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CONTAINER WALL WITH RUPTURABLE
WEAKENING LINE
This application is a continuation-in-part of my co-
- pending application Ser. No. 281,541, filed Aug. 17,
1972.

BACKGROUND OF THE INVENTION

This invention relates to metal container closures and
more particularly to an improved method and appara-
tus for forming and construction for a digitally open-
able container end closure that not only exceeds the
stringent and competitively dictated present day com-
mercial economic and performance criteria but also
satisfies all ecology based governmental regulations
now extant.

The metal container industry and its ever increasing
demands for thin sheet metal has been one of the major
motivating factors in both the growth and strength of
our domestic economy. At the present day, for exam-
ple, about 40 billion metal cans are fabricated each
year alone to contain, preserve and transport bever-
ages, such as soda and beer. Over the past 75 years or
more, the ever increasing demands for product integ-
rity backed up by governmental regulations and juridi-
cal pressures have, in an environment of continually
increasing cost sensitivity, resulted in the development
of commercially and competitively dictated interre-
lated economic and performance criteria of ever in-
creasing stringency for metal containers. In the more
recent years the competitive pressures attendant the
fabrication of metal containers has been further com-
plicated by the changing habits of the consumer and a
marked increase in the long standing desire for metal
containers that could be manually opened at the point
of consumption without employment of auxiliary tools
or the like. In the beverage field, such demand was
recently satisfied, despite the existence of great num-
bers of suggested expedients therefor in the prior art
and attendant unfavorable economic considerations,
by the industry-wide fabrication of the Fraze type of
pull tab easy open end closure. The widespread utiliza-
tion of such type of end closures has, apart from the
increased costs inherently attendant its fabrication due
to increased metal content thereof and required multi-
ple fabricating operations, created a serious ecology
problem due to the hazards attendant the relatively
sharp-edged removable tab portion thereof and the
propensity of consumers to indiscriminately dispose of
such tabs immediately following their separation from
the container. In part, the problems attendant such
indiscriminate tab disposition have resulted in the ac-
tual or contemplated banning of such closures in cer-
tain jurisdictions with the concommitant creation of
problems of major magnitude for the can fabricators.

As noted above, the prior art, and notably the pa-
tented art, is replete with hundreds suggested expedi-
ents for achieving the long desired objective of simpli-
fied can opening, including many suggested expedients
for can closures that can be digitally opened, i.e. manu-
ally opened without the use of auxiliary tools or the
like. Included in such expedients were the use of con-
tainer walls and end closures which included weaken-
ing lines or score lines defining tear strips or panels
which could either be depressed into or pried out of a
container to form either a vent or a pouring opening
therein. Closures of this type are exemplarily disclosed
in a number of U.S. Pat. Nos. including Newman
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1,805,003, fried 2,176,898, Asbury 3,227,304, Asbury
3,246,791, Asbury 3,355,058, Klein et al 3,334,775,
Foss et al 3,410,436, Punte 2,187,433, Punte
2,289,452, Punte 2,312,358, Punte 2,312,359, Fink
2,119,533 and Punte 2,120,186. Such end closures
have sometimes required the use of rigid tools, such as
a coin or a fork, to rupture the score line around the
removable panel in order to form an opening in the end
closure. Several of such end closures have included
embossments in the removable portion to facilitate
opening of the removable portion by pressing or prying
against embossments.

It has also been suggested to form a weakening line in
the form of a fracturable web in such a container clo-
sure by displacing metal along one side of a line at right
angles to the initially undisplaced surface of the con-
tainer wall in such a way that the edge defining the
periphery of the removable wall portion underlaps the
corresponding edge of the non-removable wall portion
and has an abrupt change in cross-sectional wall thick-
ness as is disclosed in Geiger U.S. Pat. No. 3,362,569.
That patent discloses that the removable wall portion in
such a closure has greater resistance against severance
of the fracturable web as would be occasioned by inter-
nal pressure than'it has against severance due to an
opening force applied against the exterior surface of
the portion. It has been found, however, that displacing
metal at right angles to the surface of the sheet in the
manner taught and disclosed in Geiger U.S. Pat. No.
3,362,569 can cause small cracks in, or accidental
severance of, the fracturable web that is formed, partic-
ularly in hard temper metal. Punte U.S. Pat. No.
2,187,433 suggests another expedient wherein a weak-
ened thinned portion is formed in a container wall by
thinning the wall between a rounded corner of a mov-
able die member and a die surface disposed at a 45°
angle to the axis of displacement of the movable die
member. Other expedients suggested by the art for the
formation of particularly shaped weakened areas are
embodied in U.S. Pat. Nos. to Barrath 540,625, Fraze
3,291,336, Cookson 3,434,623, Cookson 3,698,590
and Baumeyer et al 3,693,827,

Insofar as I am aware, none of these suggested expe-
dients have apparently been able to satisfy the stringent
and complementally interrelated economic and perfor-
mance criteria necessary for widespread use on bever-
age and like containers. As evidenced by the span of
years covered by the above noted patents, it has long
been desired to have a container end closure or con-
tainer wall with a removable portion in it which can be
inwardly displaced from the end closure or wall without
need for a separate tool or a pull tab attached to the
removable portion. While the Fraze type of pull tab
easy open end closure is, as noted above, presently in
wide use despite its additional expense, the current
ecology induced pressures make it desirable to utilize
the concepts of the Geiger patent, but to provide a
method of forming a fracturable web that is not subject
or vulnerable to small cracks or failure therein and
which satisfies the current stringent and complemen-
tally interrelated economic and performance criteria
necessary for widespread commercial use.

SUMMARY OF THE INVENTION

This invention may be briefly described as including,
in its broad aspects, the provision of an improved
method and apparatus for forming and construction for
a digitally openable container end closure. In such
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broad aspect it includes a container wall having a par-
ticularly contoured fracturable web defining an in-
wardly displaceable opening panel having an upper
surface on the rim thereof intersecting the inner mar-
ginal edge of the lip of an adjacent particularly con-
toured deflectable portion in a first exposed corner and
with the undersurface of said lip disposed in substantial
alignment with said upper surface of said panel rim and
intersecting the outer marginal edge of said rim in a
second corner. The deflectable portion is integral with
the container wall and projects outwardly from the
plane of the container wall adjacent the fracturable
web and is adapted to effect, in response to digitally
applied inwardly directed pressure thereon, relative
displacement of the lip and rim to strain the web and
initiate fracture thereof.

In its narrower aspects the invention includes the
formation of a fracturable web by moving metal adja-
cent a predetermined line substantially perpendicular
to the surface of the sheet while squeezing a zone of
metal along such line between substantially parallel die
surfaces which are disposed at an angle to the plane of
the container wall. Such squeezing of the container
wall along the zone of metal extrudes metal laterally
from such line to produce a bulge forming at least a
part of said deflectable portion in the container wall
which can be flexed to cause relative movement of the
metal on opposite sides of the fracturable web and
thereby facilitate initiation of rupture thereof.

Among the advantages of the subject invention are
the provisions of a metal container closure construc-
tion that exceeds the stringent present day interrelated
commercial economic and performance criteria and
which also satisfies current ecology based governmen-
tal regulations. More specific advantages include the
provision of a highly reliable end closure of markedly
reduced metal content that can be fabricated with a
minimal number of fabricating steps at extremely high
production rates with simple tooling. Further advan-
tages include the provision of an end closure that can
be opened by application of modest amounts of digi-
tally applied pressure without the use of auxiliary tools
and the overcoming of ecology based objection to pres-
ent day Fraze type severable pull tab closures through
inward displacement of a closure panel sized to be
larger than the resulting opening in the container wall.

The object of this invention is the provision of an
improved method and apparatus for forming and con-
struction for a digitally openable container end closure.

Accordingly, another object of the invention is to
provide a tabless container wall which can be opened
with the fingers.

Another object of the invention is to provide a
method of forming a container wall with a fracturable
web in it which can be easily ruptured when force is
applied against one surface of the container wall.

Another object of the invention is to provide a
method of forming a fracturable web in a container
wall by displacing metal at right angles to the plane of
the container wall while squeezing a zone of metal to
prevent complete severance of the container wall dur-
ing such displacement of metal.

A further object of the invention is to provide a
method of deforming a sheet of métal to provide a
selectively contoured fracturable web that can be rup-
tured without the need for a special cool or a pull tab
attached to the severable portion of the sheet.
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Another object of the invention is to provide a con-
tainer wall with a fracturable web in it defining a re-
movable panel and an adjacent flexible or deflectable
bulge for displacing portions of the container wall to
facilitate initiation of rupture of the web.

Another object of the invention is to provide a con-
tainer wall with a fracturable web in it defining a re-
movable panel with an edge portion of the removable
panel and an adjacent edge portion of the container
wall lying in substantially parallel planes, and further
including a deflectable bulge in the container wall for
selectively displacing portions of the container wall to
cause relative movement of the metal on opposite sides
of the fracturable web to initiate rupture or fracture of
the web.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other objects and advantages of the
invention will be more fully understood and appreci-
ated with reference to the following description and the
drawings appended hereto wherein: .

FIG. 1 is a plan view of a can end of the invention,

FIG. 2 is an enlarged cross section through the can
end of FIG. 1 taken along line II-1I,

FIG. 3 is an enlarged cross sectional view of a can
end of the invention seamed on a container and illus-
trating finger pressure applied to an outwardly domed
or bulged panel to initiate rupture of the fracturable
web in the can end,

FIG. 4 is a section view similar to FIG. 3 and showing
the can end after opening,

FIG. 5 is a perspective view of an alternative embodi-
ment of a closure of the invention,

FIG. 6 is a cross section through the closure of FIG.
5,

FIG. 7 is a cross section illustrating tools for deform-
ing a container wall in accordance with the invention,

FIG. 8 is an enlarged cross sectional view of a portion
of the tools from FIG. 7 illustrating an intermediate
stage in the forming of a fracturable web in a container
wall,

FIG. 9 is a cross sectional view similar to FIG. 7
illustrating further displacement of the die members in
the formation of a fracturable web in a container wall,
and

FIG. 10 is an enlarged cross sectional view of a por-
tion of a presently preferred embodiment of a con-
tainer wall constructed in accordance with principles of
the invention.

DESCRIPTION OF PREFERRED EMBODIMENTS

Referring to FIGS. 1 and 2, a container wall or can
end 10 is shown which includes a substantially planar
central panel 12, a peripheral groove 14 around the
panel an upstanding wall 16 outwardly of the groove, a
flange 18 extending outwardly from the top of the up-
standing wall and a curled edge 20 on the outer end of
the flange. Such general construction of a peripherally
chimed can end is typical of can ends which are
adapted to be sealed on container bodies by conven-
tional double seaming operations.

In order to facilitate understanding of the subject
invention and in the interest of clarity, the terms “in-
wardly” and “outwardly” will be herein employed to
delineate directions relative to the interior and exterior
respectively of a cylindrical container having the end
closure of interest mounted on the end thereof.
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In accordance with this invention, can end 10 further
includes at least one, and preferably two, inwardly
displaceable opening panels 22 of equal size defined by
weakening lines 24 in the form of fracturable webs in
central panel 12. Panels 22 are designed to be opened
by displacing them into a container on which can end
10 is sealed to form a pouring opening and/or a vent in
the can end. In the embodiment selected for illustration
in FIGS. 1 through 4, each fracturable web 24 may be
C-shaped with a bridge of metal between the ends of
the line providing a hinge 26 which prevents complete
separation of the opening panel 22 from container end
10. Hinge 26 between the ends of the fracturable web
24 may be slightly weakened by a shallow score line or
the like, but may also be unweakened for some applica-
tions. In case of accidental rupture of the web 24 due to
excessively high internal pressures in a container, hinge
26 will prevent complete separation of a removable
panel 22 from can end 10. Hinge 26 also normally
prevents the panel 22 from dropping into the container
after inward displacement thereof.

As illustrated in FIG. 1, each opening panel 22 is
substantially smaller than the can end 10 in which it is
provided and constitutes a minor portion, or less than
half, of the area of the can end.

It is a feature of a container end constructed in ac-
cord with the principles of this invention that at least a
marginal edge portion 28 of opening panel 22 adjacent
the fracturable web 24 be disposed with respect to an
adjacent marginal edge portion 30 of central panel 12
on the other side of the web such that opposite faces of
such two marginal edge portions 28 and 30 are dis-
posed in nearly the same plane. In the embodiment
selected for illustration in FIGS. 1-4, such displace-
ment results in the top surface of the edge portion 28 of
the opening panel 22 being disposed in nearly the same
plane as is the bottom surface of edge portion 30 of the
adjacent portion of central panel 12 disposed on the
other side of the fracturable web.

It is another feature of this invention that the central
panel 12 has a bulge or bulges formed in it adjacent the
fracturable web 24 as is best illustrated in FIGS. 2 and
9. As will be explained, flexing or other digitally in-
duced displacement of such bulge or buiges, which
constitute at least part of a deflectable portion of the
container wall, facilitates rupture of the web 24 by
producing relative movement of metal on opposite
sides of the web to strain the residual metal and initiate
its failure. In can end 10, a bulge 32 may be formed
adjacent removable panel 22 or a bulge 33 may be
formed within the opening panel 22, as will be de-
scribed.

Depending on the intended use of a container end
e.g. on pressurized or unpressurized cans or on auto-
matically ventable cans; the adjacent portions of metal
on opposite sides of the fracturable web 24 and the
flexible deflectable portions 32 and 33 may be formed
either outwardly or inwardly directed with respect to
the initially undisplaced metal in the container wall. In
the can end 10 illustrated in FIGS. 1-4, which is
adapted to be sealed on a container for holding rela-
tively high internal pressures, the marginal edge por-
tion 28 of opening panel 22 has preferably been dis-
placed downward with respect to the adjacent portion
30 of central panel 12 on the opposite side of the frac-
turable web so that the web will have a greater resis-
tance against rupture due to internal pressure in the
container than it will have against rupture due to exter-
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nal pressure applied against opening panel 22. The
difference in resistance to rupture of a weakening line
depending on the direction of force was previously
broadly disclosed in the Punte and Geiger U.S. Pat.
Nos. 2,187,433 and 3,362,569, and is believed to result
from an overlap of metal on opposite sides of a weaken-
ing line. ‘

Deflectable portion 32 is preferably formed out-
wardly with respect to the initially undisplace surface
of can end 10 so that finger pressure applied against
opening panel 22 or more desirably against said de-
flectable portion 32 will cause flexing and selective
displacement thereof to facilitate initial fracture of the
web 24 as will now be explained. As illustrated in FIG.
3, depressing the illustrated outwardly domed opening
panel 22 causes flexing and displacement of at least
portions of central panel 12. While not fully under-
stood at the present time, it is believed that this flexing
of portions of central panel 12 causes relative move-
ment of adjacent portions of metal on opposite sides of
the fracturable web 24 to thereby stress and fracture
the thin residual of metal constituting such web. Such
flexing displacement of portions of container panel 12
is also believed to cause some bending of the thin resid-
ual of metal constituting the web to further contribute
to the initiation of fracture thereof. As opening panel
22 is further depressed, the web 24 around the panel 22
continues to separate so that the panel may be hinged
inwardly into the container as illustrated in FIG. 4.
When both panels 22 have been so opened, one open-
ing can be used for pouring or drinking from the con-
tainer, and the other opening will vent air into the
container.

FIGS. 5§ and 6 illustrate another embodiment of a
closure incorporating the principles of this invention
which is particularly adapted for closing a bottle or
other container for food which may be vacuum packed.
Closure 34 includes an end wall 36, a peripheral skirt
38 with a curled edge 40 thereon for engaging under a
retaining bead or lugs on a container. In accordance
with this invention, closure 34 further includes an up-
wardly domed deflectable button 42 in end wall 36 and
two fracturable webs 44 formed in the button near its
top. Fracturable webs 44 may be arcuate in shape and
concave toward the periphery of the closure leaving a
bridge 46 of unweakened metal between the fractur-
able webs. In this embodiment of the invention, the
metal between the fracturable webs 44 is preferably
displaced outwardly with respect to adjacent metal on
the opposite sides thereof as illustrated in FIG. 6.

When it is desired to open a container on which
closure 34 is sealed, bridge 46 may be inwardly dis-
placed to cause failure of at least one of webs 44 and
thereby release the vacuum in the container. Releasing
the vacuum in a container on which closure 34 is sealed
will obviously facilitate removal of the closure from the
container by freeing the closure to be more easily
moved with respect to the container. It is believed that
inward displacement of bridge 46 causes relative move-
ment of metal on opposite sides of fracturable webs 44
to stress the thin residual of metal in the web and
thereby facilitate initiation of its rupture.

FIGS. 7, 8 and 9 illustrate exemplary tools and a
preferred method for forming the particularly con-
toured fracturable web in accordance with the inven-
tion. Such exemplary tools comprise an annular top die
48 and an annular bottom die 50 between which a sheet
metal container wall 10 is introduced to have the frac-
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turable web formed therein, an auxiliary outer die
means 49 and an optionally employable inner doming
tool 51 for controlling the direction in which deflect-
able portion 32 and domed opening panel 22 are
formed in the container wall. Top die 48 has a first
substantially planar horizontal bottom face or base
surface 52, an inner face 53 inclined upwardly from
base surface 52 to permit the formation of an upwardly
domed opening panel, and a second and angularly dis-
posed substantially planar metal extruding surface or
face 54 which preferably extends outwardly from the
first base surface at approximately a 45° angle, al-
though limited angular departure therefrom may ap-
parently be tolerated. The first base surface 52 and
second metal extruding surface 54 of die 48 meet at a
relatively sharp corner 56 so that a similar sharp corner
will be formed in container wall 10. Preferably the
corner 56 between the first and second die surfaces 52
and 54 has a radius of less than 0.001 inch, but may
tolerate a radius, as for example as would be occa-
sioned by wear, of up to about 0.005 inch on tools for
forming a fracturable web in rigid aluminum alloy con-
tainer sheet having a thickness in a range of 0.010 inch
to 0.015 inch which is typical of sheet used in the pro-
duction of can ends.

Bottom die 50 has a first substantially planar base .

surface or top face 58, a downwardly inclined outer
face 59 to permit the formation of a deflectable portion
32 externally adjacent the opening panel 22 and a sec-
ond and angularly disposed substantially planar metal
extruding surface or inner face 60 extending down-
wardly from the first base surface 58 at approximately
a 45° angle. Base surface 58 and metal extruding sur-
face 60 also preferably meet at a relatively sharp corner
62 as do the die faces in top die 48. Metal extruding
surfaces 54 and 60 on top and bottom dies 48 and 50
are preferably substantially parallel, although limited
departure therefrom can apparently be tolerated. Inner
doming tool 51 may further have an upwardly project-
ing dome 64 on it to form an outwardly domed opening
panel 22 which can be concurrently formed therewith.
The auxiliary die means 49 and inner doming tool 51
may be integral parts of tools 48 and 50 respectively, or
for ease of fabrication may be separate parts as illus-
trated, but are preferably moved as unitary assemblies
during practice of the invention. Inner doming tool 51
may be omitted from the tools where the presently
preferred inwardly domed opening panel 22 is to be
formed.

Auxiliary outer die means 49 is disposed on the same
side of container wall 10 as is upper die member 48 and
has a metal shaping base surface 49z facing the same
general direction as does first base surface 52 of upper
die member 48 and is in laterally spaced relation with
the first base surface 58 on the lower die member 50.

As tools 48, 49, 50 and 51 (when included) are
moved against container wall 10 which has been intro-
duced between the dies, metal from the container wall
is first drawn or stretched over dome 64 on inner dom-
ing tool 51. As the dies continue to close, the first base
surface 52 and the second metal extruding surface 54
of the top die member 48 are lineally displaced toward
the second angularly disposed metal extruding surface
60 and first base surface 58 respectively of the second
die member 60 and with the corners 56 and 62 being
maintained in laterally spaced relation as described
above. Following initial engagement of the top die
member 48 with interposed metal sheet, metal from
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container wall 10 begins to be displaced or moved by
the base die surfaces 52 and 58 substantially perpendic-
ular, or a right angles, to the initially undisplaced sur-
face of the container wall. When base die surfaces 52
and 58 have closed to within approximately three-
fourths to two-thirds of the thickness of container wall
10, metal begins to be extruded from between the an-
gularly offset metal extruding surfaces 54 and 60 on the
dies. Up to that point, the metal in container wall 10 is
merely reformed around corners 56 and 62 on the dies.

As dies 48 and 50 continue to close with respect to
one another, metal in container wall 10 is squeezed
between the metal extruding surfaces 54 and 60 of the
dies to cause lateral flow or extrusion of metal away
from the fracturable web while metal is also being dis-
placed at substantially right angles to the initially undis-
placed surface of the container wall. The described
lineal displacement of the top die member 48 toward
the lower die member 50 continues until the first base
surface 52 thereof is disposed substantially coplanar
with the first base surface 58 of lower die member 50.
It is believed that this lateral flow or extrusion of metal
away from the fracturable web which is being formed is
important in preventing cracks from forming in, and
premature severance of the web. In the absence of such
extrusion, metal may be sheared or cut by the tools as
is done in typical blanking or punching operations in
which the metal is separated or sheared along the line
of the tools before the dies have completely penetrated
the metal. The present invention substantially elimi-
nates the formation of cracks or failures in the fractur-
able web because metal is extruded laterally away from
the web during the right angle displacement of metal to
cause lateral flow of metal approximately as fast as the
metal is being displaced at right angles so that the metal
is not sheared or separated by such right angle displace-
ment. Experience to date indicates that in the practice
of this invention, container ends of the type disclosed
can be formed at high rates of press operation to pro-
duce 300 or more ends per minute per die set up with
few or no defective can ends.

Lateral metal flow away from the fracturable web
that is being formed also produces an increased surface
area of metal in a can end for forming the desired de-
flectable portion in the metal adjacent the web. As
explained above, such deflectable portion 32 is be-
lieved to facilitate rupture of the fracturable web. In
the tools illustrated in FIGS. 7-9, the auxiliary die
means 49 and the inner doming tool 51 respectively
control the direction in which the increased area of
metal is formed so that deflectable portion 32 and
domed opening panel 22 project outwardly with re-
spect to the original undisplaced surface of the can end.
Obviously, for other can ends or closure applications,
similar tools could also control the metal working so
that the bulges or deflectable portions would be formed
downward (i.e., inwardly) on one or both sides of the
fracturable web if desired.

After inner doming tool 51 has initiated outward
doming of opening panel 22, lateral extrusion of metal
produced by the formation of fracturable web 24 fur-
ther domes the opening panel so that the metal in the
panel is spaced above dome 64 on the doming tool 51
as is illustrated in FIG. 9. Auxiliary die means 49 con-
trols the formation of the preferred outwardly project-
ing deflectable portion 32 adjacent the fracturable web
24 by restraining the metal distal the fracturable web so
that the metal bows upward over bottom die 50 as is
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also illustrated in FIG. 9. In forming the deflectable
portion 32, the auxiliary die means 49 is lineally dis-
placed to selectively move the base surface 494 thereof
into predetermined longitudinally offset relations with
the first base surface 58 of lower die member 50 in the
direction of die displacement.

It is believed that lateral extrusion of metal during
formation of the particularly contoured fracturable
web 24 in accordance with the principles of this inven-
tion results in the formation of complex residual
stresses in the web probably having a substantial com-
ponent thereof in shear which may interact with the
stresses produced by inward displacement of the de-
flectable portions to contribute in initiating rupture of
the fracturable web. Such residual stresses apparently
act within the fracturable web 24 to make it easier to
initiate its rupture.

In the practice of this invention, the amount of lateral
spacing “x”’ between the corners 56 and 62 in the hori-
zontal direction may vary depending upon the alloy,
temper and thickness of the metal in container wall, the
angle of the metal extruding surfaces 54 and 60, and
the residual thickness of metal to be left in the fractur-
able web among other factors. Such lateral spacing is
preferably in the range of 1/4 to 1/6 of the thickness of
the container wall in which the fracturable web is
formed, but may be from 5 percent to 50 percent of the
metal thickness for some applications. In the exemplary
practice of the invention, an overlap *“x” of die surfaces
54 and 60 of approximately 0.0032 inch has been
found to work well in forming a fracturable web in a
container wall made from a sheet of hard temper alumi-
num base alloy 0.013 inch thick. In that example, the
dies were moved toward one another until base sur-
faces 52 and 58 were within approximately 0.001 inch
of coplanar orientation. This produced a fracturable
web with a thin residual of metal approximately 0.004
inch thick with no cracks therein.

FiG. 10 illustrates a presently preferred configura-
tion of a metal end closure incorporating the principles
of this invention. There is provided a central panel 12
having a least one circular and relatively rigid opening
panel 22 contoured to include an inwardly domed cen-
ter portion 33 bounded by a rim 28 peripherally termi-
nating in a fracturable web 24. The web 24 intercon-
nects the rim 28 with a lip 30 of an integral outwardly
projecting deflectable portion 32 of generally frusto-
conical configuration surrounding the opening panel
22 in the adjacent portion of the container wall. Prefer-
ably, rim 28 has a substantially planar upper surface 70
which terminally intersects an angularly inclined sur-
face 72 defining the inner marginal edge of lip 30 of
deflectable portion 32 in an exposed corner 74. Lip 30
has a substantially planar undersurface 76 disposed in
substantially coplanar relation with the upper surface
70 of rim 28 and which terminally intersects an angu-
larly inclined surface 78 defining the outer marginal
edge of the rim 28 of the panel 22 in a second corner
80. The corners 74 and 80 are disposed in predeter-
mined laterally spaced relation and define therebe-
tween the lateral extent of the fracturable web 24,

Each opening panel 22 includes means for imparting
greater rigidity to the opening panel than that of the
deflectable portion. In the preferred embodiment, the
domed shape of each opening panel provides the de-
sired increase in rigidity. The size of the opening panel
is also believed to be a factor in its rigidity. It will be
apparent to those skilled in the art that other means
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such as greater metal thickness, embossments or the
like can be employed to impart the desired increased
rigidity to the opening panel.

Deflectable portion 32 in container end 10 is adapted
to effect, in response to inwardly directed digitally
applied pressure a relative displacement of lip 30 with
respect to rim 28 to strain fracturable web 24 and initi-
ate fracture thereof to permit inward displacement of a
separated opening panel of greater rim size than the
size of the opening which is formed in the end. Such
inwardly directed digital pressure is best applied
against the end 10 adjacent web 24 and preferably
against the raised lip 30 of the deflectable portion 32 as

" is illustrated in FIG. 10. Such inward pressure against
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the deflectable portion 32 appears to move the lip 30
relative to the rim 28 of the relatively rigid opening
panel 22 to strain the fracturable web 24 and initiate
fracture thereof. As pointed out above, the opening
panel 22 is preferably of relatively rigid character to
resist bending thereof and thereby insure that the dis-
placement of the deflectable portion 32 will create
sufficient relative displacement of the lip 30 thereof
with respect to the rim 28 of the opening panel 22 to
initiate web fracture. The lateral spacing corners of 74
and 80 are selected to define a web of at least a prede-
termined minimal extend sufficient to maintain its
structural integrity during exposure to variations in the
magnitude of the residual stress therein occasioned by
normal container handling and usage and less than a
predetermined maximum extent that would preclude
said displacement induced fracture thereof in response
to said digitally applied inwardly directed pressure.

While the mechanics underlying the mode of opera-
tion of the subject construction are not well understood
at the present ime, it is believed that complex residual
stresses are introduced into the particularly contoured
fracturable web by the metal displacement effected
during the formation thereof. It is further believed that
the relative displacement of the deflectable portion
induced by the inwardly directed digitally applied pres-
sure introduces a further complex stress pattern of
varying character into said web and that localized web
fracture is initiated by selectively located and probably
localized interactions thereof with the formation-
created residual stresses extant therein. -

It is therefore seen that a container wall and a
method of forming the same are provided which offer
improved opening characteristics and improved resis-
tance to the formation of cracks in the fracturable web
in the container wall. Metal is moved substantially at
right angles to the initially undisplaced surface of the
container wall along the fracturable web while metal is
extruded laterally away therefrom. The extrusion of
metal causes lateral metal flow which is approximately
as fast as the right angle displacement of metal during
at least the latter part of the forming operation to
thereby avoid shearing the metal, and further forms a
deflectable portion in the container wall whose digitally
induced displacement initiates web fracture.

The invention is particularly well suited for use with
container walls made of work hardened aluminum base
alloy sheet material in the thickness range of 0.010 inch
to 0.015 inch and which is at least quarter hard, and
preferably at least three-quarter hard temper or is of
extra hard temper alloy which has been partially an-
nealed as a result of heating it to cure a protective
coating thereon. Quarter hard aluminum alloy sheet
will generally ‘have a yield strength which is at least
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one-half the yield strength for the same alloy in a full
hard condition, and two or more times the yield
strength for the product in a fully annealed or recrystal-
lized condition. It is believed that such work hardened
alloy sheet material is particularly well suited to prac-
tice of the invention because material of the specified
hardness is required to assure conversion of the in-
wardly directed digitally applied pressures into selec-
tively directed displacement of the lip of the deflect-
able portion relative to the rim of the relatively rigid
opening panel. It is further believed that work hard-
ened aluminum alloy will also result in the presence of
greater residual stresses in the metal, both as to those
introduced in the initial formation of the fracturable
web and those introduced by relative metal displace-
ment as described above.

Experience to date has indicated that opening panels
having diameters in the range of about one-eighth inch
to three-quarters inch provide adequate pour and vent-
ing rates and also result in adequate lateral metal extru-
sion during forming to produce deflectable portions of
desired size and configuration. With respect to such
deflectable portions, it is believed that an angle inclina-
tion in a range of about 5 to 15 degrees to the general
plane of an end closure provides an adequate toggle-
like action to effect the necessary displacement of the
lip portion relative to the opening panel rim portion to
initiate web fracture.

Although a preferred embodiment of a container wall
and a preferred method and apparatus for forming the
same have been illustrated and described, it will be
apparent to those skilled in the art that numerous varia-
tions could be made therein without departing from the
invention.

What is claimed is:

1. A peripherally chimed sheet metal container com-
ponent having a wall with

at least one inwardly displaceable opening panel

therein non-concentric with the peripheral chime
around the container component and constituting a
minor portion of the component, said opening
panel having an integral rim therearound peripher-
ally terminating in a fracturable web defining a
locus of separation of said opening panel from the
adjacent portion of said wall,

an integral deflectable portion adjacent said opening

panel and projecting outwardly from the general
plane of the wall of said container component, said
deflectable portion terminating in a lip on the mar-
ginal edge thereof toward said web integrally inter-
connected with the rim of said opening panel and
defining therewith said fracturable web,

the rim of said opening panel including an outwardly

exposed surface terminally intersecting the out-
wardly exposed marginal edge of the lip of said
deflectable portion in an outwardly exposed cor-
ner,

said deflectable portion having a portion of the un-

dersurface thereof terminally meeting the under-
surface of the outer marginal edge of said rim in
predetermined spaced relation with said exposed
corner to define therebetween the extent of said
fracturable web,

said opening panel including means for imparting

greater rigidity thereto than that of said deflectable
portion disposed adjacent thereto to effect an initi-
ation, in response to digitally applied localized
inwardly directed pressure against said deflectable
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12
portion at a location spaced from the peripheral
chime around the container component, of relative
displacement of said lip relative to said rim to strain
said web and induce fracture thereof to permit
inward displacement of a separated opening panel.

2. A sheet metal end closure for a container compris-
ing

a generally planar wall portion peripherally chimed

for securement to a container body,
at least one inwardly displaceable relatively rigid
opening panel integrally included therein non-con-
centric with the peripheral chime around the clo-
sure and constituting a minor portion of the clo-
sure, said opening panel having a center portion
and an integral rim therearound peripherally termi-
nating in a fracturable web defining a locus of sepa-
ration of said opening panel from said wall portion,

an integral deflectable portion adjacent said opening
panel and projecting outwardly from the general
plane of said wall portion, said deflectable portion
terminating in a lip on the marginal edge thereof
toward said web integrally interconnected with the
rim of said displaceable opening panel and defining
therewith said fracturable web,

said rim of said opening panel including an outwardly

exposed surface terminally intersecting the out-
wardly exposed marginal edge of the lip of said
deflectable portion in an outwardly exposed cor-
ner,

the undersurface of said deflectable portion termi-

nally meeting the undersurface of the outer mar-
ginal edge of said rim of said opening panel in
predetermined spaced relation with said exposed
corner to define therebetween the extent of said
fracturable web,

said opening panel including means for imparting

greater rigidity thereto than that of said deflectable
portion disposed adjacent thereto to effect an initi-
ation, in response to digitally applied localized
inwardly directed pressure against said deflectable
portion at a location spaced from the peripheral
chime around the closure, of relative displacement
of the lip thereof relative to the rim of said opening
panel to stress said web and initiate fracture
thereof to permit inward displacement of a sepa-
rated opening panel of greater rim size than the size
of the opening formed in said wall portion as de-
fined by the inner marginal edge of the lip of said
deflectable portion.

3. A closure as set forth in claim 2 wherein said de-
flectable portion is inclined from the general plane of
said wall portion toward said lip at an angle in the range
of 5° to 15°.

4. A closure as set forth in claim 2 wherein said open-
ing panel is of generally circular configuration and said
deflectable portion is annularly disposed in surround-
ing relation therewith.

5. A closure as set forth in claim 2 wherein the center
portion of said opening panel is domed.

6. A closure as set forth in claim 2 wherein said wall
portion includes at least two circular openings panels of
equal diameter.

7. A closure as set forth in claim 2 wherein the upper
surface of the rim of said opening panel is in substan-
tially coplanar relation with the undersurface of the lip
of said deflectable portion.

8. A closure as set forth in claim 2 wherein said wall
portion comprises work hardened aluminum alloy
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which is at least three-quarter hard.

9. A closure as set forth in claim 2 wherein said open-
ing panel is circular in shape and has a.diameter in the
range of % inch to % inch. ' '

10. A closure as set forth in claim 2 wherein said
fracturable web interconnects the rim of said opening
panel and the lip of said deflectable portion outwardly
of the general plane of said wall portion.

11. A sheet metal end closure of work hardened
aluminum alloy suitable for a pressurized fluid con-
tainer comprising

a generally planar wall portion peripherally chimed

for securement to a container body,
at least one inwardly displaceable relatively rigid
opening panel integrally included therein non-con-
centric with the peripheral chime around the clo-
sure and constituting a minor portion of the closure
said opening panel having a domed center portion
and a selectively shaped rim therearound peripher-
ally terminating in a particularly contoured, residu-
ally stressed fracturable web defining a locus of
separation of said opening panel from said wall
portion, :

an integral inclined deflectable portion adjacent said
opening panel and projecting outwardly from the
general plane of said wall portion and terminating
in a particularly shaped lip on the marginal edge
thereof toward said web integrally interconnected
with the rim of said displaceable opening panel and
defining therewith said fracturable web,

said rim of said opening panel including an upper

planar surface terminally intersecting an angularly
inclined surface defining the inner marginal edge of
the lip of said deflectable portion in a first out-
wardly exposed corner,

said lip of said deflectable portion including a planar

undersurface disposed substantially coplanar with
the upper surface of said rim of said opening panel
and terminally intersecting an angularly inclined
surface defining the outer marginal edge of the rim
of said opening panel in a second corner disposed
in predetermined laterally spaced relation with said
first corner to define, by the overlap therebetween,
the lateral extent of said fracturable web,

said opening panel including means for imparting

greater rigidity thereto than that of said deflectable
portion to effect in response to digitally applied
inwardly directed pressure against the deflectable
portion at a location spaced from the peripheral
chime around the closure, a directional relative
displacement of the lip thereof with the rim of said
opening panel to initiate fracture of said web to
permit inward displacement of a separated opening
panel of greater rim size than the size of the open-
ing formed in said wall portion as defined by the
terminal edge of the angularly inclined surface of
the lip of said deflectable portion,

the lateral spacing of said first and second corners

defining a web of at least a predetermined minimal
extent sufficient to maintain its structural integrity
during exposure to variations in the magnitude of
the residual stress therein occasioned by normal
container handling and usage and less than a prede-
termined maximum extent that would preclude
said fracture thereof in response to said digitally
applied inwardly directed pressure.

12. A sheet metal end closure as set forth in claim 11
wherein said planar wall portion includes two displace-
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able opening panels of circular configuration, each

:surrounded by a deflectable portion of annular configu-

ration. ~

13. A sheet metal end closure as set forth in claim 11
wherein said ‘opening panel is inwardly domed.

14. A sheet metal end closure as set forth in claim 11
wherein said angularly inclined surface of the lip of the
deflectable- portion is disposed substantially parallel to
the angularly inclined surface of the rim of said opening
panel. ‘

15. A sheet metal end closure as set forth in claim 14
wherein each of said angularly inclined surfaces is dis-
posed ‘at an angle of about 45° to the planar surface
associated therewith.

16. A sheet metal end closure as set forth in claim 11
wherein said fracturable web is interrupted to form a
hinge element of greater thickness than the fracturable
web.

17. A sheet metal end closure as set forth in claim 11
wherein the work hardened aluminum alloy forming
said planar wall portion has a thickness in the range of
0.010 inch to 0.015 inch.

18. A sheet metal end closure as set forth in claim 11
wherein said wall portion comprises work hardened
aluminum alloy which is at least three-quarter hard.

19. A sheet metal end closure as set forth in claim 11
wherein said first and second corners have a permitted
difference in elevation no greater than 0.001 inch.

20. A sheet metal end closure as set forth in claim 11
wherein said opening panel is of generally circular
configuration and said deflectable portion disposed
thereabout is of frusto-conical configuration.

21. A sheet metal end closure as set forth in claim 11
wherein the residual stresses at the locus of separation
are of such character and magnitude as to initiate frac-
ture of the web upon localized interaction thereof with
stresses induced by digitally applied pressure.

22, A sheet metal end closure as set forth in claim 11
wherein said opening panel is circular in shape and has
a diameter in the range of % inch to % inch.

23. A sheet metal end closure of at least three-quar-
ter hard temper aluminum alloy of a thickness in the
range of 0.010 inch to 0.015 inch suitable for a pressur-
ized fluid container comprising

a generally planar wall portion peripherally chimed

for securement to a container body,

at least one hinged inwardly displaceable relatively

rigid circular opening panel integrally included
therein having an inwardly domed center portion
and a selectively shaped rim peripherally terminat-
ing in a particularly contoured, residually stressed
and annularly shaped fracturable web defining a
locus of separation of said hinged opening panel
from said wall portion,

an integral inclined annularly shaped deflectable

portion of frusto-conical configuration surrounding
said opening panel and projecting outwardly from
the plane of said wall portion and terminating in a
particularly shaped lip integrally interconnected
with the rim of said displaceable opening panel and
defining therewith said fracturable web,

said rim of said opening panel including an upper

planar surface terminally intersecting at an angle of
about 135° an angularly inclined surface defining
the inner marginal edge of the lip of said deflect-
able portion in a first exposed corner,

said lip of said deflectable portion including a planar

undersurface disposed substantially coplanar with
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the upper surface of the rim of said opening panel
and terminally intersecting at an angle of about
135° an angularly inclined surface defining the
outer marginal edge of the rim of said opening
panel in a second corner disposed in predeter-
mined laterally spaced relation with said first cor-
ner to define, by the overlap therebetween, the
lateral extent of said fracturable web, and having a
permitted difference in elevation therebetween of
no greater than 0.001 inch,

said deflectable portion being adapted to effect, in
response to digitally applied inwardly directed
pressure, a directional relative displacement of the
lip thereof with the rim of said opening panel to
interact with the residual stresses extant in said web
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angularly inclined surface of the lip of said deflect-
able portion,

the lateral spacing of said first and second corners
being no more than 0.004 inches and defining a
web of at least a predetermined minimal extent
sufficient to maintain its structural integrity during
exposure to variations in the magnitude of the re-
sidual stress therein occasioned by normal con-
tainer handling and usage and less than a predeter-
mined maximum extent that would preclude said
fracture thereof in response to said digitally applied
inwardly directed pressure.

24. A sheet metal end closure as set forth in claim 23

15 wherein said planar wall portion includes two displace-

able opening panels of circular configuration, each
surrounded by a deflectable portion of annular configu-
ration.

and initiate fracture thereof to permit inward dis-
placement of a separated opening panel of greater
rim size than the size of the opening formed in said

wall portion as defined by the terminal edge of the
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