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ABSTRACT OF THE DISCLOSURE

A tooling system in a press for forming a product from a blank of
material disposed between a punch assembly and a die assembly and a
method of using the same. The tooling system comprises a knockout and a
bushing. The knockout further comprises a shaft having opposed ends, a
plate fixed to one opposed end, and a tapered portion. The bushing is
supported by one of the punch and die assemblies and defines a lumen
configured to slidably receive the shaft for axial movement between an
extended position and a retracted position. The lumen has a tapered
receiving section at one end thereof configured to mate with the tapered

portion of the knockout when the shaft is in the extended position.
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TOOLING SYSTEM
DESCRIPTION OF THE INVENTION

Field of the Invention

[001] The present invention relates generally to tooling systems,
including those used for pressware applications and other material formation
applications. More particularly, the present invention relates to a tooling
system having a die assembly and a punch assembly, wherein at least one of
the die and punch assemblies has a knockout with an anguiar portion that
mates with a corresponding angular portion of a bushing.
Background of the Invention

[002] Tooling systems, including die and punch assemblies
comprising a die set, are mounted in presses and are used for manufacturing
numerous products and components of products. The die and punch
assemblies are used to cut, punch holes in, shape, or otherwise form material,
such as metal, cardboard, plastic, or other stock. The die assembly usually is
in the lower or bottom position of the press and the punch assembly in the
upper or top position, although the punch assembly may be on the bottom and
the die assembly on top. The press, and the die and punch assemblies
mounted therein, may be positioned horizontally, vertically, or at an angle. A
“blank” of material to be formed, i.e., unshaped material, such as a flat sheet
of cardboard or metal, passes between and is clamped by the die and punch
and is held in place while the die and punch come together to form the
material. The blanks pass between the “front sides” of the die and the punch
assemblies, which are the sides facing the blank, as opposed to the "back
sides,” which are the sides of the die and punch assemblies facing away from
the blank. The die and punch assemblies, or a series of die assemblies and
punch assemblies, are activated to form the material into a product or a
component of a product, such as a metal hub cap for a car, a paper cup or

plate (i.e., pressware formation), or a plastic toy, by example only.
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[003] Both the die and the punch assémblies may have knockouts and
bushings for holding the blank in place, assisting in the forming or shaping the
material, and for knocking the formed product out of the die set. Knockouts
commonly have round shafts or stems and may have hardened sleeves
pressed into the main shaft diameter. The knockout shaft is slidably disposed
within the bushing, which has a lumen or bore for receiving the knockout
shaft. A split clamp is clamped around the shaft of the knockout on the back
side of the die (the side opposing the front side that faces the blank), which
holds the knockout in position relative to the bushing and prevents the
knockout from over-extending and sliding out of the front side of the die upon
activation. The knockout shaft typically has a reduced diameter at the spilit
clamp location.

[004] In a system having the die assembly as the bottom of the die
set, the knockout is activated upwards by pressure (pneumatic, hydraulic,
etc.) prior to insertion of the blank, so that the knockout extends upwards
towards the blank on the front side of the die assembly. The knockout is fully
extended when the split clamp reaches the bushing on the bottom side of the
die assembly. When extended, the knockout supports the blank as it enters
the die set and in conjunction with the punch assembly, clamps the blank on-
center during the blank draw-in, and maintains the blank on-center as the
punch assembly forms the product or component. After product formation,
the die knockout is deactivated (i.e., the pressure is released) and the
knockout slides away from the product, retracting into the bushing as the die
set opens, so that the product is not damaged. If the product remains in the
bottom half of the die set, the knockout may be reactivated to extend out of
the die after the die set has reopened to eject or “knock out” the product and
then retract in preparation for receiving the next blank. The knockout is
activated upwards as the next blank enters the die set for product formation,

and the process described above repeats itself.
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[005] The cycling rate of the knockout, meaning the rate at which the
knockout extends and retracts or is activated and deactivated within the die
assembly, varies with the particular tooling application. Typical values for
pressware applications (i.e., the formation of paper plates, bowls, cups, etc.)
under normal conditions is one cycle of the knockout every 1-2 seconds,
where numerous cycles, in excess of 20 million, can be realized by the
knockouts before replacement. Such cycling rates cause wear to the
components. Accordingly, both knockouts and bushings usually are made of
a strong metal, such as steel or iron, to aid in withstanding the wear. For
example, knockouts may be comprised of 1018 steel, and bushings may be
comprised of stainless steel, although other materials may be used.

[006] Notwithstanding the strength of the metals, the die set
components tend to wear out quickly, particularly the bushing, which is the
main wear component. For example, bushings used for pressware
applications typically wear out in a matter of three months. Furthermore,
knockout shafts tend to break where the split clamp attaches at the portion of
reduced diameter due to repeated cycling, heat, and/or excessive loads, such
as when the activation pressure is set too high. This wear and breakage
results in down time for replacing worn components as well as a loss In
product quality as the components wear.

[007] The wear is exacerbated when the press in which the knockout
and bushing operate is positioned at an angle or vertically (i.e., the knockout
moves horizontally), as opposed to horizontally (i.e., the knockout moves
vertically). Even with typical knockout-to-bushing clearances, when the die
set is positioned at an angle, the knockout can tip slightly in its extended
position. Wear of the knockout or the bushing occurs along a linear portion of
the knockout and the bushing due to the friction along the line of contact
between the two components, where the linear contact is created by the effect
of the angle of the press and gravitational forces. Such linear wear causes

the knockout to tip further off-center, resulting in one side of the knockout
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being higher than the other when extended. As the blank is inserted into the
die set, the un-centered knockout that should be supporting the blank may
instead tip slightly and prevent the blank from being drawn in or properly
aligning between the die and the punch assemblies. Furthermore, even if the
blank is properly drawn into the die set, as the knockout retracts during the
material formation process, the blank may be pulled slightly backwards. Worn
knockouts and bushings tend to pull the material even further back, and
visibly off-center, which disrupts the formation process and can adversely
affect the quality of the product formed.

SUMMARY OF THE INVENTION

[008] Accordingly, the present invention is directed to a tooling
system in a press for forming a product from a blank of material disposed
between a punch assembly and a die assembly and a method of using the
same. The tooling system comprises a knockout and a bushing. The
knockout further comprises a shaft having opposed ends, a plate fixed to one
opposed end, and a tapered portion. The bushing is supported by one of the
punch and die assemblies and defines a lumen configured to slidably receive
the shaft for axial movement between an extended position and a retracted
position. The lumen has a tapered receiving section at one end thereof
configured to mate with the tapered portion of the knockout when the shaft is
in the extended position.

[009] The present invention is also directed to a method of operating
an improved knockout in a press for forming a product from a blank of
material disposed between a punch assembly and a die assembly. The
method of operating the improved knockout comprises slidably supporting a
shaft having opposed ends in a lumen defined by a bushing configured in one
of the punch and die assemblies; selectively moving the shaft axially between
an extended position and a retracted position; supporting the blank with a
plate fixed to a first end of the shaft during movement of the shaft from the
extended position to the retracted position; knocking out the product from the
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die assembly during movement of the shaft from the retracted position to the
extended position; and symmetrically engaging a tapered portion fixed to a
second end of the shaft with a tapered recess in the bushing when the shaft is
in the extended position.

[010] Additional objects and advantages of the invention will be set
forth in part in the description which follows, and in part will be obvious from
the description, or may be learned by practice of the invention. The objects
and advantages of the invention will be realized and attained by means of the
elements and combinations particularly pointed out in the appended claims.

[011] Itis to be understood that both the foregoing general
description and the following detailed description are exemplary and
explanatory only and are not restrictive of the invention, as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

[012] The accompanying drawings, which are incorporated in and
constitute a part of this specification, illustrate the various features and
aspects of the tooling system and its method of use in a tooling procedure,
and together with the description serve to explain the principles of the
invention.

[013] Fig. 1 illustrates a cross-sectional view of a press including a
tooling system having a die assembly with a tapered knockout and a bushing
and a punch assembly, consistent with the present invention.

[014] Figs. 2a-2c illustrate an exemplary die assembly wherein a
tapered knockout is extended, consistent with the present invention. Figs. 2a
and 2b are perspective views of the front side and the back side of the die
assembly, respectively, and Fig. 2c illustrates a cross-sectional view of the die
assembly in the position of Figs. 2a and 2b.

[015] Figs. 3a-3c illustrate an exemplary die assembly wherein a
tapered knockout is retracted, consistent with the present invention. Figs. 3a

and 3b are perspective views of the front side and the back side of the die
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assembly, respectively, and Fig. 3c illustrates a cross-sectional view of the die
assembly Iin the position of Figs. 3a and 3b.

[016] Figs. 4a and 4b are cross-sectional and front plan views,
respectively, of an exemplary tapered knockout with a square shaft used in a
tooling system, and Fig. 4c is a section through the piece of the tapered
knockout in Figs. 4a and 4b, consistent with the present invention.

[017] Figure 5a and 5b are cross-sectional and front plan views of an
exemplary bushing with a square shaft receiver used in a tooling system for
guiding the tapered knockout in Fig. 4, consistent with the present invention.

[018] Figs. 6a and 6b are cross-sectional and front plan views,
respectively, of another exemplary tapered knockout with a round shaft used
in a tooling system, and Fig. 6¢ is a section through the piece of the tapered
knockout in Figs. 6a and 6b, consistent with the present invention.

[019] Figure 7a and 7b are cross-sectional and front plan views of
another exemplary bushing with a round shaft receiver used in a tooling
system for guiding the tapered knockout in Fig. 6, consistent with the present
invention.

[020] Figs. 8a-8d illustrate perspective views of a portion of exemplary
tapered knockouts employed in a tooling system, consistent with the present
invention. Fig. 8a illustrates a knockout with a cone-shaped tapered portion;
Fig. 8b illustrates another knockout with a cone-shaped tapered portion; Fig.
8c illustrates a knockout with an obelisk-shaped tapered portion; and Fig. 8d
llustrates a knockout with a pyramid-shaped tapered portion.

[021] Figs. 9a-9d illustrate cross-sectional portions of exemplary
tooling systems consistent with the present invention. Fig. 9a is a partial
cross-section of an embodiment of an unused knockout and bushing of the
present invention. Fig. 9b shows the partial cross-section of the knockout and
bushing of Fig. 9a after being operated at an angle, and illustrates wear to the
tapered knockout and bushing. Fig. 9c is a partial cross-section of another
embodiment of an unused knockout and bushing of the present invention.
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Fig. 9d shows the partial cross-section of the knockout and bushing of Fig. 9c
after being operated at an angle, and also illustrates wear to the tapered
knockout and bushing.

[022] Figs. 10a and 10b illustrate cross-sectional portions of an
exemplary tooling system consistent with the present invention. Fig. 10a is a
partial cross-section of an embodiment of an unused knockout and bushing of
the present invention. Fig. 10b shows the partial cross-section of the
knockout and bushing of Fig. 10a after being operated vertically, and
illustrates wear to the tapered knockout and bushing.

DESCRIPTION OF THE PRESENT INVENTION

[023] Reference will now be made in detail to implementations of the
tooling system as illustrated in the accompanying drawings. Wherever
possible, the same reference numbers will be used throughout the drawings
to refer to the same or like parts.

[024] Figs. 1-10 illustrate preferred embodiments and components of
a tooling system, consistent with the present invention. Advantages of the
tooling system of the present invention are described herein and are
llustrated in the accompanying drawings. For example, the tapered knockout
does not require a split clamp, thus the diameter of the knockout shaft is not
reduced to accommodate the split clamp. As a result, shaft breakage that
presently occurs at the stress point of the reduced diameter after a short
period of use is avoided. Furthermore, the tooling system is self-centering
and self-leveling and reduces wear on the bushing and knockout, thereby
improving product formation. These advantages will become apparent in
discussing the structure and operation of the tooling system.

STRUCTURE OF TOOLING SYSTEM

[025] Figure 1 illustrates an exemplary press 1 containing tooling
system 100, including a die assembly 140 and a punch assembly 130. Press
1 is shown at approximately a 45 degree angle, but press 1 may be situated
horizontally, vertically, or at any angle between horizontal and vertical. Due to
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gravity, however, wear on tooling system 100 is increased when press 1 is
situated vertically or at an angle so that knockout 200 extends and retracts
within press 1 horizontally or at an angle.

[026] Tooling system 100 draws in a blank 150 of material to be
formed by the punch assembly 130 and die assembly 140. Blank 150 may be
paper, cardboard, metal, plastic, or any other material suitable to be molded
or formed. Blank 150 may be drawn into tooling system 100, dropped into
tooling system 100 by gravity, such as when press 1 is positioned horizontally
or at an angle, or otherwise presented to tooling system 100. Punch and die
assemblies 130, 140 then mold blank 150 into a member, such as or product
or component, and tooling assembly 100 kicks or knocks the formed product
out in preparation for receiving another blank 150, as will later be described
with respect to the operation of tooling system 100. It is to be understood that
delivery systems that deliver the blanks to the tooling system, and removal
systems that remove the molded members after the tooling system knocks
them out, are beyond the scope of the present invention.

[027] Exemplary punch assembly 130 includes a base 121, a bushing
400, and a punch 500. Punch assembly 130 may also include a driving
system (e.g., mechanical cam, pneumatic, hydraulic, not shown) to cause
punch 500 to reciprocate within bushing 400. Bushing 400 is mounted to
plate 121 through a hole 181 in plate 121. Bushing 400 is configured to
support punch 500 if punch 500 is static, and to guide punch 500 if it is active,
i.e., the driving system causes punch 500 to reciprocate within bushing 400.
Punch 500 includes a punch shaft 504 connected to a punch plate 502.
Punch shaft 504 and punch plate 502 may be of any shape, depending on the
tooling application. For example, in pressware applications for paper plate
formation, punch plate 502 is round. Bushing 400 has a lumen 402
configured to match the shape of punch shaft 504. All components of punch

assembly 130 may be made of various rigid and strong materials, including,
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but not limited to, metals such as steel, ductile iron, or titanium (if weight
reduction is a concern).

[028] Die assembly 140 is configured to mate with punch assembly
130 to form products, such as paper plates, as shown in Fig. 1. Die assembly
includes a base 120, a die 170, a die support 255, a tapered knockout 200,
and a bushing 300, as shown in Figs. 2 and 3. Figs. 2a and 2b show
perspective views of the front and back sides, respectively, of an embodiment
of die assembly 140 of tooling system 100, and Fig. 2c shows a cross-
sectional view, wherein tapered knockout 200 extends out of die 170. Figs.
3a-3b show the front and back sides, respectively, of an embodiment of die
assembly 140, and Fig. 3c shows a cross-sectional view, wherein tapered
knockout 200 retracts and is flush with die 170. These components of die
assembly 140 may be made of similar rigid and strong materials as those of
punch assembly 130, including but not limited to metals such as steel, ductile
iron, or titanium (if weight reduction is a concern).

[029] Base 120 (Fig. 1) is mounted within press 1 through mount
holes 260. Base 120 supports or mounts bushing 300 and die 170, and may
be of any suitable shape. A hole 180 is cut in base 120 for inserting portions
of bushing 300 and knockout 200. Base 120 may have one or more dowel
pins 122 (Fig. 1) to align bushing 300 and to secure bushing 300 to base 120
or may have screws 330 or an alternative attachment mechanism. Base 120
(Fig. 2) also has mount holes 262 and 264 (Figs. 2b, 3b) for similarly securing
die 170 and die ring 255, respectively, to base 120. Vents 268 in base 120
allow venting of steam, heat, or air. As shown in Figs. 2b and 3b, the back
side of base 120 has grooves 275 to accommodate wires or cables 270 (Fig.
3a).

[030] Die 170 is mounted to base 120 through mount holes 262 and is
the component of die assembly 140 that works in conjunction with punch plate

502 to form a member. In the embodiment of die assembly 140 shown in

Figs. 2-3, die 170 is round and has a rim portion 252 and a groove portion 250
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suitable for forming paper plates. However, die 170 may be of any size or
shape or configuration suited to the particular tooling application in which it is
used. Die base 120 also has a hole 272 through which tapered knockout 200
is operable to project, where hole 272 is configured to match the size and
shape of knockout plate 206.

[031] Die support 155 is mounted on base 120 and surrounds die 170.
Die support 255 has a lumen (not shown) configured to accommodate die
170. Once die 170 is disposed in the lumen of support 255 and they are
mounted on base 120, a gap 165 is formed between die support 255 and die
170.

[032] Tapered knockout 200, shown in more detail in Figs. 4 and 6, is
disposed in bushing 300. Tapered knockout 200 includes a tapered portion
210 formed or attached to the end of a shaft 204, 205 and a knockout plate
206 attached to the opposite end of shaft 204, 205. Tapered portion 202 also
has a hole 202 extending into shaft 204, 205 for insertion of a knockout rod for
activating tapered knockout 200 in conjunction with the drive system (not
shown), the activation of which is known in the art and is beyond the scope of
this invention.

[033] Figs. 4a and 6a illustrate cross-sectional views of tapered
knockout 200 having square shaft 204 and round shaft 205, respectively,
consistent with the present invention. Notably, however, shaft 204, 205 may
be any symmetrical shape, such as a triangle-shaped shaft 211 (Fig. 84d).
Aside from the shape of shaft 204, 205, the knockouts illustrated in Figs. 4a-
4c (square) and 6a-6¢ (round) are otherwise structurally the same. The
difference between shafts 204 and 205 will be discussed In relation to the
operation of tooling system 100. Shaft 204, 205 may be of any size (in terms
of width for a square shaft or diameter for a round shaft) and length. The
width and length is dependent upon, among other things, the tooling
application, the depth of the product being formed, the forming base material,
the size of knockout plate 206 that shaft 204, 205 supports, the draw-in
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location for blank 150 supported by knockout plate 206, and the length of
bushing 300 that guides shaft 204, 205. The width or diameter of shaft 204,
205 is generally uniform, and there is no portion at which the width or
diameter of shaft 204, 205 is significantly reduced.

[034] Tapered portion 202 is configured as a symmetrical taper-shape
and is coupled to or molded on the end of shaft 204, 205, 211. Exemplary
shapes of tapered portion 202 are illustrated in Figs. 8a through 8d, including
conical 202 (Fig. 8a), conical 202 with a step 207 (Fig. 8b), obelisk 201 (Fig.
8c), and pyramid 203 (Fig. 8d). Any symmetrical shape having a portion that
tapers directly into the shaft (Figs. 8a, 8c, 8d), or tapers towards and forms
step 207 with the shaft (Fig. 8b), and is centered with respect to the shaft, is
adequate for the present invention. Moreover, tapered portion 201, 202, 203
IS in no way limited to the shapes depicted in Figs. 8a-8d. Similarly, the shaft
may be round 204 (Figs. 8a, 8b), square 205 (Fig. 8c) or triangular 211 (Fig.
8d), or any other symmetrical shape that is centered with respect to tapered
portions 201, 202, and 203.

[035] The angle (denoted as “x") of the tapered portion 202 illustrated
in Figs. 4a and 6a is approximately 15 degrees with a preferred range of
between S degrees and 45 degrees, although angles as small as 5 degrees
and as large as 85 degrees are consistent with the present invention. The
size (1.e., the smallest area or diameter of tapered portion 202 along a length)
of tapered portion 202 may be the same as the size (i.e., width or diameter) of
shaft 204, 205 to which it attaches or is formed. Alternatively, as shown in
Figs. 2c, 3¢, 8b, 9c¢, and 9d, the smallest area or diameter of tapered portion
202 along a length of tapered portion 202 may be larger than the size, (i.e.,
width or diameter) of shaft 204, 205 to which it attaches or is formed, such
that the top of tapered portion 202 forms step 207 with shaft 204, 205. The
length of tapered portion 202 varies, depending on, among other factors, the
tooling application, the length of shaft 204, 205, and characteristics of bushing
300 that guides shaft 204, 205 and mates with tapered portion 202. There is
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no limitation or preferred rahge for the length or size of tapered portion 202,
the ratio of the shaft length to the taper length, or other such measurements.

[036] Knockout plate 206, which is attached to the opposite end of
shaft 204, 205 from tapered portion 202, is shown in detail from the front in
Figs. 4b and 6b. The size (i.e., diameter or width) and shape of knockout
plate 206 varies with the tooling application, and is illustrated as a disk for
pressware applications as an example only. Knockout plate 206 may include
cutouts 208, which are recessed areas that are cut out of knockout plate 206
for weight reduction purposes. By decreasing the weight of knockout plate
206, the stress and wear on tooling system 100 is also reduced. Although
cutouts 208 are circular in the illustration, they may be of any shape, or in the
form of a groove or other cutout, such that the weight of knockout plate 206
remains evenly distributed and centered. Knockout plate 206 also includes
grooves 212 along its sides. Grooves 212 permit heat, air, and/or steam to
vent. Grooves 212 are optional and exemplary only, and may be replaced by
holes drilled in knockout plate 206, or some other venting mechanism.

[037] Bushing 300, which guides tapered knockout 200, is illustrated
in more detail in Figs. 5 and 7. Bushing 300, which is separable into two
symmetrical sections, a first bushing section 350 and a second bushing
section 360, is mounted to base 120 by attachment plate 304 to define a
lumen 315 having a shaft receiver 320, 321 and a tapered receiving section or
tapered receiver 310.

[038] First and second bushing sections 350 and 360 form bushing
300 when each section 350, 360 is fitted into die base hole 180 and is
attached to die base 120 around tapered knockout 200, as shown in Figs. 1-3.
Each section 350, 360 has a half of attachment plate 304 and is configured
with a half of tapered receiver 310 and shaft receiver 320, as shown in Figs. 5
and 7. When attachment plate 304 for each bushing section 350, 360 is
attached to die base 120, gaps 314 are formed between bushing sections 350
and 360. Bushing 300 is formed as two separate sections in order to dispose
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tapered knockout 200 in bushing 300, as will be described with respect to the
installation of tooling system 100 in the operation section.

[039] Attachment plate 304 is configured to secure bushing 300 (i.e.,
bushing sections 350, 360) to the bottom of base 120 (illustrated in Figs. 1,
2b, and 3b). However, attachment plate 304 could also be secured to the
front side of base 120. As shown in Fig. 1, attachment plate 304 may be
aligned on dowel pins 122 via attachment holes 306 (shown in Figs. 2 and 3),
and may be secured to base 120 with screws 330 or a similar attachment
device through attachment holes 306. Alternatively, bushing 300 may be
otherwise secured to base 120, as long as bushing 300 is replaceable once
worn. Attachment plate 304 also may have vents 308 to allow air, heat, and
steam to escape. Attachment plate 304 and vents 308 are disk-shaped in
Figs. 5b and 7b, but may be any shape.

[040] Attachment plate 304 also defines a back side 304 of bushing
300 that extends out of hole 180 from the bottom side of base 120 (Figs. 1,
2b, 3b), and a front side 316 that extends into hole 180 (Fig. 1). When
tapered knockout 200 is fully retracted, the bottom of knockout plate 206 rests
on front side 316 of bushing 300 and the top of knockout plate 206 is flush
with the bottom of groove 251 of die 170, as shown in Figs. 3a and 3c.

[041] Tapered receiver 310, which is a tapered recess, is configured
to mate with tapered portion 202, as shown in Figs. 1, 9a-9d, and 10a-10b.
The characteristics of tapered receiver 310, such as angle (labeled "y" in Figs.
5a and 7a) and length, therefore are similar to those of tapered portion 202
(such as angle x, length). If tapered portion 202 forms step 207 in meeting
with shaft 204, 205 as previously described, tapered receiver 310 also forms a
step 307 in meeting with shaft receiver 320, as shown in Figs. 2c and 9c.

[042] As shown in Figs. 9a-9d, a gap 309 is created at the juncture of
the top of tapered portion 202 and the top of tapered receiver 310. For the
embodiment in which tapered portion 202 tapers into shaft 204, as shown in

Figs. 9a-9b, the length of tapered receiver 310 (designated "/,") is slightly
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shorter than the length of tapered portion 202 (designated “/1"). For the

embodiment in Figs. 9¢-9d in which step 207 is formed, the length of the
length /; of tapered receiver 310 is longer than the length ¢4 of tapered portion

202. The purpose of these length differences will be described with respect to
the operation of tooling system 100.

[043] Shaft receiver 320, 321, adjacent to tapered receiver 310, is a
lumen or bore configured to match the size and shape of shaft 204, 205 of
tapered knockout 200, as illustrated in Figs. 2c, 3c, 5, and 7. In Figs. 5a and
&b, shaft receiver 320 is square to correspond to square shaft 204 in Figs. 4a-
4c. Another exemplary bushing 300 with a round shaft receiver 321 is
llustrated in Figs. 7a and 7b, which corresponds with shaft 205 in Figs. 6a-6c¢.
Although these illustrations depict shaft receiver 320, 321 as square or round,
shaft receiver 320, 321 is configured to match the shape of shaft 204, 205,
which may be of any symmetrical shape. Aside from the shape of shaft
receiver 320, 321, bushings 300 illustrated in Figs. 5a-5b (square) and 7a-7b
(round) are otherwise similar structurally. The difference between shaft
receivers 320, 321 will be discussed in relation to the operation of tooling
system 100. Regardless of the shape of shaft receiver 320, 321, it must be
slightly larger than the width or diameter of the shaft disposed therein to
permit the shaft to slide within it, and preferably is 0.004 to 0.007 inches larger
than shaft 204, 205 before use has worn the components and increased the
tolerance.

OPERATION OF TOOLING SYSTEM

[044] Generally speaking and as shown in Fig. 1, after tooling system
100 is installed in press 1, tapered knockout 200 and punch 130 are activated
to form products or components from blanks 150. [nstallation of tooling
system 100 occurs each time a component is worn and needs to be replaced.
Given the reduced wear and the reduced effect of wear of tooling system 100,
which will be discussed with respect to Figs. 9 and 10, installation procedures

do not have to be conducted as often in the present system.



CA 02420706 2003-03-04

15

[045] Figs. 1-3 serve to illustrate the installation of some of the
components of tooling system 100. By example only, the installation of
various components in die assembly 140 will be explained. To install tooling
system 100 in press 1, die support 255 is mounted on base 120 and die 170
IS inserted in die support 255 and secured to the front side of base 120.
Tapered knockout 200 is inserted into hole 272 of die 170 and hole 180 from
the front side of base 120, tapered portion-end first, so that shaft 204 projects
through to the backside of die plate 120. Bushing sections 350, 360 are then
placed around the projecting section of shaft 204 of tapered knockout 200 and
bushing front side 316 is inserted onto dowel pin 122 from the backside of
base 120, so that shaft receiver 320 surrounds shaft 204 on the back side of
base 120. Attachment holes 306 of attachment plate 304 are then aligned
with dowel pins 122 of base 120, and attachment plate 304 is secured to base
120 by inserting screws 330 into attachment holes 306 or by dowel pins 122.
Alternative attachment mechanisms may also be used. Tapered knockout
200 is then connected to the driving system by a knockout rod to hole 210 in
tapered portion 202. The driving system and its connection to tooling system
100, which is beyond the scope of the present invention, is configured to
activate the knockout. Notably, any mechanism known in the tooling arts to
activate the knockout may be used with the present invention. At this point,
die assembly 140 and punch assembly 130 are installed and tooling system
100 is ready to operate.

[046] In operation, tapered knockout 200 initially is in the retracted
position, shown in Fig. 3. For example, in pressware applications, the top of
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