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CAN END, TOOLING FOR MANUFACTURE OF
THE CAN END AND SEAMING CHUCK ADAPTED TO
AFFIX A CONVERTED CAN END TO A CAN BODY

Field of the Invention
[0001] The present invention relates to can ends, tooling used in a press that is
adapted to manufacture the can end and a seaming chuck adapted to hold and rotate a

converted can end to be secured to a can body.

Background of the Invention

[0002] Beverage containers and more specifically metallic beverage cans are
typically manufactured by affixing a can end to a can body. In some applications, two
ends may be affixed on a top side and a bottom side of a can body. More frequently, a
can end 1s affixed to a top end of a can body, which is drawn and wall ironed (“DWI”)
from a flat sheet of blank material such as aluminum. Due to the potentially high
internal pressures generated by carbonated beverages, both the can body and the can
end are typically required to sustain internal pressures of 90 psi without catastrophic
and permanent deformation. Further, depending on various environmental conditions
such as heat, over fill, high carbon dioxide content, and vibration, the internal pressure
in a beverage may exceed internal pressures of 90 psi. Recently, can end
developments have been focused on engineering various features of the can end
including the chuck wall angle in order to reduce the aluminum content in the can end
and allow the can end to sustain internal pressures exceeding 90 psi. Examples of
these developments can be found in WO 98/34743, WO 02/43895 and WO 02/057148.

[0003] As can be seen from the prior art, can end manufacturers have been
focusing their attention on engineering various features of the can end including the
various angles of the can end chuck wall. Also, can ends must be durable to withstand
high internal pressures, and be manufactured with extremely thin materials such as
aluminum to decrease the overall cost of the manufacturing process and weight of the
finished product. Accordingly, there continuously exists a need for a durable can end,
which can withstand the high internal pressures created by carbonated beverages, and

the external forces applied during shipping, yet, which is made from durable,
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lightweight and extremely thin metallic materials. The following patent application
describes an improved can end with a unique overall geometry from the prior art that
1s adapted to be affixed to a standard can body. Additionally, certain configurations of
the chuck wall reduce the risk of failure along the chuck wall. The improved can end
reduces material usage and will withstand typical internal beverage container
pressures. Tooling used to manufacture the improved beverage can end is also
described in the patent application.

[0004] It has also been found that during the seaming operation of a can end to
a can body significant contact of the seaming chuck with the chuck wall can lead to
deformation of the chuck wall. In those can ends that have several chuck wall angles,
it 1s important to eliminate deformation of the radii of curvature between the various
chuck wall portions to maintain the overall geometry of the can end. Accordingly,
there exists a need for a seaming chuck that does not engage the entire chuck wall
during the seaming operation of a can end to a can body. The following patent
application also describes an improved seaming chuck that engages a portion of the
chuck wall and the countersink during a conventional seaming operation of a can end
to a standard can body.

Summary of the Invention

[0005] Itis an object of the invention to provide a can end with a unique
geometry.

[0006] It is another object of the invention to provide a can end with reduced
metal content than the majority of currently available can ends.

[0007] It is another object of the invention to provide a can end with certain
chuck wall geometries that reduces the risk of catastrophic failure of the can end in the
presence of excessive internal pressure within a beverage container.

[0003] It is another object of the invention to provide tooling that is adapted to
manufacture the can end.

[0009] It is another object of the invention to provide a seaming chuck that has

a recess that avoids deforming radii of curvature in the chuck wall of the can end.
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[0010] Certain objects of the invention are obtained by providing a can end that
is adapted to be affixed to a can body. The can end has a central panel integrally
connected to an inner panel wall, and the connection has a first radius of curvature. A
countersink is integrally connected to the inner panel wall, and the countersink has a
second radius of curvature. A chuck wall 1s integrally connected to the countersink,
and the chuck wall has three chuck wall sections. A first chuck wall is integrally
connected to the countersink, and the first chuck wall has an angle 6, of 20° to 35° as
measured from an axis perpendicular to the central panel. A second chuck wall 1s
integrally connected to the first chuck wall, the second chuck wall has an angle 0, of
4° to 27° as measured from the axis, and the connection has a third radius of curvature.
A third chuck wall is integrally connected to the second chuck wall, the third chuck
wall has an angle 05 of 18° to 32° as measured from the axis, and the connection has a
fourth radius of curvature. An end wall is integrally connected to the third chuck wall,
the end wall 1s adapted to be affixed to a flange of a can body, and the can end has a
preselected panel depth and a preselected countersink depth. Other objects of the
invention are obtained by providing tooling that 1s adapted to manufacture the can end
previously described. Other objects of the invention are obtained by providing a
seaming chuck that is adapted to avoid engagement with portions of the chuck wall
and the third radius of curvature and the fourth radius of curvature of the can end
previously described.

Brief Description of the Drawings

[0011] FIG. 1 1is a cross sectional view of a can end of the invention;

[0012] FIG. 2 is an enlarged cross sectional view of the countersink of the
invention;

[0013] FIG. 3 1s a cross sectional view of the tooling adapted to manufacture
the can end of the invention;

[0014] FIG. 4 is a cross sectional view of the roller and the seaming chuck
adapted to seam the converted can end of the invention to a can body; and

[0015] FIG. 5 1s a cross sectional view of the roller and the seaming chuck

showing the converted can end of the invention seamed to a can body.
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Detailed Description of Preferred Embodiments

[0016] Referring now to FIGS. 1-2, a cross sectional front elevational view of
the invention is provided. A can end 10 1s shown that has a circular end wall 12, a
chuck wall 20, a countersink 22, a central panel 24 and an inner panel wall 26 that
connects the countersink 22 to the central panel 24. The chuck wall 20 1s divided into
a first chuck wall 14, a second chuck wall 16 and a third chuck wall 18. The first
chuck wall 14, second chuck wall 16 and third chuck wall 18 each have an angle of

inclination of 01, 0, 03, respectively, with respect to an axis 28 perpendicular to the
central panel 24. As noted, the central panel 24 is connected to the countersink 22 by
the inner panel wall 26. The inner panel wall 26 can have an angle of inclination, o,

with respect to the axis 28 of about 0° to 5°. The transition from the central panel 24
to the inner panel wall 26 has a radius of curvature, R;. R;may have a length of about
0.010 inch to 0.020 inch. In FIG. 2, R; 1s shown with a length of 0.015 mch. The
countersink 22 has a radius of curvature, R,. R, may have a length of about 0.010 1inch

to 0.020 inch. In FIG. 2, R, 1s shown with a length of 0.015 inch. The countersink 22

is connected to the first chuck wall 14, which has an angle of 0;. 0; may have an angle

of about 20° to 35° and preferably about 20° to 30°. In FIG. 2, 0, is shown with an

angle of 25°. The first chuck wall 14 is connected to second chuck wall 16. The

transition from the first chuck wall 14 to the second chuck wall 16 has a radius of

curvature, R3. R3 may have a length of about 0.040 inch to 0.080 inch. In FIGS. 1-2,
R; is shown with a length of 0.060 inch. The second chuck wall 16 has an angle 0,
that may have an angle of about 4° to 27°, and preferably about 5° to 15°. In FIG. 2,
0, is shown with an angle of 12°. The second chuck wall 16 1s connected to the third

chuck wall 18. The transition from the second chuck wall 16 to the third chuck wall
18 has a radius of curvature, R4. R4 may have a length of about 0.040 inch to 0.120
inch and preferably about 0.060 inch to 0.100 inch. In FIGS. 1-2, R, is shown with a

length of 0.080 inch. The third chuck wall 18 has an angle 05 that may have an angle

of about 18° to 32°, and preferably about 20° to 27°. In FIG. 1, 05 is shown with an

angle of 24.5°. The third chuck wall 18 transitions to end wall 12 through three
different radii of curvature, Rs through R;. Rs may have a length ot about 0.068 inch

4
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to 0.082 inch. In FIG. 1, R is shown with a length of 0.070 inch. R¢ may have a
length of about 0.217 inch to 0.221 inch. In FIG. 1, R¢ is shown with a length of 0.219
inch. R, may have a length of about 0.025 inch to 0.035 inch. In FIG. 1, Ry 1s shown
as having a length of 0.030 inch.

[0017] While FIGS. 1-2 display a size 202 diameter can end 10, the present
invention would be equally applicable to other diameter can ends as well. The
invention would most likely be used in connection with 200, 202, 204 and 206
diameter can ends. The numbers 200, 202, 204 and 206 refer to industry standard
designations for the diameter of can ends. For example, a 202 diameter can end is
equivalent to a 2 and 2/16 inch diameter after the can end is seamed onto a can body.
A 204 diameter can end is equivalent to a 2 and 4/16 inch diameter after the can end 1s
seamed onto a can body. Panel diameter d; may have a length of about 1.80 inches to
1.84 inches and preferably about 1.815 inches to 1.825 inches. In FlG. 1, d, 1s shown
with a length of 1.82 inches. As can be appreciated, the length of d; could decrease
for 200 diameter can ends or increase for 204 and 206 diameter can ends. Curl
diameter d, may have a length of about 2.330 inches to 2.345 inches. In FIG. 1, d; 18
shown with a length of 2.334 inches. As can be appreciated, the length of d, could
decrease for 200 diameter can ends or increase for 204 and 206 diameter can ends.

[0018] The panel depth h; may have a height of about 0.060 inch to 0.080 inch
and preferably about 0.065 inch to 0.075 inch. In FIG. 1, hy is shown with a height of
0.075 inch. Curl height h, may have a height of about 0.077 inch to 0.082 inch. In
FIG. 1, h, is shown with a height of 0.79 inch. Countersink depth h; may have a
height of about 0.235 inch to 0.250 inch and preferably about 0.240 inch to 0.245 inch.
In FIG. 1, h; is shown with a height of 0.241 inch.

[0019] Table 1 provides examples of can ends 10 with various 0; angles that
can fall within the scope of the invention. While the examples in Table 1 vary in 0; by

increments of 2° or 3°, it should be noted that ©; may have a value anywhere between

20° to 35°.
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Table 1
Examples of 0, Dimensions for 202 Diameter Can Ends
Example 0, 0, 05 0
1-1 i ZOO BB E; 55‘3“ 1°
2-1 22° 12° 25° 1°
3-1 24° 12° 25° 1°
4-1 26° 12° 25° 1°
5-1 28° 12° 25° 1°
6-1 30° 12° 25° 1°
7-1 32° 12° 25° 1°
8-1 35° 12° 25° 1°

[0020] Table 2 provides examples of can ends 10 with various 0, angles that

can fall within the scope of the invention. While the examples in Table 2 vary in 9, by
increments of 3° or 4°, it should be noted that 0, may have a value anywhere between
4° to 27°.

Table 2

Examples of 0, Dimensions for 202 Diameter Can Ends

 Example | 6, | 0, | 6 | @
1-2 25° 4° 25° 1°
2-2 25° 8° 25° 1°
3-2 25° 12° 25° 1°
4-2 25° 16° 25° 1°
5-2 25° 20° 25° 1°
6-2 25° 24° 25° 1°
7-2 25° 27° 25° 1°

[0021] Table 3 provides examples of can ends 10 with various 03 angles that

can fall within the scope of the invention. While the examples in Table 3 vary in 05 by

increments of 2°, it should be noted that 0; may have a value anywhere between 18° to

32°.
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Table 3
Examples of 0; Dimensions for 202 Diameter Can Ends
_ Example | 6, | 6 | 6 Q
1-3 25° 12° 18° 1°
2-3 25° 12° 20° 1°
3-3 25° 12° 22° 1°
4-3 25° 12° 24° 1°
5-3 25° 12° 26° 1°
6-3 25° 12° 28° 1°
7-3 25° 12° 30° 1°
8-3 25° 12° 32° 1°

10022]

Table 4 provides examples of can ends 10 with various ¢ angles that can

fall within the scope of the invention. While the examples in Table 4 vary in ¢ by

increments of 1°, it should be noted that ¢ may have a value anywhere between 0° to

5°.
Table 4
Examples of @ Dimensions for 202 Diameter Can Ends
Example 91 92 63 ()
1-4 25° 12° 25° 0°
2-4 25° 12° 25° 1°
3-4 25° 12° 235° 2°
4-4 25° 12° 25° 3°
3-4 25° 12° 25° 4°
6-4 25° 12° 25° S°

[0023]

In Tables 1-4, it should be noted that the examples may have a: (1) 0,

between 20° to 35° or any value within that range; (2) 0, between 4° to 27° or any

value within that range; (3) 0; between 18° to 32° or any value within that range; (4) ¢

between 0° to 5° or any value within that range; (5) R, length between 0.010 inch to
0.020 1nch or any value within that range; (6) R, length between 0.010 inch to 0.020

inch or any value within that range; (7) Rs length between 0.040 inch to 0.080 inch or

any value within that range; (8) R4 length between 0.040 inch to 0.120 inch or any

value within that range; (9) Rs length between 0.068 inch to 0.082 inch or any value
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within that range; (10) Rg length between 0.217 inch to 0.221 inch or any value within
that range; (11) Ry length between 0.025 inch to 0.035 inch or any value within that
range; (12) hy depth between 0.060 1nch to 0.080 inch or any value within that range;
(13) h, height between 0.077 inch to 0.082 inch or any value within that range; and
(14) h; depth between 0.235 inch to 0.250 inch or any value within that range.

[0024] On the average, the overall geometry of the can end of the present
invention has been found to utilize around 7.1% less metal than the majority of
currently available can ends. As can be appreciated, a can end manufacturer that
utilizes the present invention would realize substantial monetary savings by reducing
the amount of end stock that is needed to manufacture a can end. Additionally, a
certain chuck wall geometry of the can end 10 of the present invention has been found
to reduce the risk of catastrophic failure along the chuck wall 1n the presence of
excessive 1nternal pressure within a beverage container. Such a feature 1s an
improvement over prior art can ends that are susceptible to catastrophic failure along

the chuck wall. An example of a can end 10 geometry that has been found to reduce

the risk of failure along the chuck wall is as follows: 0; is about 25°, 6, is about 12°,

05 1s about 24.5°, R, 1s about 0.015 inch, R, is about 0.015 inch, R5 1s about 0.060
inch, R, 1s about 0.080 inch, h; 1s about 0.075 inch, h, 1s about 0.79 inch, and h5 18

about 0.241 inch. As can be appreciated, there may be other can end 10 geometries
that fall within the scope of the present invention that have an overall geometry that
will reduce the risk of catastrophic failure along the chuck wall as well.

[0025] With regard to the embodiments discussed herein, the improved strength
characteristics and reduced costs associated with the can ends are obtained based on
the geometric configurations of the can end, the tooling adapted to manufacture the
can end and the seaming operation of the can end to a can body. The can ends are
typically manufactured from metallic materials such as steel alloys and aluminum
alloys. More commonly, the can ends are manufactured from aluminum alloys such as
5182H19, 5182H48, 5182H481 or S019AH48, which are commonly known in the art.
With regard to the thickness of these aluminum alloys, typically a gauge of between
about 0.0080 inch to 0.0110 inch 1s used, with greater thicknesses required for larger
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diameter can ends. For example, a 200 or 202 diameter can end may utilize an
aluminum alloy with a thickness of about 0.0075 inch to 0.0090 inch. A 204 diameter
can end may use an aluminum alloy with a thickness of about 0.0085 inch to 0.0095
inch and a 206 diameter can end may use an aluminum alloy with a thickness of about
0.0090 inch to 0.0120 inch.

[0026] Having described the can end 10 of the invention, FIG. 3 shows an
example of tooling 30 that is affixed to a standard shell press that is commercially
available in the beverage container industry. As can be appreciated, other tooling
could be developed to be affixed to other commercially available shell presses, and the
tooling 30 of FIG. 3 is only shown as an example of the tooling 30 that can be used to
manufacture the can end 10. The tooling 30 consists of a die center 32, a die core 34,
a die core ring 36 and a pressure ring 38 that are adapted to manufacture the can end
10 described herein with a single stroke of the shell press. The die center 32 1s
slidably disposed within the pressure ring 38 and has a projection 40 that 1s adapted to
form the countersink 22 and the first chuck wall 14 of the can end 10 during actuation
of the shell press. The projection 40 extends outwardly from a generally planar
surface 42 of the die center 32. The die core 34 also has generally planar surface 44.
The planar surfaces 42 and 44 of the die center 32 and die core 34 are adapted to
cooperate with each other during actuation of the shell press to form the central panel
24 of the can end 10. The die core ring 36 has a surface 46 and the pressure ring 38
also has a surface 48. The surfaces 46 and 48 of the die core ring 36 and the pressure
ring 38 are adapted to cooperate with each other during actuation of the shell press to
form the end wall of the can end 10 prior to curling. The surface 46 of the die core
ring 36 is also adapted to form the third chuck wall 18 during actuation of the shell
press. The second chuck wall 16 is formed between the first chuck wall 14 and third
chuck wall 18 without engagement by the tooling 30 during actuation of the shell
press.

[0027] After the can end 10 is formed with the tooling 30 of the invention, the
end wall is typically curled by techniques well known in the art to yield the resultant

end wall 12 as shown in FIG. 1. After curling, the can end 10 is lined in a compound
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liner apparatus. The compound is adhered to the non-public surface of the end wall 12
of the can end 10 to assist in sealing the can end 10 to a can body during the seaming
of the can end 10 to a can body. The compound is typically cured prior to seaming of
the can end 10 to a can body. Next, the can end 10 is typically conveyed to a standard
conversion press that 1s commercially available in the beverage container industry to
convert the can end 10 into an easy open end (“EOE”) with a stay-on tab.

10028] In the manufacture of an EOE, the can end 10 is conveyed to a
conversion press. In the industry, a pre-converted can end is commonly referred to as
a shell. In the typical operation of a conversion press, the can end 10 is introduced
between an upper tool member and a lower tool member, which are in the open,
spaced apart position. A press ram advances the upper tool member toward the lower
tool member in order to perform any of a variety of tooling operations such as rivet
forming, paneling, scoring, embossing and final staking. After performing a tooling
operation, the press ram retracts until the upper tool member and lower tool member
are once again 1n the open, spaced apart position. The partially converted can end 10 is
transported to the next successive tooling operation until an EOE is completely formed
and discharged from the press. As one shell leaves a given tooling operation, another
shell 1s introduced to the vacated operation, thus continuously repeating the entire
EOE manutacturing process. Examples of EOEs can be found in U.S. Patent Nos.
4,465,204 and 4,530,631. For the sake of being concise, a figure showing the can end
10 after conversion has been omitted it being understood that a top plan view of the
EOE would be similar in appearance to the EOE displayed in U.S. Patent Nos.
4,465,204 and 4,530,631. Also, in an alternate embodiment of the invention, the
unique overall geometry of the can end 10 of the present invention may be partially
formed in a shell press and finally formed in the conversion press to yield the can end
10 of the present invention.

[0029] After conversion of the can end 10, the can end 10 is ready to be seamed
to a can body 60 as shown in FIG. 4. It should be noted that FIG. 4 is not drawn to
scale it being noted that F1G. 4 is included for illustrative purposes of the seaming

operation. In FIG. 4, 1t should also be noted for simplicity that the can end 10 is not

10
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displayed as being converted into an EOE it being understood that those features were
intentionally omitted. A seaming chuck 50 is shown that has a projection 52 that is
adapted to engage a portion of the countersink 22 and a portion of the first chuck wall
14. The seaming chuck 50 also has a surface 54 that is adapted to engage a portion of
the third chuck wall 18. The seaming chuck 50 additionally has a recess 56 that is
adapted to avoid engagement with portions of the chuck wall 20 and the radii of
curvature R; and R4. The seaming chuck 50 has the advantage of the recess 56
avolding contact with the radii of curvature R3 and R4. Eliminating this contact
prevents R; and R, from being deformed during the seaming operation. Avoiding
alteration of R; and Ry maintains the integrity of these transition points and the
properties of the can end 10.

[0030] FIG. 4 shows the initial stage of double seam formation between can end
10 and a can body 60. A roller 62 exerts force against the peripheral curl portion 64 of
the can end 10, which bears the can end 10 against the seaming chuck 50. The
seaming chuck 50 uses projection 52 and surface 54 to drive the can end 10 and can
body 60 to rotate. The seaming operation generates a rolling action that reforms the
peripheral curl portion 64 and flange 66 to form a double seam 68 as shown in FIG. 5.
It should be noted that FIG. 5 is not drawn to scale it being noted that FIG. 5 is
included for illustrative purposes of the seaming operation. In FIG. 5, it should also
be noted for simplicity that the can end 10 is not displayed as being converted into an
EOE 1t being understood that those features were intentionally omitted.

10031} Having described the presently preferred embodiments of the invention,
it 1s to be understood that the invention may be otherwise embodied within various

functional equivalents within the scope of the appended claims.
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What is claimed 1s:

1. A can end adapted to be affixed to a can body, the can end

comprising:

(a)  acentral panel integrally connected to an inner panel wall,
the connection having a first radius ot curvature;

(b)  acountersink integrally connected to the inner panel wall,
the countersink having a second radius of curvature;

(¢)  achuck wall integrally connected to the countersink, the
chuck wall having three chuck wall sections;

(d) afirst chuck wall integrally connected to the countersink;
the first chuck wall having an angle 6; of 20° to 35° as measured from
an axis perpendicular to the central panel;

(e)  asecond chuck wall integrally connected to the first chuck
wall, the second chuck wall having an angle 0, of 4° to 27° as measured
from the axis, the connection having a third radius of curvature;

(1) a third chuck wall integrally connected to the second chuck
wall, the third chuck wall having an angle 65 of 18° to 32° as measured
from the axis, the connection having a fourth radius of curvature; and

(¢)  an end wall integrally connected to the third chuck wall,
the end wall being adapted to be affixed to a flange of a can body, the
can end having a preselected panel depth and a preselected countersink

depth.

2. The can end of claim 1 wherein the ratio of the length of the first

radius of curvature to the length of the second radius of curvature 1s 50% or greater.

3. The can end of claim 1 wherein the ratio of the length of the third

radius of curvature to the length of the fourth radius of curvature 1s 33% or greater.
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4. The can end of claim 1 wherein the ratio of the panel depth to the
unit depth 1s 24% or greater.

5. The can end of claim 1 wherein the first radius of curvature has a

length of about 0.010 inch to 0.020 inch.

6. The can end of claim 1 wherein the second radius of curvature

has a length of about 0.010 inch to 0.020 inch.

7. The can end of claim 1 wherein the third radius of curvature has a

length of about 0.040 inch to 0.080 inch.

8. The can end of claim 1 wherein the fourth radius of curvature has

a length of about 0.040 inch to 0.120 inch.

9. The can end of claim 1 wherein the panel depth is about 0.060
inch to 0.080 inch.

10.  The can end of claim 1 wherein the countersink depth is about

0.235 inch to 0.250 inch.

11. The can end of claim 1 wherein the inner panel wall has an angle

@ of 0° to 5° as measured from the axis.

12.  The can end of claim 1 wherein the can end utilizes over 6% less

metal than a conventional can end.

13. The can end of claim 1 wherein the can end has a preselected

geometry that reduces the risk of catastrophic failure of the can end in the presence of

excessive internal pressure within a beverage container.
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14.  Tooling adapted to manufacture a can end to be affixed to a can

body, the can end comprising:

(a)  acentral panel integrally connected to an inner panel wall,
the connection having a first radius of curvature:

(b)  acountersink integrally connected to the inner panel wall,
the countersink having a second radius of curvature;

(¢)  achuck wall integrally connected to the countersink, the
chuck wall having three chuck wall sections;

(d)  afirst chuck wall integrally connected to the countersink:
the first chuck wall having an angle 0; of 20° to 35° as measured from
an axis perpendicular to the central panel;

(e)  asecond chuck wall integrally connected to the first chuck
wall, the second chuck wall having an angle 0, of 4° to 27° as measured
from the axis, the connection having a third radius of curvature:

(1) a third chuck wall integrally connected to the second chuck
wall, the third chuck wall having an angle 05 of 18° to 32° as measured
from the axis, the connection having a fourth radius of curvature: and

(g) anend wall integrally connected to the third chuck wall,
the end wall being adapted to be affixed to a flange of a can body, the

can end having a preselected panel depth and a preselected countersink

depth.

15.  The can end of claim 14 wherein the ratio of the length of the first

radius of curvature to the length of the second radius of curvature is 50% or greater.

16.  The can end of claim 14 wherein the ratio of the length of the
third radius of curvature to the length of the fourth radius of curvature is 33% or

greater.
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17.  The can end of claim 14 wherein the ratio of the panel depth to
the unit depth 1s 24% or greater.

18.  The can end of claim 14 wherein the first radius of curvature has
a length of about 0.010 inch to 0.020 inch, the second radius of curvature has a length
of about 0.010 inch to 0.020 inch, the third radius of curvature has a length of about
0.040 inch to 0.080 inch, and the fourth radius of curvature has a length ot about 0.040
inch to 0.120 inch.

19.  The can end of claim 14 wherein the panel depth 1s about 0.060
inch to 0.080 inch and the countersink depth is about 0.235 inch to 0.250 inch.

20. A seaming chuck adapted to seam a can end to a can body, the

can end comprising:

(a)  acentral panel integrally connected to an 1nner panel wall,
the connection having a first radius of curvature;

(b)  acountersink integrally connected to the inner panel wall,
the countersink having a second radius of curvature;

(¢)  achuck wall integrally connected to the countersink, the
chuck wall having three chuck wall sections;

(d) afirst chuck wall integrally connected to the countersink;

()  asecond chuck wall integrally connected to the first chuck
wall, the connection having a third radius of curvature;

(f)  athird chuck wall integrally connected to the second chuck
wall, the connection having a fourth radius of curvature; and

(g) anend wall integrally connected to the third chuck wall,
the end wall being adapted to be affixed to a flange of a can body, the
can end having a preselected panel depth and a preselected countersink
depth,

wherein the seaming chuck comprises:
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(aa) a projection that 1s adapted to engage a portion of the
countersink and a portion of the first chuck wall;

(bb) a surface that i1s adapted to engage a portion of the third
chuck wall; and

(cc) arecess that is adapted to avoid engagement with portions

of the chuck wall, the third radius of curvature and the fourth radius of

curvature.

21.  The can end of claim 20 wherein the ratio of the length of the first

radius of curvature to the length of the second radius of curvature 1s 50% or greater.

22.  The can end of claim 20 wherein the ratio of the length of the
third radius of curvature to the length of the fourth radius of curvature 1s 33% or

greater.

23.  The can end of claim 20 wherein the ratio of the panel depth to
the countersink depth 1s 24% or greater.
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