter codes and other abbreviations, refer to the "Guid-
ance Notes on Codes and Abbreviations" appearing at the begin-
ning of each regular issue of the PCT Gazette.

(54) Title: VARIABLE TUNED HOLDER FOR MACHINE TOOLS

130 105

/ 135
N E— Ty

145

/

120

TOOL LENGTH

(57) Abstract: A variable tuned holder for machine tools that attaches to a machine tool to act in a manner similar to a dynamic
absorber while the machine tool is used during machining. The natural frequency of the holder may be matched to the natural
frequency of the machine tool as the tool is in use to reduce the amplitude of vibration at the cutting end of tool with a workpiece.
The present invention is designed to provide an impedance match between the machine tool and the holder such that the cutting
& energy may escape and/or be dissipated. The flexible holder may be used as one part of an overall system. The system may be
@\ designed to be used with tools of different shapes and/or lengths. As the shape and/or length of the machine tool changes, the system
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VARIABLE TUNED HOLDER FOR MACHINE TOOLS

CROSS-REFERENCE TO RELATED APPLICATIONS
[0001]  This application claims priority to U.S. Provisional Patent Application No.
60/586,420, which was filed July 8, 2004 and which is hereby incorporated by reference

in its entirety.

STATEMENT REGARDING FEDERALLY SPONSORED
RESEARCH OR DEVELOPMENT
[0002]  This invention was made with United States government support under grant
number DMI-023819 awarded by the National Science Foundation. The United States

government may have certain rights in the invention.

FIELD OF THE INVENTION
[0003]  The present invention relates generally to the field of machine tools. More
specifically, the present invention relates generally to methods of and apparatus for

suppressing and/or preventing chatter in a machine tool assembly.

BACKGROUND
[0004] Duriﬁg a metal cutting operation, any vibratory motion between a cutting tool
and workpiece may lead to non-beneficial cutting performances. Furthermore, such
vibration may cause the cutting tool or the machine tool to become damaged. Excessive
self-excited vibrations, frequently called "chatter," between the cutting element of a
machine tool and the surface of the workpiece cause poor surface finish, tool breakage
and other unwanted effects that plague machining operations. Such vibrations arise
especially when the tool includes a long unsupported length that will permit deflection of
the tool. When chatter does occur the machining parameters must be changed and, as a
result, productivity may be adversely affected.
[0005]  When using the stiffest and most advanced machine tool design, there still
remains vibration in the machine tool. For example, a long cantilevered boring bar with a

single cutting element at its free end will, by its interaction with the workpiece, tend to
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vibrate. This vibration may be considered to be self-excited because it is generated by the
interaction of the cutting element and the workpiece. Such self-excited vibration occurs
at frequencies near the natural frequency of the cantilevered tool and tends to increase in
amplitude under small disturbing forces.

[0006]  One such example of a tool that may encounter issues due to excessive
vibration is boring bars. Boring bars are used to fabricate deep holes. A primary
difficulty in their use is that, because the holes tend to be deep and narrow, the boring
bars must be long and have small diameters. Therefore, during machining, the variable
cutting force causes the tool to deflect and leave a wavy surface behind. When the
cutting edge encounters this wavy surface in the next revolution, additional forces and
deflections may be caused which may lead to chatter or unstable machining. The results
of chatter are poor surface finish and hole accuracy, large forces and deflections, and
potential damage to the tool, workpiece, and/or machining center.

[0007]  To reduce these vibrations, various methods have been employed. In one
example, the metal removal rate may be decreased. However, this approach interferes
with production and only minimally reduces the amount of vibration.

[0008]  Attempts to eliminate the vibration in the boring bar may also include using a
boring bar fabricated from solid carbide. However, solid carbide is extremely
expensive. Furthermore, solid carbide is fairly brittle and a minor impact upon the boring
bar during use or setup may inadvertently damage the bar.

[0009] A further attempt to reduce Vibra‘tion in boring bars includes mounting upon or
within the bar a dynamic vibration absorber, such as that absorber disclosed in U.S. Pat.
No. 3,774,730, which is comprised of a cylindrical mass of a high density material
supported on rubber bushings. When optimally tuned, the mass oscillates in response to
vibration produced in the boring bar to cancel out vibration. The absorber may be tuned
to accommodate the boring bar for the speed at which the workpiece or boring bar is
rotating, the length of the boring bar and the type of machine tool connected at the end of
the bar. Such an adjustment is made by longitudinally urging pressure plates at opposing
ends of the cylindrical mass thereby compressing the rubber bushings against the mass
which simultaneously shifts the position of the mass and alters the stiffness of the rubber

bushings to change the dynamics of the cylindrical mass.
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[00010] However, even with such a design available, each time the boring bar is to be
used under different conditions, it must be tuned using sophisticated equipment that may
or may not be available on the shop floor. Additionally, in many instances of using
dynamic absorbers with boring bars, the boring bars are hollowed and a spring-mass-
damper system is added inside the boring bar structure. This places limits on the boring
bar diameter, which must be large enough to contain the dynamic absorber, and increases
the boring bar cost. ,

[00011] Accordingly, it would be beneficial to provide a holder system for tools that is
capable of reducing chatter and/or unstable machining without the need for complex
instrumentation. It would also be beneficial to provide a holder system for tools that is
capable of reducing chatter and/or unstable machining that may be used without
modifying the structure of the tool. It woﬁld also be beneficial to provide a holder system
for tools that is capable of reducing chatter and/or unstable machining that may be used

with existing tools.
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SUMMARY
[00012] The present invention provides a flexible holder with dynamics tuned to match
tool dynamics to help reduce the problems of chatter and/or vibrations during use of the
tool. The flexible holder attaches to a machine tool and acts in a manner similar to a
dynamic absorber while the machine tool is used during machining. The flexible holder
is selected and/or modified such that the natural frequency of the holder is matched to the
natural frequency of the tool as it is being used, thereby reducing the amplitude of
vibration at the cutting end of the tool and the workpiece. The flexible holder may be
included as part of a kit or package that may be used with tools of different shapes and/or
lengths. As the shape and/or length of the tool changes, the system may be easily
modified to change the natural frequency of the flexible holder.
[00013] In particular, in one aspect, the present invention provides an apparatus for
reducing vibrations in a machine tool having a holder base, and a flexible holder
connected to the base and capable of being connected to a machine tool, wherein the
flexible holder is connected to the base such that the flexible holder may move relative to
the base, further wherein the flexible holder is connected to the base such that the
movement of the flexible holder relative to the base occurs at a natural frequency.
[00014] In another aspect, the present invention provides a method for reducing
vibrations in a machine tool, the method including the steps of attaching a holder base to
the machine tool, connecting a flexible holder to the holder base such that the flexible
holder may move relative to the holder base, connecting a machine tool to the flexible
holder, and selecting the flexible holder such that as the flexible holder moves relative to
the holder base, the movement occurring at a natural frequency.
[00015] In another aspect, the present invention provides a kit for reducing vibrations
in a machine tool including a holder base, a flexible holder connected to the base, and a
means for adjusting a natural frequency of the flexible holder, wherein the flexible holder
is connected to the holder base such that the flexible holder may move relative to the
holder base.
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BRIEF DESCRIPTION OF THE DRAWINGS
[00016] Other objects, features and advantages of the present invention will become
apparent upon reading the following detailed description, while referring to the attached

drawings, in which:

[00017] Figure 1 provides a perspective view of the system of the present invention for

one embodiment.

[00018] Figure 1A provides an enlarged view of the tip of the machine tool set forth in
Figure 1.

[00019] Figure 2 provides a side view of the system of the present invention for one

embodiment.

[00020] Figure 3 provides an end view of the system of the present invention for one

embodiment.

[00021] Figure 4 provides a side view of the system of the present invention for an

alternative embodiment.

[00022] Figure 5 provides a comparison of frequency response amplitude when using a
prior art rigid base (solid line) and a flexible holder according to one embodiment of the

present invention (dotted line).
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DETAILED DESCRIPTION
[00023] The present invention provides a flexible holder that attaches to a machine tool
and holds a machine tool, such as a cutting tool. The flexible holder is constructed and
arranged to act in a manner similar to a dynamic absorber while the machine tool is used
during machining. Depending on the type of machine tool used, the holder may be used
in conjunction with a variety of different machine operations, such as cutting, milling,
boring or the like. The natural frequency of the holder may be matched to the natural
frequency of the machine tool in use to reduce the amplitude of vibration at the end of the
tool, thereby reducing and/or eliminating chatter and/or unstable machining., The present
invention is designed to provide an impedance match between the tool and the holder. As
used herein, an "impedance match" occurs through the connection of additional
impedance to an existing one to accomplish the effect of balancing the overall system.
Since impedance is a function of frequency, and since the machine tool operates at a
given frequency, the systems of the present invention provide a flexible holder that is
capable of changing its impedance such that it matches the impedance of the machine tool
in use. The result of the impedance match is that the vibration waves do not get reflected
back to the tool during use, which would generate chatter. Rather, the impedance match
results in the vibration energy having a path to escape from the tool.
[00024] The flexible holder may be used in a system including the holder, means for
adjusting the natural frequency of the holder, and/or the machine tool that is connected to
the flexible holder. As used herein, the "naw;*al frequency" of the holder is the frequency
of the vibrations of the holder when the holder is used in a particular machining operation
with a particular tool. Therefore, for a given machine tool and machining operation, the
natural frequency of the holder will be set. However, the systems and methods of the
present invention adjust the natural frequency to produce the impedance match, thereby
reducing and/or eliminating chatter when the machine tool is used. Accordingly, the
systems and methods of the present invention may be designed to be used with machine
tools of different shapes and/or lengths. As the shape and/or length of the tool changes,
the system may be easily modified to change the natural frequency of the flexible holder
to enable the dynamic absorber effect of the flexible holder to occur. The flexible holder
may be included in a kit that may be used with a wide range of lengths and/or shapes of

machine tools.
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[00025] It is counterintuitive that the use of a flexible tool holder may lead to increased
holder-tool assembly dynamic stiffness. Traditional thinking would lead to a choice of a
holder that is as stiff as possible. However, the flexible holder of the present invention
shows that the interaction between a flexible holder and tool dynamics may lead to
reduced amplitude of vibration. This reduced amplitude of vibration may be referred to
herein as a "dynamic absorber effect." Dynamic absorbers have been used historically on
mechanical structures to reduce the vibration amplitude at a particular driving frequency.
For example, if a rotating system, such as the fan of an air conditioner, exhibits a
resonance near the rotating frequency, large vibrations in the fan structure may be
induced. To reduce these vibrations, a separate spring-mass-damper system, with its
natural (or resonant) frequency tuned to the rotating frequency of the air conditioner, may
be added to the air conditioner structure. This effectively reduces the amplitude of the air
conditioner structure vibration when operating at this frequency by transferring the

energy to the added spring-mass-damper system. Nevertheless, for the reasons previously
set forth, the use of dynamic absorbers presents one or more problems, such as the use of
complex instrumentation and/or modification of the tool.

[00026] In use, machine tools perform machining operations, such as cutting or boring,
by movement of the tool against the wo;kpiece to be machined. This movement results in
vibrations. These vibrations occur at a frequency. This frequency may be based on one
or more factors including, but not limited to, the type of machining operation, the type of
machine téol, the size of the machine tool, the composition of the machine tool, the size
of the workpiece, the composition of the workpiece, the degree of accuracy selected for
the machining operation, or a combination thereof. The flexible tool holder, therefore, is
modified as needed to match this frequency. In one embodiment of the present invention,
the natural frequency of the flexible holder is adjusted such that it matches the natural
frequency of the machine tool. In alternative embodiments, the natural frequency of the
flexible holder is adjusted such that it is substantially similar to the natural frequency of
the machine tool. In one embodiment, the difference between the natural frequency of the
flexible holder and the natural frequency of the machine tool is from about less than about
20%. In an alternative embodiment, the difference between the natural frequency of the
flexible holder and the natural frequency of the machine tool is from about less than about

10%. In still another embodiment, the difference between the natural frequency of the



WO 2006/010093 PCT/US2005/024467

flexible holder and the natural frequency of the machine tool is from about less than about
5%. In yet another embodiment, the difference between the natural frequency of the
flexible holder and the natural frequency of the machine tool is from about less than about
2%. ‘

[00027] The flexible holder of the present invention is fundamentally different from
dynamic absorbers. The flexible holder clamps the boring bar or other machine tool in
place during machining and acts in a manner similar to a dynamic absorber without the
need for any internal modification of the tool or other complex instrumentation. The
natural frequency of the flexible holder may be matched to the natural frequency of the
clamped tool to reduce the amplitude of vibration at the free (cutting) end of the tool.
Effectively, the flexible holder of the present invention provides an impedance match
between the tool and holder such that the cutting energy is free to escape from the cutting
edge and/or may be dissipated through the machine structure. The advantage of the
present invention is that there is no "active" control required (i.e., no extra
instrumentation or electronics required for the device function), it may use existing tools
from the current product lines, and, in contrast to those embodiments wherein the tool is a
boring bar or other similar tool that has been hollowed out to contain a dynamic absorber,
there are no limitations on the boring bar diameter, such as for boring bars with internal
dynamic absorbers where there is a lower limit on the boring bar diameter to allow the
absorber to fit inside.

[00028] The combination of the overall stiffness of the flexible elements and mass of
the holder gives a particular natural frequency of vibration. Accordingly, rather than
adding a separate mass and associated flexible support inside the boring bar or other
machine tool, the natural frequency of the holder is matched to the natural frequency of
the machine tool.

[00029] The natural frequency of a machine tool is dependent on its length. If the
length is changed, the natural frequency of the holder must also be changed. As such, the
present invention contemplates two distinct manners in which to accomplish the present
invention: 1) alter the stiffness of the flexible elements; and/or 2) change the mass of the
holder. Natural frequency, f;, (in Hz), is related to the stiffness, £, and mass, m, according

to Equation 1.
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[00030] Accordingly, in one embodiment of the present invention, it is possible to alter
the stiffness of the flexible elements used to connect the flexible holder to the base and/or
the flexible holder to the machine tool. The flexible holder assembly of the present
invention includes a base for attaching to the machine tool, a flexible holder connected to
the holder base and one or more flexible elements that permit the flexible holder to move
relative the holder base. The machine tool may be clamped or otherwise connected to the
flexible holder. As such, by altering one or more of flexible elements, the natural
frequency of the flexible holder may be adjusted. For example, making the flexible
element longer and/or making the flexible element thinner may be used to decrease the
stiffness. Alternatively, a stiffer material may be used to increase the stiffness.
Accordingly, the stiffiness of the flexible elements may be adjusted using one or more
factors including, but not limited to, increasing or decreasing the length of the flexible
element, increasing or decreasing the thickness of the flexible element, altering the shape
of the flexible element, changing the composition or compositions used to make the
flexible element, or a combination thereof. Any one or all of these factors may be used to
adjust the overall stiffness of the flexible elements and, therefore, the natural frequency of
the flexible holder. The flexible elements may be made from any material capable of
being used as a flexible element in the present invention including, but not limited to,
carbon-fiber materials; ceramic materials; metals; metal composites, such as carbides;
rubbers; plastics and the like. In addition, the flexible elements may take any shape
provided the elements are capable of connecting the flexible holder to the base and/or the
flexible holder to the machine tool including, but not limited to, cylindrical tubes or rods,
square tubes or rods, rectangular tubes or rods, or the like.
[00031] | In an alternative embodiment of the present invention, it is possible to change
the mass of the holder. This may be accomplished by the addition of mass to the holder
(see Figure 2) to realize the selected change in natural frequency. The mass additions
may be selected during the holder design and could, in one embodiment, correspond to a
finite number of tool lengths, for example. In one embodiment, the system may be

designed such that the holder is capable of accommodating machine tools of different



WO 2006/010093 PCT/US2005/024467

sizes and/or lengths. For example, in an embodiment wherein the tool is a boring bar, as
the boring bar length increases, the clamped natural frequency decreases. As such, the
present invention may include means for changing the natural frequency of the flexible
holder to account for changes in the size of the tool. In one embodiment, the means for
changing the natural frequency of the flexible holder is a plurality of weights, wherein
changing the weight changes the natural frequency of the flexible holder when the
machine tool is in use.

[00032] It is to be understood that while the present invention refers to a flexible holder
for holding the machine tool, with the flexible holder having a natural frequency that
matches or is substantially similar to the natural frequency of the machine tool, the
concepts of the present invention may be used with any other structure capable of
achieving the function of permitting at least some of the vibration energy from the tool to
be dissipated without reflecting back to the machine tool. Accordingly, for the present
invention, the system may include a base to attach to the machine and some device for
holding the tool. Any mechanism capable of achieving relative motion between the tool
holder and the base with the desired stiffness (and damping) characteristics may be used.
[00033] Reference is now made with specific detail to the drawings in which like
reference numerals designate like or equivalent elements throughout the several views,
and initially to Figures 1-4.

[00034] Figures 1 and 1A depict one embodiment of a flexible holder system of the
present invention. The flexible holder system 100 includes a holder base 105 that is
designed to be connected to the selected machine tool 110. The shape and/or
configuration of the base 105 may vary depending on the type of machine tool 110 with
which the flexible holder assembly is being used, as well as the workpiece 145. As such,
the base 105 is constructed and arranged to be able to be connected to a machine tool 110,
while also being able to have the flexible holder 115 attached thereto. The base may be
made from any material capable of holding a flexible holder and being used in a machine
tool system including, but not limited to, metals, rubbers, plastics and the like.

[00035] The flexible holder 115 is the portion of the system 100 that attaches to the
base 105 and secures the machine tool, which, for this embodiment, is a boring bar 120
having a cutting edge 125. The boring bar 120 is clamped or otherwise secured to the
flexible holder 115. The flexible holder 115 is constructed and arranged to be able to

10



WO 2006/010093 . PCT/US2005/024467

move relative to the rest of the base 105. The movement of the flexible holder 115
relative to the base 105 is based, at least in part, on the natural frequency of this flexible
holder 115 as matched to a particular boring bar 120 length. This matching may be
accomplished using means for changing the natural frequency of the flexible holder 115.
The flexible holder 115 may be constructed from any material capable of holding a
machine tool while the machine tool is in use including, but not limited to, metals,
ceramics, metal composites, carbon-fiber materials and the like.

[00036] In general, the natural frequency of the flexible holder 115 will decrease as the
weight of the flexible holder 115 increases since the increased weight is harder to move,
and therefore, vibrates more slowly. As such, in one embodiment, the means (see Figure
2) for changing the natural frequency of the flexible holder 115 may include the use of a
weight 130 that may be connected to the flexible holder 115. By increasing the weight
added, the natural frequency decreases since, as described, the flexible holder and weight
become more difficult to move and, therefore, vibrate more slowly when in use. In an
alternative embodiment, the system 100 may be constructed and arranged such that the
flexible holder 115 may be detachably connected to the base 105 such that different
flexible holders may be used, with each flexible holder having a different weight. As
such, if a flexible holder having a lower natural frequency is needed, the flexible holder
may be changed to one having a higher weight. Conversely, if a flexible holder having a
higher natural frequency is needed, the flexible holder may be changed to one having a
lower weight.

[00037] The flexible holder 115 may be attached to the base 105 using any known
means for connecting that also permit movement of the flexible holder 115 relative to the
base 105. The flexible holder 115 may be constructed and arranged to freely move in a
360 degree movement relative to the base 105. In an alternative embodiment, the flexible
holder 115 may also move in a transverse direction perpendicular to the plane of the base
105. In one embodiment, the flexible holder 115 may be connected to the base 105 using
one or more flexible elements 135. These flexible elements 135 may permit movement in
a 360 degree plane parallel to the plane of the base 105, movement in a transverse
direction perpendicular to the plane of the base 105, or both.

[00038] As seen more specifically in Figure 3, in one embodiment, the ﬂexible

elements 135 may be used to connect the flexible holder 115 to the holder base 105. In

11
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this embodiment, two sets of flexible elements 135 are used, as well as an intermediate
holder 140. The intermediate holder 140 and flexible elements 135 may be used to
provide flexibility along one axis, such as along the x-axis as shown in Figure 3, whereas
the flexible elements 135 and flexible holder 115 may be used to provide flexibility along
another axis, such as along the y-axis as shown in Figure 3. However, it is to be
understood that, in some embodiments, no intermediate holder 140 is used and alternate
designs for realizing the flexibility are applied (for example, various flexure
configurations). It is also to be understood that the flexible element 135 embodiment
shown in Figure 3 is for description purposes only. It is not necessary that the flexible
elements 135 be stacked in series. The two-direction flexibility may also be achieved in
parallel. In either case, the natural frequency in the two directions may be selected to
match the tool natural frequency.

[00039] Figure 4 provides an alternative embodiment wherein the workpiece 245 is
held stationary and the machine tool 220 is rotated in a spindle 250. The flexible holder
215 may be connected to the holder base 205 using one or more flexible elements 235.
As with Figures 1-3, the same concepts may be used for adjusting the natural frequency
of the flexible holder 215.

[00040] 1In an alternative embodiment, the flexible holder of the present invention may
be used as part of a complete package or kit for use of the tool that may be used with any
number of currently existing tools. For example, in an embodiment wherein the tool is a
boring bar, the kit may include a base (designed for a single boring bar diameter) and a
set of calibration weights that correspond to different boring bar lengths. These weights
may be added to the kit to enable the dynamic absorber effect for a range of boring bar
lengths within a single comprehensive kit. In use, the user would set the boring bar to the
selected length, select the appropriate calibration weight, attach it to the holder using a
convenient connection, and then begin machining. The kit may be designed such that the
user would require no knowledge of vibrations theory or the operation of dynamic
absorbers to be used. As such, the kit may be designed such that no adjustment is
necessary once the item was purchased. In an alternative embodiment, the kit may also
include a boring bar or other tool with which the flexible holder system may be used.
[00041] The present invention may be used with a variety of different a machine tool

arrangements. It should be understood that the present invention may be applied to any
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situation in which external forces act upon a cantilevered member thereby exciting the
member near its natural frequency and thereby causing excessive and non-beneficial
amplitudes at the free end of the member. Such examples may include, but are not
limited to, a boring bar in which vibration is caused by the oscillating interaction forces
between a cutting element mounted at the free end of the bar and a workpiece, a
horizontal or vertical turning lathe in which vibration is caused by the oscillating
interaction forces between a cutting element mounted at the free end of the lathe ram and
a workpiece, and a horizontal or vertical milling machine in which vibration is caused by
the oscillating interaction forces between a cutting element mounted at the free end of the
mill ram and a workpiece. Other potential uses for the holder of the present invention
include hand tools and chain saws or other manual or automatic cutting operations where
excessive vibrations should be avoided.

[00042] The present invention will now be further described through examples. It is to
be understood that these examples are non-limiting and are presented to provide a better

understanding of various embodiments of the present invention.

EXAMPLES

Example 1

[00043] In this example, the flexible direction for the holder was in the vertical
direction only in order to demonstrate the concept using a simple model.

[00044] The tool used in this example had a diameter of 15.9 mm with an overhang
length (i.e., length protruding from the holder) of six times its diameter or 95.4 mm. The
tool material was assumed to be steel with an elastic modulus of 2x10" N/m?, density of
7800 kg/m®, and a structural damping factor of 0.0015. Calculations were completed
using Euler-Bernoulli beam theory to determine the first mode dynamics of this tool if it
were connected directly to a rigid base in a clamped-free condition (i.e., the flexible
holder was not used). The resulting natural frequency was calculated to be 1240 Hz. The
associated stiffness and viscous damping ratio values were 2.2x10° N/m and 0.0008,
respectively. |

[00045] Next, the flexible holder was defined to have the same natural frequency with
50 times the clamped-free tool’s stiffness and 5 times the damping. The stiffness value

was achieved by design, while the increased damping was realized by adding a foam filler
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in the cavity between the holder and holder base. A comparison of the magnitude of the
vertical displacement-to-force frequency response at the free end of the tool for the
clamped-free (rigid base) and flexible base conditions is shown in Fig. 5. It is seen that
the use of the flexible base leads to a two mode system with six times the dynamic
stiffness (i.e., the ratio of the peak values). This increased stiffness would enable
significantly higher cutting depths with out chatter.

[00046] It is to be understood that while the invention has been described in
conjunction with the specific embodiments thereof, that the foregoing description are
intended to illustrate and not limit the scope of the invention. Other aspects, advantages
and modifications within the scope of the invention will be apparent to those skilled in the
art to which the invention pertains. As used in the specification and in the claims, the
singular form "a," "an," and "the" may include plural referents unless the context clearly
dictates otherwise. Also, as used in the specification and in the claims, the term
"comprising" may include the embodiments "consisting of" and "consisting essentially

of."
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CLAIMS
We claim:
1. An apparatus for reducing vibrations in a machine tool comprising:
a base; and

a flexible holder connected to the base and capable of being connected to a
machine tool;

wherein the flexible holder is connected to the base such that the flexible holder
may move relative to the base;

further wherein the flexible holder is connected to the base such that the

movement of the flexible holder relative to the base occurs at a natural frequency.

2. The apparatus of claim 1, further comprising means for adjusting the

natural frequency of the flexible holder.

3. The apparatus of claim 2, wherein the means for adjusting the natural

frequency of the flexible holder comprises a weight that is attached to the flexible holder.

4, The apparatus of claim 2, wherein flexible holder is connected to the base
using one or more flexible elements, further wherein the means for adjusting the natural
frequency of the flexible holder comprises adjusting a stiffness of the one or more flexible

elements.

5. The apparatus of claim 1, wherein the flexible holder is capable of moving

relative to the base in a 360 degree plane parallel to a plane of the base.

6. The apparatus of claim 1, wherein the flexible holder is capable of moving

relative to the base in a transverse direction perpendicular to a plane of the base.

15
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7. The apparatus of claim 1, wherein the machine tool is selected from a

boring bar, a lathe, a milling machine, a hand tool, or a chain saw.

8. The apparatus of claim 1, wherein the natural frequency of the movement
of the flexible holder relative to the base is substantially similar to a natural frequency of

the machine tool connected to the flexible holder when the machine tool is in use.

9. A method for reducing vibrations in a machine tool comprising:
attaching a holder base to the machine tool;
connecting a flexible holder to the holder base such that the flexible holder may
move relative to the holder base;
| connecting a machine tool to the flexible holder; and
selecting the flexible holder such that as the flexible holder moves relative to the

holder base, this movement occurs at a natural frequency.

10.  The method of claim 9, further comprising the step of adjusting the natural
frequency of the flexible holder.

11.  The method of claim 10, wherein the natural frequency of the flexible
holder is adjusted by a step selected from adding weight to the flexible holder or

removing weight from the flexible holder.

12.  The method of claim 10, wherein the natural frequency of the flexible
holder is adjusted by changing the flexible holder to a flexible holder having a different
weight.

13.  The method of claim 10, wherein flexible holder is connected to the holder
base using one or more flexible elements, further wherein the step of adjusting the natural
frequency of the flexible holder comprises adjusting a stiffness of the one or more flexible

elements.
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14.  The method of claim 9, wherein the flexible holder is capable of moving

relative to the holder base in a 360 degree plane parallel to a plane of the holder base.

15.  The method of claim 9, wherein the flexible holder is capable of moving
relative to the holder base in a transverse direction perpendicular to a plane of the holder

base.

16.  The method of claim 9, wherein the machine tool is selected from a boring

bar, a lathe, a milling machine, a hand tool, or a chain saw.

17.  The method of claim 9, wherein the natural frequency of the movement of
the flexible holder relative to the base substantially matches a natural frequency of the

machine tool connected to the flexible holder when the machine tool is in use.

18.  AKkit for reducing vibrations in a machine tool comprising:

a holder base capable of being connected to a machine tool;

a flexible holder connected to the holder base and capable of being connected to a
machine tool; and

means for adjusting a natural frequency of the flexible holder;

wherein the flexible holder is connected to the holder base such that the flexible

holder may move relative to the holder base.

19.  The kit of claim 18, wherein the means for adjusting the natural frequency
of the flexible holder comprises a plurality of weights that may be connected to the
flexible holder.

20.  The kit of claim 18, further comprising a machine tool.

21.  The kit of claim 20, wherein the machine tool is selected from a boring bar,

a lathe, a milling machine, a hand tool, or a chain saw.

17



WO 2006/010093 PCT/US2005/024467

22.  The kit of claim 18, wherein the flexible holder is capable of moving
relative to the holder base in a 360 degree plane parallel to a plane of the holder base.

23.  Thekit of claim 18, wherein the flexible holder is capable of moving

relative to the holder base in a transverse direction perpendicular to a plane of the holder

base.
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