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A machine tool holding device (2) having a tool
holder (12) with raised locating teeth (16), that engage
with channels (14) formed in a tool chuck (8), wherein
the tool chuck (8) has an internal cavity (22) formed
therein for receiving a clamping mechanism (24). The
clamping mechanism (24) includes an adjustable plunger
(32) that has a contoured end (37) that engages with a
draw bar (18). The draw bar (18) pulls the tool holder
(12) into engagement with the tool chuck (8) to maintain
the relationship of the two parts, as well as ensures the
proper location of the assembly.




AL
AM
AT
AU
AZ
BA
BB
BE
BF
BG
BJ

BY
CA
CF
CG
CH
CI
CcM
CN
CuU
Ccz
DE
DK
EE

Codes used to identify States party to the PCT on the front pages of pamphlets publishing international applications under the PCT.

Albania
Armenia
Austria
Australia
Azerbaijan
Bosnia and Herzegovina
Barbados
Belgium
Burkina Faso
Bulgaria

Benin

Brazil

Belarus

Canada

Central African Republic
Congo
Switzerland
Cote d’Ivoire
Cameroon
China

Cuba

Czech Republic
Germany
Denmark
Estonia

ES
FI
FR
GA
GB
GE
GH
GN
GR
HU
1E
1L
IS
IT
JP
KE
KG
Kp

KR
KZ
LC
LI

LK
LR

FOR THE PURPOSES OF INFORMATION ONLY

Spain

Finland

France

Gabon

United Kingdom
Georgia

Ghana

Guinea

Greece

Hungary

Treland

Tsrael

Tceland

Ttaly

Japan

Kenya
Kyrgyzstan
Democratic People’s
Republic of Korea
Republic of Korea
Kazakstan

Saint Lucia
Liechtenstein

Sri Lanka

Liberia

LS
LT
LU
LV
MC
MD
MG
MK

ML
MN
MR
MW
MX
NE
NL
NO
NZ
PL
PT
RO
RU
SD
SE
SG

Lesotho

Lithuania
Luxembourg

Latvia

Monaco

Republic of Moldova
Madagascar

The former Yugoslav
Republic of Macedonia
Mali

Mongolia

Mauritania

Malawi

Mexico

Niger

Netherlands

Norway

New Zealand

Poland

Portugal

Romania

Russian Federation
Sudan

Sweden

Singapore

SI
SK
SN
SZ
D
TG
TJ
™
TR
TT
UA
UG
us
UZ
VN
YU
A

Slovenia

Slovakia

Senegal

Swaziland

Chad

Togo

Tajikistan
Turkmenistan
Turkey

Trinidad and Tobago
Ukraine

Uganda

United States of America
Uzbekistan

Viet Nam
Yugoslavia
Zimbabwe




10

15

20

WO 00/53361 PCT/US00/06513

TOOL HOLDER

BACKGROUND OF THE INVENTION
FIELD OF THE INVENTION

The present invention relates to a machine tool holding device. More
particularly, the present invention relates to a machine tool holding device having a
tool chuck with clamping mechanism, tool holder. With even more particularity, the
present invention relates to a machine tool holding device having a tool holder with
raised locating teeth, that engage with channels formed in the tool chuck, wherein
the tool chuck has an internal cavity formed therein for receiving the clamping
mechanism.

DESCRIPTION OF THE BACKGROUND ART

There exists the need for a tool holding device that is easy to clean, has a low
wear resistance, allows for variation in sizing of holders and is easy to load and
operate and has accurate repeatability of the holder’s location. There also exists the
need for a tool holding device that is solid and stable for heavy milling operations.

Various tool holding devices are known in the art, for example, U.S. Patent
No. 4,855,558 discloses a clamping device having a plurality of posts extending
from the chuck which has two rails projecting from its underside. The clamping
device further includes a tool holder having two slots formed therein, that have

elastic lips for abutting with the two rails.
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The referenced invention does not provide central channels for receiving

various size tool holders with raised location teeth, nor does the invention disclose a
clamping mechanism with a contoured clamp and rollers to prevent bending of the
draw bar as the clamp is engaged. The above referenced invention is also deficient,
as it does not provide a solid contact area, which may have a damping effect to
control the vibrations of the tool holder during use. The flexible lips by their nature
do not provide the desired contact area and stability to provide a damping effect.

It is an object of the present invention to cure those deficiencies outlined
above, by providing a tool holder with locating teeth that allow for different sizes of
holders to be used with a common chuck. It is also an object of the present
invention to provide a tool chuck having a roller mechanism included with the
clamping mechanism to prevent bending of the draw bar as the clamp is engaged. It
is a further object of the invention to provide a tool holder with a solid contact area
to provide a damping effect for vibrations produced during milling or grinding
operations.

SUMMARY OF THE INVENTION

There is provided an apparatus for detatchably connecting a tool to a
manipulating device. The apparatus includes a tool chuck that has an internal cavity
formed therein and an exposed frontal surface and a center bore. The frontal surface
of the tool chuck has a plurality of channels formed therein. The channels have

angled side walls and extend radially outward from the center of the frontal surface.



10

15

20

WO 00/53361 PCT/US00/06513

- 3 -
The apparatus also includes a tool holder having a plurality of raised locating

teeth that have angled sides and extend radially from a center. The locating teeth
align with the channels when the tool chuck and tool holder are mated to locate the
tool holder.

The apparatus further includes a draw bar extending from the center the of
the tool holder. The draw bar has a contour to mate with a clamping mechanism.

The apparatus also includes a clamping mechanism disposed within the
internal cavity of the tool chuck. The clamping mechanism has an opening that
aligns with the center bore of the tool chuck to receive a distal end of the draw bar
when the draw bar is engaged. The clamping mechanism also includes a plunger
that is threadably engaged within the clamping mechanism. The plunger has a
contoured end for engagement with the contour of the draw bar to firmly pull the
tool holder into engagement with the tool chuck and maintain the relationship of the
tool holder and tool chuck.

BRIEF DESCRIPTION OF THE DRAWINGS
Advantages of the present invention will be readily appreciated, as the

same becomes better understood by reference to the following detailed description
when considered in connection with the accompanying drawings wherein:

Figure 1 is a perspective view of a machine, tool chuck, and tool holder.

Figure 2 is an exploded view of the tool chuck and clamping mechanism.

Figure 3 is a cross sectional view of the tool chuck and the tool holder in

functional engagement.
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Figure 4 is a side view of the tool holder and tool chuck.

Figure 5 is a partial sectional view of the tool holder and tool chuck.

Figure 6 is a bottom view of the tool chuck showing the roller mechanism.

Figure 7 is a top view of the recess and roller mechanism.

Figure 8 is a top view of the recess and roller mechanism of an alternative
embodiment.

Figure 9 is a top view of the clamping mechanism.

Figure 10 is a side view of the draw bar.

Figure 11 is a bottom view of a large tool holder.

Figure 12 is a top view of a large tool holder.

Figure 13 is a top view, side view and end view of the plunger and screw.

Figure 14 is a photographic view of the tool chuck, clamping mechanism and
two different size tool holders with draw bars.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

Referring to the Figures, wherein like numerals indicate like or corresponding
parts throughout the several views, Figure 1 generally shows an apparatus 2 for
detachably connecting a tool 4, such as an electrode, to a machine, such as for example
an EDM machine 6. The apparatus 2 includes a tool chuck 8 which mounts to the end
platen or table of a machine, such as an EDM machine, mill grinder, lathe, or spin
grinding fixture. The tool chuck 8 has a square or round configuration, with one side
having a finished surface for mating with the machine 6, and an opposite side which is

finished for receiving a tool holder 12. The tool holder 12 mounts adjacent the frontal
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surface 10 of the tool chuck 8. The frontal surface 10 includes a plurality of channels

14. The channels 14 have a defined width and depth, and are beveled on each side. In
the preferred embodiment, the tool chuck 8 will have four channels 14 extending
outward from a center of the frontal surface 10. It will be understood by those skilled
in the art that the number of channels 14 can be any number of at least two.
Preferably, the channels 14 are spaced symmetrical around the frontal surface 10, and
all join at the center. Even more preferably, the channels 14 are perpendicular to each
other.

A machine tool or electrode 4 is mounted to the tool holder 12. Typically, the
electrode 4 or work piece is mounted to the tool holder 12 with screws. As shown in
Figure 1, alternatively the tool 4 can be mounted into an adapter 15 which is in turn
mounted to the tool holder 12 with screws. Preferably, the tool 4 is a graphite or
copper electrode for an EDM machining process or a work piece to be machined. It
will be understood by those skilled in the art that various different machining tools or
work pieces could be mounted to the tool holder 12, such as for example, metal or
plastic parts to be milled or turned. The opposite side of the tool holder 12 is
configured for mounting to the tool chuck 8. The tool holder 12 is equipped with
raised locating teeth 16 that align with the channels 14 in the frontal surface 10 of the
tool chuck 8. These teeth 16 have a defined height and width and are beveled on each
side at an angle which is preferably equivalent to the beveled angle on the channel 14
walls. Referring to Figures 4 and 5, in the preferred embodiment, the channel 14 has a

first section 14a near the top of the channel 14 where the wall is beveled inward at an
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angle ranging from 0 to 60 degrees as measured from a line perpendicular to the frontal

surface 10. The channel also has a second section 14b where the wall continues to a
flat bottom 14c of the channel 14 to meet the bottom 14c of the channel
perpendicularly. The bottom 14c of the channel 14 is flat and parallel to the frontal
surface 10.

Referring to Figures 4 and 5 the locating teeth 16 have beveled sides to
correspond to the beveled walls of the channels 14. In the preferred embodiment, the
locating teeth 16 have a first section 16a nearer to the base of the tool holder 12 where
the angle of the side is in the range of 0 to 60 degrees, preferably, 20 degrees as
measured from a line perpendicular to the top surface of the tool holder 12. This first
section 16a corresponds to the first section 14a of the channel 14. The locating teeth
16 also include a second section 16b nearer to a tip 16¢ of the locating teeth 16 where
the angle of the side wall is in the range of 10 to 80 degrees, preferably, 45 degrees
from a line perpendicular to the surface of the tool holder 12. The second section 16b
of the locating teeth 16 acts as a lead-in to make the insertion of the locating teeth 16
into the channels 14 easier. The tip 16¢ of the locating teeth 16 is generally flat and
parallel to the flat bottom 14c of the channel 14. When the tool holder 12 is engaged
to the tool chuck 8, the beveled sides 16a of the locating teeth 16 are in contact with
the beveled sides 14a of the channel 14. The locating teeth 16 on the tool holder 12
and the channels 14 on the tool chuck 8 align with each other to allow the tool holder

12 to be mounted to the tool chuck 8 quickly while insuring that the tool holder 12 is
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located at the exact center of the tool chuck 8, as well as maintaining the proper radial

alignment of the tool holder 12.

The tool holder 12 is also equipped with a draw bar 18 extending from a center
of the tool holder 12 on the same side as the locating teeth 16. The draw bar 18 is
contoured with an annular groove 20 at a distal end 21 thereof. The groove 20 has a
generally hourglass configuration with upper and lower inward sloping surfaces and a
minimum diameter at a center which is less than the overall diameter of the draw bar
18.  Figure 2 is a partial view of the tool chuck 8 from the side which connects
towards the machine 6. Referring to Figures 2 and 6, the tool chuck 8 includes an
internal cavity 22 which houses a clamping mechanism 24, and a circular bore 26, see
Figure 1, in the center of the frontal surface 10 that extends into the inner cavity 22.

The clamping mechanism 24 slides into the cavity 22 of the tool chuck 8
through an opening 28 in a side of the tool chuck 8.

Further included within the cavity 22 are two recesses 80, 82 which house
roller mechanisms 84, 86 to facilitate engagement of the clamping mechanism 24 with
the draw bar 18 and to minimize application of a side load to the draw bar 18, which
can result in inaccurate positioning of the tool holder 12. The recesses 80, 82 may be
of various shapes to accommodate various roller mechanisms 84,86. The roller
mechanisms 84, 86 prevent the clamping mechanism 24 from binding frictionally with
the tool chuck 8 when engaging the clamping mechanism. The roller mechanisms 84,
86 minimize the frictional resistance outlined above and minimize the side load

applied to the draw bar 18. With reference to Figures 6 and 7, the roller mechanisms
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84, 86 have a cylindrical roller 88 and a biasing spring 90. The spring 90 may be in the

shape of a bone as shown in Figure 7, or alternatively the spring 90 may be in the
shape of an arc as shown in Figure 8. Various other configurations of springs may also
be used by the present invention, such as a coiled spring and other known spring
configurations. The spring can be made of plastic or other appropriate material having
the necessary ﬂeiibility and spring memory return, such as steel. The cylindrical roller
88 and biasing spring 90 are positioned within the recesses 80, 82 such that the
cylindrical roller 88 is positioned slightly above the top surface of the cavity 22 of the
tool chuck 8. This relationship allows for smooth operation of the clamping
mechanism 24. The biasing spring 90 maintains the cylindrical roller 88 within the
recesses 80, 82, as well as, positions the cylindrical roller 88 in its initial or starting
position after release of a load to keep the cylindrical roller 88 in an appropriate
position to enable smooth movement of the clamping mechanism 24 the next time it is
engaged.

Alternatively, the roller mechanisms 84, 86 of the present invention may be
housed in a configuration other than the recesses 80, 82 mentioned above. The roller
mechanisms 84, 86 may be held by a plate or cage, so long as the roller mechanisms
84, 86 are maintained in an appropriate position to engage the clamping mechanism
24.

The roller mechanisms 84, 86 provide a superior means of facilitating
engagement of the clamping mechanism 24, as compared to other means known in the

art. For example, it is known that a piece of Teflon plastic may be positioned within
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an opening to provide a reduced frictional resistance. The friction of the Teflon

however has been shown to lock the movement of the clamping mechanism 24
resulting in the deflection of the draw bar 18 by two thousandths of an inch or more,
resulting in a less accurate positioning of the tool holder 12. The roller mechanism of
the present invention has shown deflection of the draw bar 18 of only .0002 of an inch
or less to provide a superior location for the tool holder 12.

Preferably, the clamping mechanism 24 slides into an opening 28 in a side that
is adjacent to the frontal surface 10. A cover plate 29 is used to cover the opening 28
and retain the clamping mechanism 24. The clamping mechanism 24 has a circular
opening
30 at a distal end which is large enough to easily accommodate the draw bar 18 portion
of the tool holder 12.

With reference to Figures 3 and 9, the clamping mechanism 24 is equipped
with a plunger 32 which extends into the opening 30 at the distal end of the clamping
mechanism 24.

The hole in the clamping mechanism 24 allows the plunger 32 to slide into and
out of the opening 30 at the distal end of the clamping mechanism 24, but does not
allow the plunger 32 to fall completely out of the clamping mechanism 24. The
clamping mechanism 24 also includes two fixed clamping members 34 which are
located along the inner surface of the opening 30 in the clamping mechanism 24
opposite the plunger 32. The plunger 32 is controlled by a drive screw 36 which when

tightened forces the plunger 32 to extend outward into the opening 30 in the clamping



10

15

20

WO 00/53361 PCT/US00/06513

- 10 -
mechanism 24. When the drive screw 36 is loosened, the plunger 32 is pulled back by

the screw 36 into the clamping mechanism 24 as the draw bar 18 is removed or
reinstalled. Alternatively, a biasing means could be included to cause the plunger 32
to retract automatically when the drive screw 36 is loosened. Preferably, a distal end
37 of the plunger 32 is angled to correspond to the angle of the sloped surface of the
groove 20 at the distal end 21 of the draw bar 18.

Referring to Figure 3, when the plunger 32 is positioned in the tool chuck 8,
the circular opening 30 at the distal end of the clamping mechanism 24 is concentric
with the circular bore 26 in the tool chuck 8. As the tool holder 12 is mounted to the
tool chuck 8, the draw bar 18 is inserted into the bore 26 in the tool chuck 8 and the
distal end of the draw bar 18 extends into the inner cavity 22. In this position the
draw bar 18 will extend into the opening 30 at the distal end of the clamping
mechanism 24. When the draw bar 18 of the tool holder 12 is within the opening 30
in the clamping mechanism 24, the plunger 32 extends out to engage the draw bar 18
such that the angled end 37 of the plunger 32 contacts the upper sloped surface 21 of
the groove 20. Preferably, the plunger 32 and the draw bar 18 are perpendicular to
each other when they are engaged.

When the angled end 37 of the plunger 32 exerts a lateral force against the upper
sloped surface of the groove 20 in the draw bar 18, the draw bar 18 is forced against
the two fixed clamping members 34. The resultant force exerted on the draw bar 18
as the plunger 32 extends into the opening 30 forces the sloped surface of the groove

20 to slide along the angled surface of the plunger 32 and fixed members 34. The
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draw bar 18 is prevented from movement in the lateral direction by the two fixed

clamping members 34. The plunger 32 is prevented from movement in the vertical
direction by the body of the clamping mechanism 24. Therefore, the plunger 32 can
only continue to extend laterally, and the relative movement between the sloped
surface of the groove 20 and the angled surface of the plunger 32 is translated into
v'crcical movement of the draw bar 18. Therefore, the force of the plunger 32
extending against the draw bar 18 acts to pull the draw bar 18 upward into the tool
chuck 8, until the flat tips 16¢ and side walls of the locating teeth 16 are locked in
contact with the flat bottom 14c¢ and side walls of the channels 14. The locating
teeth 16 and channels 14 align the tool holder 12 centrally and radially.

Referring to Figures 4 and 5, prior to engagement with the clamping
mechanism 24 a clearance exists between the flat tip 16¢ of the locating teeth 16 and
the flat bottom 14c¢ of the channel 14. Preferably, this clearance is on the scale of 0.0
to 0.0005 inches. When the clamping mechanism 24 and the plunger 32 act to pull the
draw bar 18 upward into the tool chuck 8, the flat tip 16¢ and side walls of the locating
teeth 16 come into contact with the flat bottom 14c and side walls of the channel 14 at
apoint A. At this point the tool holder 12 is in the “locked” position. As illustrated in
Figures 4 and 5, when locked, the first section 16a also engages the first section 14a.

Referring to Figures 3 and 10, there is shown a rubber seal 56 which seals
against the distal end of the draw bar 18. The draw bar 18 also includes a bore 58
through the center which transfers flush fluid through the draw bar 18 to the tool 4.

When the tool holder 12, the draw bar 18, the clamping mechanism 24 are all
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functionally engaged, the flush fluid flows through the flush mechanism 40, into the

lock member 40, through the draw bar 18, and finally to the tool 4.

When the tool holder 12 is mounted to the tool chuck 8, the locating teeth 16
and channels 14 provide two dimensional location, as well as maintain the proper
radial position, while the draw bar 18 holds the tool holder 12 tightly against the tool
chuck 8 so that the flat tips 16¢ of the locating teeth 16 are locked in contact with the
flat bottom 14c¢ of the channels 14 for location positioning in a third dimension. This
arrangement provides an accurate way to maintain positioning, as well as, an easy way
to change tools 4.

In an alternative embodiment, the flat tips 16¢ of the locating teeth are not
locked in contact with the flat bottom 14c of the channels 14, but rather there is a
clearance maintained along the bottom. The contact is along the side walls of the
locating teeth 16 and channels 14.

With reference to Figures 11 and 12, the tool holder 12 also includes a plurality
of mounting holes 75 for receipt of machine bolts or dowels to bolt onto the electrode
4 other attachments or workpieces. These additional mounting holes 75 provide
additional versatility to the tool holder of the present invention.

The invention has been described in an illustrative manner, and it is to be
understood that the terminology which has been used is intended to be in the naturé of
words of description rather than of limitation.

Obviously, many modifications and variations of the present invention are

possible in light of the above teachings. It is, therefore, to be understood that within
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the scope of the appended claims, the invention may be practiced otherwise than as

specifically described.



WO 00/53361 PCT/US00/06513

- 14 -
CLAIMS

What is claimed is:
1. An apparatus for detachably connecting a tool to a manipulating device,
said apparatus comprising,
5 a tool chuck having an internal cavity, an exposed frontal surface, and a
center bore,
a plurality of channels formed in said frontal surface having angled side
walls and extending radially outward from a center of said frontal surface,
a tool holder having a plurality of raised locating teeth having angled
10 sides and extending radially outward from a center of said tool holder such that
said locating teeth align with said channels in said frontal surface of said tool
chuck for centering said tool holder when said tool holder is in locking
engagement with said tool chuck,
a draw bar extending from said center of said tool holder, said draw bar
15 having contoured features,

a clamping mechanism disposed within said internal cavity of said
tool chuck, said clamping mechanism having an opening which aligns with
said center bore in said tool chuck for receiving a distal end of said draw bar
when said draw bar is engaged with said center bore, and

20 a plunger threadably engaged with said clamping mechanism and
having a contoured end for selective engagement with said draw bar such

that when said plunger is moved into said clamping mechanism said
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contoured end engages said contoured features of said draw bar to firmly pull

said tool holder into engagement with said tool chuck and hold said tool
holder in place.
2. The apparatus of Claim 1, wherein the internal cavity further includes
5 at least one recess formed therein to house a roller mechanism, said recess having a
lower surface and a boundary surface intersecting the lower surface to define the
periphery of the at least one recess.
3. The apparatus of Claim 2, wherein the roller mechanism is seated
within the at least one recess slightly above an upper boundary defined by the top of
10 the boundary surface.
4. The apparatus of Claim 2, wherein the roller mechanism comprises a

cylindrical roller and a biasing spring.

5. The apparatus of Claim 3, wherein the biasing spring is bone shaped.
6. The apparatus of Claim 3, wherein the biasing spring is arc shaped.
15 7. The apparatus of Claim 1, further including a cover plate attached to

the tool chuck for covering the internal cavity and retaining the clamping mechanism
when disposed within the internal cavity.
8. The apparatus of Claim 1, wherein the tool holder is a large tool holder.

9. The apparatus of Claim 1, wherein the tool holder is a small tool

20 holder.



WO 00/53361 PCT/US00/06513

- 16 -
10. The apparatus of Claim 1, wherein the plurality of channels having

angled side walls have angles from zero to sixty degrees, as measured from the frontal
surface.
11. The apparatus of Claim 1, wherein the tool holder further includes a

plurality of mounting holes for attachment of additional components.
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