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resistance of the can end because of the reinforce- ment created by the
increased depth of the The present invention is directed to a method of
annular groove with respect to the central panel and apparatus for forming
a can end which is      and the tight radius of curvature of the latter.
This highly resistant to internal pressure when seamed    5   type of
reinforcement is said to make it possible to a product-containing can.
to reduce the gauge thickness of a can end about US-A-3537291 teaches use
of a blank, draw       10 to 20 percent while maintaining pressure and
reform press tool which first draws, by means  resistance capabilities of a
conventional can end. of a punch and die, a can end shell having a
However, the patent also acknowledges two central panel surrounded by a
carefully formed   10   dichotomous principles which are at work in the
frusto-conical wall which joins the central panel to  manufacture of a
pressure resistant can end of a peripheral flange. The punch has a recess
this type, namely, the deepening of the annular defined by a draw radius
portion so that con-     groove and the tightening of its radius act to
tinued operation of the punch against a pad then  increase pressure
resistance, but the drawing redraws the central panel material into the
punch   15   operation has the effect of thinning the metal radius portion
to form a reinforcing bead which   which acts to decrease pressure
resistance. connected the central panel to the frusto-conical  While the
objectives of conventional methods wall. The reinforcing bead is thus
formed by      and apparatus are acknowledged herein, it is also stretching
of material around the punch draw      important to recognize that such
known methods radius.                                     20   also include
other disadvantages, particularly US-A-3957005 teaches, byway of example, a
when a blank or end shell must be transferred method of manufacturing a can
end from sheet      between a first set of dies to a second set of dies
metal such as aluminium 0.36 mm (0.014") thick.   which virtually
necessarily create alignment and/ In this method a blank of diameter
smaller than   or tolerance problems, not to mention the simple the
finished can end is cut from sheet, is drawn   25   fact that the transfer
itself adds time to an overall into a shallow cup the side wall of which is
passed  forming operation simply because of the time through ironing dies
to elongate and thin it. At the  involved in the transfer per se.
Furthermore, it is end of the wall ironing stroke an annular bead    not
uncommon to lacquer the blanks prior to any may be stamped around the end
wall of the        forming operation, and forming in different dies
preliminary cup. The ironed sidewall is then   30   and/or transferring
between dies increases the spread by electromagnetic discharge or reformed
tendency of the lacquer or enamel to crack or by reverse redrawing to form
a peripheral flange.  otherwise expose the metal to the eventual pro- The
benefit of this method is said to be an       duct packaged within a can to
which the end has economy in metal usage so that the less critical  been
seamed. The latter can result in undesired requirements of the flange,
which is double sea-   35   product deterioration. med to a can body, are
met by a smaller but        Another disadvantage of forming a pressure-
adequate metal thickness.                        resistant can end in a
series of different dies US-A-4031837 describes a first tool (similar
between which the blank must be transferred is to that of US-A-3537291)
which forms a shell      simply the inability to maintain acceptable tol-
having a reinforcing bead and a second tool   40   erances, particularly
relative to overall concentric- comprising a punch and die which is used to
ity, flange height and hook length. These three tighten the root radius of
the reinforcing bead.  factors collectively establish to a large measure
Typical of one conventional method of manu-     the eventual uniformity of
successful double sea- facturing so-called pressure resistant can ends is
ming which, once again, can be critical to product that disclosed in
US-A-4,109,599 in the name of   45   shelf life and/or longevity. Freddy R.
Schultz issued August 29, 1978 and       It is an object of the present
invention to assigned to Aluminum Company of America. In     - provide a
novel method of and apparatus for accordance with one method disclosed in
this     forming a reinforced pressure-resistant can end patent, a sheet
metal blank is positioned between  within a single set of dies and in the
absence of a pair of dies which are moved to shear an edge of . 50   any
type of transfer or movement of the metallic the blank after which a punch
descends to form    blank once a forming operation has begun. the now
circular blank about an annular ring into   According to a first aspect of
the invention, an end shell having a peripheral flange, a frusto-  there is
provided a method of forming a conical wall, a radius and an end panel. The
end  reinforced pressure-resistant can end comprising shell is then removed
from the first set of dies and   55   the steps of providing a
substantially planar inserted into a second set of dies in which the
metallic blank having a central portion and a peripheral flange is curled
into a downward per-  peripheral portion, deforming the blank in a first
pheral flange suitable for double seaming oper-   deformation step to cause
movement apart of the ations.
central and peripheral portions to offset said The end shell is then placed
between another   60   portions out of a common plane, thus drawing the
pair of dies which when moved toward each other   blank into a generally
flanged cup-shaped con- form the radius into a reinforcing bead or annular
figuration defined by the central portion, a radius, groove adjoining the
simultaneously formed        a frusto-conical wall and an annular flange,
and, domed central panel. The so-called reinforcing   in a second
deformation step, causing movement bead or annular groove increases the
pressure-   65   towards one another of the central portion and   
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deform a part of the metal of the  draw die to engage the central panel
opposite the can end, in the absence of restraint, to form a    draw punch
and said reform pad is in axial reinforcing bead for the can end connecting
the   alignment with said draw punch and means are
frusto-conicalwalltothecentralpanel,andformed      provided to effect
relative axial movement as on the side of the central panel remote from the
5    between the holding ring and the draw die on the flange characterised
in that                       one hand and the draw punch on the other hand
in (a) the first and second deformation steps are   a first direction to
form the preliminary shell and carried out at the same work-station by the
use of  subsequently to effect relative axial movement as coaxial
relatively movable metal forming tools     between the holding ring and the
draw die on the within the same tool set comprising pairs of punch   10
one hand and the reform pad on the other hand in and die sections which
co-operatively interengage  the direction opposite to the first direction
to to form the can end, said punch sections as well as  reform the
preliminary shell to provide a reinforc- said die sections being circular
and concentrically  ing bead connecting the frusto-conical wall to the
positioned within and about one another;          central panel; wherein,
in use, the material of the (b) the central portion of the blank is located
in   15   central panel is located between the draw punch use at the centre
of the apparatus between a draw  and the reform pad and is acted on by the
draw punch and an axially opposed reform pad; and       punch during the
drawing of the preliminary shell (c) the central portion of the blank is
acted on by  and by the reform pad during the reforming of the the draw
punch during the first deformation step   preliminary shell. and by the
reform pad during the second deforma-   20  Preferably the draw punch
comprises a pair of tion step.
spaced, coaxial shoulders for forming a work- Suitably, the first
deformation step is carried out  hardened edge region and stretched central
region by deforming the blank over a former comprising   of the radius. two
spaced annular shoulders adapted to shape       Preferably, the reform pad
is contoured at its said radius so. that it comprises a work-hardened   25
periphery to define with the draw die an annular edge region formed
adjacent one of the shoulders,  cavity selected to form therein a
reinforcing bead the work-hardened region of the radius providing,  of a
predetermined radius of curvature. during the second deformation step, at
least a part  According to a third aspect of the invention, of the
reinforcing bead with a wall thickness     there is provided a reinforced
pressure-resistant greater than the wall thickness of the radius prior   30
can end, comprising a metallic blank having a to the second deformation
step.                   generally circular centre panel, a panel radius The
central portion or the flange of the cup-   joining the centre panel to a
generally frusto- shaped configuration may be gripped during the    conical
peripherally inner wall converging in a second deformation step.
direction towards said-panel radius and defining In one embodiment said
first deformation step   35   therewith and with said centre panel a
generally takes place in two stages, said first stage compris-  interior
frusto-conical chamber subject to internal ing turning the peripheral
portion of the blank    pressure when the can end is flanged to an through
approximately a right angle to form a skirt  associated can body, an
annular exteriorly open- for the blank and said second stage comprising
ing reinforcing countersink radius joining said drawing the central portion
relative to the skirt,  40   frusto-conical peripherally inner wall with a
which skirt is carried over an abutment memberto   generally frusto-conical
peripherally outer wall, transform it into the annular flange.
said frusto-conical walls being in diverging rela- According to a second
aspect of the invention,   tionship relative to each other in a direction
away there is provided apparatus for forming a         from said
countersink radius, said outer frusto- reinforced pressure resistant can
end from sheet   45   conical wall merging with a flange adapted to be
material, said apparatus comprising a cutting ring,  seamed to a can body,
and said metallic blank a cutting punch enterable into said ring to blank
having a nominal unformed thickness reflected by out a disc of material
therebetween, an annular   the cross-sectional thicknessof unformed
portions ring axially aligned with said cutting punch to   of said centre
panel, characterised in that at least support a peripheral margin of the
disc held   50   the portion of said countersink radius at its junc-
against it by said cutting punch, a draw die      ture with the outer
frusto-conical wall has a cross- arranged coaxially and slidably within the
cutting  sectional thickness which is greater than the cross- punch and
having an entry face to define a surface  sectional thickness of the
unformed portions of of a flange of the can end and an interior surface
said centre panel. which is frusto-conical, a holding ring arranged   55
Suitably, there is a flexible annular wall portion coaxially and slidably
within the annular ring and  between said circular centre panel and said
panel axially aligned with the draw die so that when in  radius, and said
flexible annular wall portion use peripheral material of the blank is held
progressively thins in cross-sectional thickness between the holding ring
and the draw die, and a  from said circular centre panel to said panel
radius, draw punch arranged coaxially and slidablywithin   60
therebytransferring forces which might otherwise the holding ring to form a
preliminary shell      cause undesired distortion in use and/or impact of
comprising a central panel (CP) and a connecting  the can. radius joined to
a peripheral flange by a frusto-   Embodiments of the invention will now be
conical wall characterised in that, a reform pad is  described by way of
example only, with reference arranged coaxially and slidably inboard of the
65   to the accompanying drawings, in which:-  



5               EP 0153115 B1                       6 Figure 1 is a
generally axial sectional view with   Figure 11 is an enlarged fragmentary
schematic some parts shown in elevation of a press
cross-sectional view of the tooling of Figure 10, including a punch and
die, and illustrates as part  and illustrates the punch and die fully
opened and of the punch a fluidically (preferably pneu-        the lift
ring at a position permitting ejection of the matically) operated reform
pad, and as part of the    5    completed can end, die an indent ring and a
mechanically operated lift   Figure 12 is a fragmentary cross-sectional
view ring with the tooling shown at the completion of    of a reinforced
pressure resistant can end con- the first or forming operation in which a
blank is  structed in accordance with this invention, and formed to a
generally cup-like configuration        illustrates in conjunction with a
graph a variety of defined by a circular centre panel, a radius, a    to
different wall thicknesses thereof pertinent to the frusto-conical wall and
an annular flange,          present invention, Figure 2 is an enlarged
fragmentary schematic       Figure 13 is an enlarged fragmentary schematic
cross-sectional view of the draw punch, reform      cross-sectional view of
a modified form of tooling pad, indent ring and lift ring of Figure 1, and
of the invention at the same position as that illustrates the latter in
association with the planar   15   illustrated in Figure 7, and illustrates
a modifi- metallic blank just prior to the blank being cut    cation of the
reform pad in which a peripheral between a cutting punch and acut edge of
the die,   surface and a terminal end face are bridged Figure 3 is an
enlarged fragmentary schematic     through a radius, a cylindrical surface
and an cross-sectional view of the tooling of Figure 2,    angled surface,
and illustrates a further sequence in the operation    20  Figure 14 is an
enlarged fragmentary schematic of the punch during which the blank is cut
cross-sectional view of the tooling of Figure 13, between the cutting punch
and the die cut edge,     and illustrates the manner in which the radius
Figure 4 is an enlarged fragmentary cross-        formed by the tooling of
Figure 13 is reformed by sectional view of the tooling of Figure 3, and
the upward movement of the lift ring and draw illustrates a generally
convex axial end face of the    25   punch into an annular area set off in
part by the draw punch applying downwardly directed forces      reform pad
and angled and cylindrical surfaces, to a peripheral edge portion of the
blank,            Figure 15 is a generally fragmentary axial sec- Figure 5
is an enlarged fragmentary schematic     tional view of another press
including another cross-sectional view of the tooling of Figure 4,    punch
and die, and illustrates the tooling thereof and illustrates the position
at which a central   30   in a position forming the configuration of the
can portion of the metallic blank is clamped between    end or shell of
Figure 18, axial end faces of the reform pad and the indent      Figure 16
is an enlarged fragmentary schematic ring,
cross-sectional view of a draw punch, reform pad, Figure 6 is an enlarged
fragmentary schematic     indent ring and lift ring of Figure 15, and
illus- cross-sectional view of the tooling of Figure 5,   35   trates the
latter in association with a metallic and  illustrates the simultaneous
downward          blank which has been cut between a cutting movement of
the draw punch and the lift ring at     punch and a cut edge of the die,
which time a peripheral edge of the metallic blank    Figure 17 is an
enlarged fragmentary cross- is guided between respective convex and concave
sectional view of the tooling of Figure 16, and opposing surfaces of the
draw punch and lift ring,   40   illustrates a further sequence in the
operation of Figure 7 is an enlarged fragmentary schematic     the punch
during which the blank is formed into a cross-sectional view of the tooling
of Figure 6,    shallow cup having a central portion and annular and
illustrates the draw punch at the bottom of its  skirt, stroke and a
portion of the metallic blank bridging   Figure 18 is an enlarged
fragmentary schematic an annular outwardly opening groove of the   45
cross-sectional view of the tooling of Figure 17, indent ring,
and illustrates the tooling at the bottom of its Figure 8 is an enlarged
fragmentary schematic     stroke after the shallow cup of Figure 7 has been
cross-sectional view of the tooling of Figure 7,    reformed to an
oppositely opening flanged cup, and illustrates two phantom outlines and a
single   and solid outline position of the can end during    50    Figure
19 is an enlarged fragmentary schematic upward movement of the draw punch
and lift ring     cross-sectional view of the tooling of Figure 18, at
which time the flange is gripped between the     and illustrates the
position of the tooling at which lift ring and the draw punch and the
previously     a reinforcing bead has been fully formed. formed radius of
the can end is progressively         The invention will be best understood
by first formed into a reinforcing bead,                55   referring to
Figure 1 of the drawings which illus- Figure 9 is an enlarged fragmentary
schematic     trates a portion of a conventional multi-die double
cross-sectional view of the tooling of Figure 8,    action press which is
generally designated by the and illustrates the position ofthe tooling at
which  reference numeral 10. The press 10 includes a the reinforcing bead
has been fully formed,         punch 11 and a die or bolster block assembly
12. Figure 10 is an enlarged fragmentary schematic   60   The bolster block
assembly 12 is a stationary cross-sectional view of the tooling of Figure
9,    portion of the frame (not shown) of the press 10 and illustrates in
solid outline the release of the  while the punch 11 is reciprocated in a
conven- gripping forces by the retraction of the reform pad  tional manner,
as by eccentrics or cams between and in phantom outline the position of the
lift ring  a fully closed or bottom dead center position prior to final
ejection of the fully formed can end,   65   (Figure 1) and a fully opened
position (Figure 11). 
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block assembly 12 includes a   The draw die base 14 also includes six
equally generally cylindrical upwardly opening recess 13  circumferentially
spaced bores 34 and six equally housing a draw die base 14 which is secured
to    circumferentially spaced blind bores 45. Each of the assembly 12 by a
plurality of hex screws 15    the bores 34 receives a reduced end portion
46 of received in a plurality of counter-bored bores 16    5    a lift pin
47 while each of the blind bores 45 and threaded in threaded bores 17 of
the          houses a compression spring 48. assembly 12. There are six
such bores 16 and hex    The compression springs 48 bear against the screws
15 equally spaced about the draw die base  undersurface (unnumbered) of a
conventional 14 and six similarly spaced threaded bores 17     draw die 70
which cooperates in a conventional formed in the assembly 12 for securely
attaching   to   manner with a cutting punch 75 of the punch 11 the draw
die base 14 to the assembly 12 within    and a cut edge or annular blanking
die 76 carried the recess 13. A bottom wall (unnumbered) of the  by a die
holder or die assembly 78 secured in a draw die base includes an axial bore
18 in which  conventional manner to the bolster block is reciprocally moved
an upper portion 20 of a    assembly 12 by a plurality of hex socket screws
knock-out lift ring rod 21.                 15   and nuts 81. Upon the
descent of the cutting The bottom wall (unnumbered) of the draw die
punch 75, which will be described more fully base 14 also includes four
counterbores 22 of     hereinafter, upon conventional downward motion which
only one is illustrated in Figure 1, and a hex  imparted to the punch 11,
the cooperative inter- screw 23 is received in each counterbore 22 and is
action of the draw die 70, the cutting punch 75 [err] in a threaded bore 24
of an indent ring   20   and the cut edge 76 results in the peripheral edge
25 seated within a shallow upwardly opening       PE of the blank B being
blanked or trimmed to a circular recess 29 of the draw die base 14. The
circular configuration as defined by a cut edge CE indent ring 25 and a
reform pad or draw punch     with, of course, waste material W being even-
gripper pad 35 of the punch 11, which will be    tually discarded during
normal operations of the described more fully hereinafter, cooperate to
25   press 10. collectively define therebetween means for grip-    The lift
ring 60 includes an outer peripheral ping a central panel CP (Figure 2) of
a metallic  cylindrical surface 61 and an inner peripheral uniplanar blank
B having an outer peripheral edge  cylindrical surface 62 which has a
groove or peripheral edge portion PE. Essentially, the   (unnumbered). The
lift ring or annular forming central portion or center panel CP of the
blank B is  30   member 60 includes a terminal peripheral end gripped
between a relatively flat terminal circular  face 64 (Figure 2) bridging
the peripheral surfaces end face 26 of the indent ring 25 and a similar
flat  61 and 62. The terminal peripheral end face 64 circular terminal end
face 36 of the reform pad 35  includes a shallow upwardly opening convex
(Figure 2).                                      recess 65, an inboard
annular axial face or surface The indent ring 25 additionally includes a
35   66 and an outboard annular axial face or surface generally cylindrical
or peripheral outer surface  67. The surface 66 is radially longer than and
27 and the surfaces 26, 27 are bridged by means   slightly above 0.76 mm
(.030") the surface 67. 40 (Figure 2) for creating unrestrained tensioning
The collective surfaces 65 through 67 provide of the blank B during the
formation of a some-    guidance to inward metal flow of the peripheral
what angulated radius R (Figure 7) defined by a   40   edge portion PE of
the blank B during the down- pair of shoulders or radius portions Rb and Rc
ward or forming stroke of the operation and a spanned by an annular
generally flat angled wall  clamping or gripping action during the upward
or portion Rt (Figure 7). The tensioning means 40    reforming stroke, as
will be described more fully includes a pair of annular shoulders 41, 42
hereinafter. Downward movement is imparted to between which is an outwardly
opening annular   45   the lift ring or annular forming member 60 by the
groove 43. The radii of the shoulders 41, 42 are  descent of the draw punch
80. During such down- respectively 0.762 mm  (.030") and 1.65 mm
ward movement, the lift pins 47 are also moved (.065"), while the radius of
the annular groove 43  downwardly moving a lift pin disc 91 out of is 0.254
mm (.010"). The distance of the axis for  contact with a bumper retainer
plate 92 and the radius of the shoulder 42 from the axial   50   further
compressing a previously preloaded terminal end face 26 of the indent ring
25 is     spring 93 to load the spring 93 to approximately 0.38 mm (.015")
and the distance of the axis of   907 kg (2,000 lbs) force. The same
downward the radius 41 from the axis of the indent ring 25 is  movement of
the lift pins 47 and the lift pin disc 91 approximately 24.8 mm
(.976"-.977").             is transferred to a lift pin spacer 94 which
com- A lower portion (unnumbered) of the indent   55   presses a
compression spring 95. The springs 93, ring 25 is traversed by a diametric
slot 28 which  95 operate in a conventional manner, but the transforms a
lower end portion of the indent ring  same will be described more
completely herein- 25 into a pair of legs 30,31. The diametric slot 28
after. accommodates reciprocal movement of a hub 105      The bumper
retaining plate 92 is secured to the forming part of a diametric spider
(not shown) of   60   bolster block assembly 12 by a plurality of hex a
lift ring 60 which will be described more fully  socket screws 96 received
in counterbores 97 of hereinafter. However, each of the legs 30, 31 of  the
bumper retainer plate 92 and threaded in the indent ring 25 includes a
vertical slot 32, 33,  threaded bores 98 of the bolster block assembly 



respectively, functioning as a vertical limit for  12. The bolster block
assembly 12 also includes a reciprocal motion of the lift ring 60.      65
threaded bore 101 into which is threaded an 5    9              EP 0153115
B1                     10 enlarged threaded portion 102 of a lift ring
knock-  the draw punch stem 83. The counterbore or out bumper pad 103
having an axial bore 104       chamber 122is connected through the port 121
to within which reciprocates the knock-out lift ring  a supply of fluidic
pressure, such as a nitrogen rod 21.
cylinder and an associated regulator assembly or The punch 11 includes a
conventional blank    5    an air amplifier with appropriate valving and
punch slide assembly 110 which has mounted        controls, which is simply
designated by the thereto a conventional cutting punch holder 111   headed
arrow P1. The inner piston or draw punch by means of a blank ram attachment
112 (only     rod 120 is likewise urged downwardly by fluidic one
illustrated) and an associated set screw 113.  pressure suitably regulated
from the same or a The cutting punch 75 is secured in a conventional   10
different source as the pressure source P1, and manner, including a cutting
punch holder clamp-  the pressure applied to the draw punch rod is ing nut
114, to a lower end portion of the cutting  generally designated by the
reference character punch holder 111.                                 P2
associated with the arrow in Figure 1, although An inner piston or draw
punch rod 120 is        pressures P1, P2 can be equal. The pressure P1
mounted for reciprocal movement within the   15   can be, for example, as
low as 420 g/[err] cutting punch holder 111 and includes a bore 121,  (600
psi) and  at 700 g/[err] (1000 psi), the a counterbore 122 and an
internally threaded end  pressure on the piston 141 is approximately
portion 123. The internally threaded end portion  742 g/[err] (1060 psi).
The pressure is preferably 123 is threaded to a threaded portion 82 of a
stem  higher, particularly the pressure P2 exerted in a 83 of a draw punch
80. The draw punch 80   20   downward direction upon the draw punch rod 120
includes an axial bore 84 and a counterbore 85    because the latter
pressure is transferred during defined by a peripheral skirt or annular
forming  the downward or forming stroke from the rod 120 member 86 of the
draw punch 80. The counter       through the draw punch 80, the lift ring
60 and the bore 85 is defined in part by an inner cylindrical  lift pins 47
to unseat the lift pin disc 91 and the lift peripheral surface 87 which is
in intimate sliding   25   pin saver 94 and, therefore, load the springs
93, contact with a like outer peripheral cylindrical  95 which upon the
reform, return or upward surface 37 of the reform pad 35. The cylindrical
stroke of the rod 120 provide the mechanical force surface 37 and the axial
end face 36 of the reform  to lift the rods 47 and the lift ring 60
upwardly to pad 35 are bridged by means 38 in the form of an  reform the
blank B from the position shown in angled annular surface setting-off an
obtuse   30   Figure 7 to that shown in Figure 9. angle of approximately
[err] with the terminal end  The operation of the press 10 will now be face
36. A like obtuse angle is set-off between the  described with particular
reference to Figures 2 peripheral surface 37 and the angled annular
through 11 of the drawings and, of course, it will surface 38. The means 38
functions to prevent a   be assumed that the blank punch slide assembly
coating C, such as lacquer or enamel, from crack-   35   110 of the punch
11 has been retracted upwardly ing or being wiped off and, thus, prevents
metal  to its open position (Figure 11) with the blank B exposure of the
eventually formed inner surface   positioned as shown in Figure 2, but, of
course, of the blank B during the forming and reforming   being supported
upon the flat annular face 66 of operation. The same means 38 or angled
annular   the lift ring 60. The means for providing the surface 38
cooperatively functions with a frusto-   40   pressures P1 and/or P2 have
been activated and, conical surface 88 ([err]) of the draw punch 80 to
therefore, the flange 144 of the draw punch piston define therewith and
therebetween means for       141 is bottomed against the annular face 145
forming an annular downwardly opening and         (Figure 1) of the stem 83
of the draw punch 80. diverging chamber 130 into which the formed
This positions the axial terminal face 36 of the radius R (Figure 7) can be
freely reformed without   45   reform pad 35 slightly above the flat
annular guidance or restraint (see Figures 8 and 9) during-  surface 138 of
the draw punch 80 (Figure 2). the upward stroke or movement of the lift
ring or  Upper end faces (unnumbered) of the lift pin disc annular forming
member 60 to form eventually an   91 and the lift pin spacer 94 are in
abutment with annular reinforcing bead having a radius Rr, again  an
undersurface (unnumbered) of the bumper as will be described more fully
hereinafter.  50   retainer plate 92 (Figure 1). The frusto-conical surface
88 merges with a pair  Conventional eccentric or cam means lower the of
convex radii 136,137 bridged by a generally flat  cutting punch holder 111
which causes the cutting annular surface 138. The curvature of the radii/
punch 75to contact (Figure 2) the peripheral edge surfaces 136 through 138
corresponds to the       portion PE of the blank Band then sever the same
curvatureofthesurface65ofthegroove64which   55   (Figure 3) forming the cut
edge CE. At this together therewith provides added guidance to     position
(Figure 3), the peripheral edge portion PE the inward metal flow during the
downward or      of the blank B is lightly gripped between the forming
stroke when the blank B is formed to its  cutting punch 75 and the opposing
draw die 70 final formed (though not reformed) configuration  which
slightly compresses the springs 48. (Figure 7).
60     The pressure P2 acting downwardly upon the A hex screw 140 is
threaded into a threaded     rod 120 continues to move the draw punch 80 in
a 



bore (unnumbered) of a draw punch shaft or        downward direction
causing initial deformation piston 141 having a blind bore 142, a plurality
of  of the peripheral edge PE of the blank B (Figure 4) seals 143 and a
peripheral flange 144 which can  without, at this time, the center panel CP
being bottom against an annular axial end face 145 of   65   clamped
between the faces 26, 36 of the 6    11              EP 0153115  B1
12 respective indent ring and reform pad 25, 35. The  spring or springs 93,
95 urge the lift pins 47 peripheral edge PE is, however, progressively
upwardly against regulated decrease in the withdrawn inwardly from between
the cutting        pressures P1 and/or P2 (Figure 8), a flange 160 of punch
75 and the draw die 70 (compare Figure 3    the can end 150 is clamped or
gripped between and Figure 4).                               5    the
surfaces 136 through 138 of the draw punch The continued downward fluidic
pressure P2       80 and the surface 65 of the lift ring 60 with a upon the
rod 120 progressively moves the draw      progressive upward movement
causing the angu- punch 80 downwardly (Figure 5) until a point is   lated
radius R (Figure 7) to be deformed pro- reached at which the surface 36 of
the reform pad  gressively through the plane of the center panel 35
contacts the center panel CP of the blank B and    10   CP of the blank B,
as is shown in an initial stage in clamps the same in conjunction with the
oppos-    solid lines in Figure 8. By comparing Figures 7 ing surface 26 of
the indent ring 25. Thus, from   and 8 it can be seen that the radius
portion Rc of this point (Figure 5) forward during the continua-  Figure 7
is generally reversed progressively from tion of the first or forming
operation, the central  the position shown in Figure 7 to that which it
panel CP remains clamped between the reform    15   eventually reaches in
Figure 9 while at the same pad 35 and the indent ring 25.
time the radius portion Rt is deformed pro- Eventually, the downward
descent of the draw     gressively and without restraint, guidance or con-
punch 80 reaches a position at which the force P2  finement into the
annular channel or chamber 130 is not only transferred to form the
peripheral edge  until the reinforcing bead is fully formed with a PE of
the blank B, but also to act indirectly   20   countersink radius (Rrof
Figure 9 or 155 of Figure therethrough to force the lift ring 60 downwardly
12) formed at its bottom. However, during the (Figure 6). During this
action, the groove 64 and  movement of the lift ring 60 and the draw punch
the surfaces 136 through 138 function to guide the  80 as aforesaid between
the position shown in inward metal flow as the blank B is progressively
Figures 8 and 9, the earlier tension portion Rt of formed toward the
eventual angulated radius R    25   the radius Rtends to deform or bend
more readily (Figure 7). From the position of the lift ring 60  as opposed
to the work hardened portion Rb shown in Figure 6 to that shown in Figure
7, the  which characteristically creates a relatively tight downward
movement of the draw punch 80 not        radius Rr and the reinforced
thickened "kink" only forces the lift ring 60 downwardly but this  between
the lines of demarcation L6, L7 (Figure force or pressure P2 is transferred
from the lift  30   12). ring 60 through the lift pins 47 (Figure 1) to the
lift  Upon completion of the return or reforming pin disc 91 and from the
latter to the lift pin spacer  stroke (Figure 9), the pressure P1 on the
draw 94, thus loading both springs 93 and 95 to obtain  punch shaft 141
(Figure 1) is released or lessened upon the return or reform stroke of the
press 10 a  and unclamping of the blank B occurs as the lift mechanical
force   approximating   907 kg   35   ring 60 continues its upward spring
biased return (2000 Ibs). thus, in addition to loading the springs  under
the mechanical forcer of the springs 93 and/ 93, 95, the draw punch 80 also
forms the final    or 95 until the phantom outline position of Figure
configuration of the flange 160 (see Figure 12) and  10 is reached by the
lift ring 60. Thereafter, the also forms the angulated radius R (Figure 7)
by   cutting  punch  holder 111  is mechanically stretching or tensioning
the central portion Rt   40   retracted to the final position shown in
Figure 11 between the radius Rb and Rc. As will appear      at which point
the can end can be conventionally more fully hereinafter, the tensioning in
the area  ejected. Rt is believed to provide the marked increase in
Reference is now made to Figure 12 of the flexibility of an annular wall
portion 152 of a   drawings which best illustrates the resultant completely
formed can end 150 (Figure 12) while   45   reinforced pressure resistant
can end generally the work hardening of the radius portion Rb
designated by the reference numeral 150. coupled with its eventual
reforming into the   .    The can end 150 includes a generally circular
reinforced bead (Figure 9) results in a "kink" or an  center panel or panel
portion 151, a flexible increased thickness portion beyond "nominal",
annular wall portion 152, a panel radius 153, a thickness at a portion of a
countersink radius 155   50   frusto-conical peripherally inner wall 154,
an between the lines of demarcation L6 and L7 of     annular exteriorly
upwardly opening reinforcing Figure 12. Thus, from the position generally
countersink radius or channel 155, a frusto-coni- shown in Figure 2 to that
shown in Figure 7, the  cal peripherally outer wall 156, a radius 157, an
draw punch 80 moved forcefully downwardly by      annular end wall 158 and
a peripheral edge 159 the pressure P2 is effective for exerting forces   as
with the latter three portions collectively defining sufficient to
transform the peripheral edge por-  a flange 160 which is utilized in a
conventional tion PE of the blank B to the configuration of the  manner to
double seam the can end 150 to the formed, though not reformed, blank B of
Figure 7.  can body. The reform or return stroke is initiated without  A
graph G has been associated with the can end 



any change in position of the blank punch slide   60   150 of Figure 12 to
graphically illustrate the assembly 110 and the cutting punch holder 111
variation in cross-sectional wall thickness of the and without in any way
reducing the clamping      can end 150 from the central panel 151 to the
action against the center panel CP of the blank B  frusto-conical
peripherally outer wall 156. The between the gripping means 25, 35, i.e.,
the      graph G depicts the percentage of change in indent ring 25 and the
reform pad 35. As the   as   gauge or thickness along the ordinate and the
7    13             EP 0153115  B1                     14 abscissa depicts
the change in gauge using the    line of demarcation L6. Lines /6 and /7
connect the countersink radius 155 as the "0" point. The end  respective
lines L6, L7 with points P6 and P7, is a 206 diameter "Carson" shell.
respectively, of the graph G. Similarly, lines /8 and The gauge or
cross-sectional wall thickness of  /9 connect the lines C4, C5,
respectively, with the circular central panel 151 of the can end 150 is
5    points P8 and P9, respectively, of the graph G. The generally
designated by the reference character  significance of the latter described
structure is the Th and on the graph G, this "nominal" thickness
significant increase from the "nominal" thickness is represented by the
horizontal dash line at     between the points P6 and P7 which results in a
"100". A line L1 represents the point of demarca-  thickening, compression,
or bulging of the tion between the circular central panel 151 and   10
material between the lines of demarcation L6 and the flexible annular wall
portion 152, although it  L7 and slightly radially outwardly beyond the
line must be recognized that the position of the line LI  L6. The material
in this area is visibly "kinked" is not exact but is amply adequate to
understand  exteriorly, and the exteriorly surface (unnum- the present
invention and the variations in the   bered) of the portion of the
countersink radius 155 gauge or wall thicknesses throughout the can end
15   and the frusto-conical wall 156 generally between 150, as will become
clear hereinafter. A line / has  the lines of demarcation L6 and L7 bulges
out- been used to reference the line of demarcation L1  wardly beyond an
outer surface 161 of the frusto- with a point P1 on the graph G to indicate
that to  conical wall 156 which, of course, from the graph the right of the
point P1, the "nominal" or       G is seen to progressively thin beyond
point P6. unformed thickness of the center panel 151 corre-   20   The
portion Rf of the countersink radius between sponds to the "nominal"
thickness of the blank B  the lines of demarcation L6 and L7 corresponds
prior to initiating the forming operation. A line of  generally to the
radius Rb (Figure 7) which is demarcation L2 indicates the outboard extent
of   believed to be slightly work hardened during the the flexible annular
wall portion 152 and the line  initial forming operation, and this
attendant loss /2 therefrom to the point P2 indicates on the graph   25
of flexibility permits not only the unrestrained G a progressive thinning
of the cross-sectional  reforming (Figures 8 and 9) of the radius R to the
thickness of the flexible annular wall portion 152  configuration of the
radius Rr in Figure 9, but also from point P1 to point P2.
the accumulation of metal in this same area Another line of demarcation L3
sets off with the  (between the lines L6 and L7). The increased line L2 the
extent of the panel radius 153 with a   30   thickness in the countersink
radius 155 at center line of the panel radius 153 being desig-  generally
the radially outboard portion Rf (Figure nated by the line C3. A line /3
connects the line L3  12) of the can end 150 results in desired end with a
point P3 on the graph G, while another line  reinforcement whereas the
progressively thinner /4 connects the line C3 with a point P4 of the
annular wall portion 152 results in desired end graph G. The configuration
of the curve passing   35   flexibility. between the points P2 and P3
indicates the wall    The can end 150 of Figure 12 is, of course, thickness
or gauge of the panel radius 153 essen-  constructed in the absence of
metal exposure, as tially decreases from  the line L2 and then       was
heretofore noted, and the coating C remains increases at the area of the
line C3 (Point P4) after  essentially homogeneous and uninterrupted on
which  the  cross-sectional thickness  again   40   the inner surface
(unnumbered) of the can end. abruptly decreases and increases toward the
This is, of course, achieved with flange height (F), point P3 and the line
L3. The increased thickness  flange length (Lf) and concentricity (D)
(Figure 12) generally in the area of the point P4 as compared  well within
design tolerances. to the progressive thinning of the annular wall
Although particular embodiments of the inven- portion 152 between the
points P1 and P2 renders   45  tion have been described and illustrated
herein, it the annular wall portion 152 somewhat more        will be
evident that various modifications are flexible than both the center panel
151 and the   possible without departing from the scope of the panel radius
153 thereby permitting the annular  invention as the same will now be
understood by wall portion 152 to flex under abuse, excess     those
skilled in the art and as defined in the internal pressure, or the like,
without failure.  so   appended claims. As an example, reference is Another
line of demarcation L5 sets-off the     made to Figures 13 and 14 which
have been frusto-conical peripherally inner wall 154 with the  provided
with like though primed reference line L3. A line 15 from the line of
demarcation L5 to  numerals to identify structure identical to that a point
P5 establishes the progressive decrease in  illustrated respectively in
Figures 7 and 9. In this wall thickness or gauge of the frusto-conical   55
case, the reform pad 35' has been modified by peripherally inner wall 154
from a point just     altering the overall configuration of adjoining
beyond point P3 toward, but not quite to, to point  surfaces 170 through
172 bridging the surfaces 



P5.                                               36' and 37'. The surface
170 is of an angular The reinforcing countersink radius 155 is set-off
configuration, similar to the surface 38 of the between the line of
demarcation L5 and another   60   reform  pad 35. However, the surface 172
is line of demarcation L6 between the two of which   radially outboard of
the corresponding radius 41' is a line C4 representing the radius of the
of the indent ring 25' and as a result the annular countersink 155 and a
line CS indicating the      downwardly opening chamber 130' abruptly bottom
of the countersink 155. Another line of    narrows at the cylindrical
surface 171. Thus, upon demarcation L7 is illustrated radially inward of
the   65   the return stroke or reform stroke upwardly of the 8    15
EP 0153115  B1                    16 lift ring 60', the radius R'r is
"tighter", as is most  over a convex surface 238 of the first draw die 280
readily apparent by simply comparing the radius   with the sleeve 275 and
the annular ring 220 Rr of Figures 9 through 10 with the radius Rr of
functioning as a sprung blank holder from Figure 14. This results in a more
rigid reinforce-  between which the peripheral edge PE" is even- ment of
the countersink radius 155' than that   5    tually withdrawn into the
sandwiched relation- provided by the reinforcing radius 155.           ship
between the sleeve 275 and the die 280 to It is also readily apparent and
within the scope  shape the peripheral edge PE" into a shallow of the
present invention to essentially reverse or  downwardly opening shallow
shell SS (Figure 17) flip-flop the position of the reform pad 35 and
defined by a substantial cylindrical wall CW and draw punch 80 relative to
the indent ring 25 and   10  the central panel CP". The downward motion of
lift ring 60. In other words, it is clearly within the  the first drawing
operation compresses a spring scope of this invention to have the indent
ring 25  (not shown but corresponding to the spring 93 of and lift ring 60
carried by the draw punch rod 120  Figure 1) through push rods 240 (Figure
15) so and the reform pad 35 and draw punch 80 carried  that the blank
bolding or clamping pressure by the die or bolster block assembly 12.    15
between the sleeve 275 and the annular ring 220 A modification as aforesaid
is illustrated in   is controlled as metal is drawn over the face 238
Figure 15 of the drawing in which a press or tool  of the draw die 280 to
form the inverted shallow assembly 210 is illustrated and comprises a
shell or cup SS of Figure 17. The continued punch or upper tool 211 and a
die or lower tool   drawing moves the punch 225 and the second 212. The
upper tool 211 includes a cutting punch   20   punch 235 downwardly toward
the position or sleeve 275, a holding ring or lift ring 260 within  shown
in Figure 18 in which the blank B" corre- the cutting punch or sleeve 275
and a first draw  sponds generally to the blank B of Figure 7, punch 225.
The components 225, 260 and 275 of     except, of course, the now
cup-shaped blanks B, the tool assembly 210 will be seen to correspond  B"
open in opposite directions (downwardly in to the like components 25, 60
and 75 of the press   25   Figure 7 and upwardly in Figure 18). The central
10. The lower tool 212 includes a blanking die or  panel CP" is, of course,
clamped between the cutting ring 276, a first draw die 280 surrounded
punch 225 and the punch 235 during the move- by an annular ring 220 in
alignment with the      ment thereof from the position shown in Figure
cutting sleeve 275 and a second or "redraw"       17 to the position shown
in Figure 18, and during punch or reform pad 235 within the first draw die
30   this downward movement the peripheral edge 280. The elements 235 and
280 correspond to the   PE" is drawn over the convex edge 238 of the die
elements 35 and 80 of the press 10.               280, as earlier noted. It
is after this formation of The upper tool 211 is mounted in a top plate 262
the peripheral edge PE" toward the end of the of a pillar die set
comprising at the top plate 262 a  stroke shown in Figure 18 that the
holding ring plurality of conventional guide pillars (not shown)   35   260
moves downwardly and now clamps the now and a bottom plate 252 which can
reciprocate     formed cover hook or flange 260' (Figure 18) relative to
the top plate 252 and during such     between the surfaces 238, 265 of the
respective movement is guided by the latter-noted pillars.   tooling
elements 280,260. The holding ring 260 is The tool or die assembly 210 of
Figure 15 is      residentally urged to act against the flange 260' mounted
in a "C" framed power press on a press   40   on the surface 238 of the die
280 by springs 239 plate 265 so that the top plate 262 is urged to  (Figure
15) and rods 241 in the upper tool 211 as reciprocate by the press ram (not
shown) and the  the punch or indent ring 225 begins to retract bottom plate
252 remains stationary on the press  upon the return motion of the press
ram. plate 265.                                         The return motion
of the press ram permits the In use, a sheet of metal is placed between the
45   punch 280 to cooperate with the redraw punch upper tool 211 and the
lower tool 212 and the   - 235 of the lower tool 212 which is urged by a
tools are closed by movement of the press ram     compression spring (not
shown but acting acting on the top plate 262 so that the cutting   through
a cross head and a plurality of rods 250) sleeve 275 cooperates with the
cutting ring 276 to  to progressively reform or deflect the center panel
cut out a circular blank B" (Figure 16) with the   50   CP" from the
position shown in Figure 18 to that waste material being designated by the
reference  of Figure 19. The latter movement progressively character W". As
in the case of the blank B of    generates the reinforced countersink
radius or Figures 2 through 11 of the drawings, the blank   anti peaking
radius 255 by a folding action essen- B" includes a center panel CP" and a
peripheral   tially identical to that heretofore described rela- edge PE".
55   tive to Figures 8 and 9 of the drawings. Thus, the 



After the cut out of the circular blank B",     eventually formed end or
shell 250 corresponds in continual downward travel of the press ram urges
structure and function identically to that hereto- the top plate 262 of the
die assembly to push the  fore described relative to the end or shell 150
sleeve 275 downwardly and through the per-       (Figures 11 and 12).
pheral edge PE" of the blank B" also pushes the   60  A detailed
construction of the various push rods annular ring 220 downwardly toward
the position   and springs under the press plate 265 are readily shown in
Figure 17. During the motion of the      understood by those skilled in the
art who will sleeve 275 and the annular ring 220 from the      also
appreciate that springs such as those oper- position shown in Figure 16 to
the position shown  ating the rods 240,250 could be replaced by other in
Figure 17, the peripheral edge PE" is formed   65   resilient devices, such
as a gas cushion or 9    17              EP 0153115  B1
18 hydraulic cylinders as forming operations may       (c) the central
portion of the blank is acted on by dictate. If preferred, a power press
having a     the draw punch during the first deformation step second
powered action may be used.                 and by the reform pad during
the second defor- Variations are also well within the scope of the  mation
step. invention as heretofore described relative to Fig-   5  2. A method
as claimed in claim 1 wherein the ures 15 through 19 of the drawings, and
one such  frusto-conical wall is allowed to thicken during variation is
apparent from Figure 18 to which     the first step. attention is now
directed. If during the first down-  3. A method as claimed in claim 1 or
claim 2, ward movement of the draw punch 225, the           characterised
in that the first deformation step is motion were continued beyond the
position   to   carried out by deforming the blank over a former shown in
Figure 18 the frusto-conical surface 256  comprising  two  spaced  annular
shoulders would merge with a cylindrical wall portion (not  adapted to
shape said radius so that it comprises shown) before merging with the
unnumbered         a work-hardened edge region formed adjacent radius of
the blank B". When such a can end is    one of the shoulders, the
work-hardened region reformed, the cylindrical portion CW' is pulled   75
of the radius providing, during the second defor- radially inward but any
spring back of the fold of  mation step, at least a part of the reinforcing
bead the radius or anti peaking bead 255 can be used to  with a wall
thickness greater than the wall thick- compensate for relaxing the curve of
the anti peak  ness of the radius prior to the second deformation bead.
step. In both the modification just described and that   20  4. A method as
claimed in any preceding claim, specifically described relative to the
press 10,  characterised in that the flange is gripped during while it is
highly desirable to use fluidic pressure  the second deformation step. (P1
and/or P2), it is also considered within the    5. A method as claimed in
any preceding claim, scope of this invention to selectively operate the
characterised in that said first deformation step draw punch rod 120 and
the draw punch piston   25   takes place in two stages, said first stage
compris- 141 through separate cams or eccentrics such that  ing turning the
peripheral portion of the blank the springs 93 and/or 95 can be loaded
during the  through approximately a right angle to form a forming stroke
under mechanical as opposed to     skirt for the blank and said second
stage compris- fluidic pressure. The reform pad 35 may also be    ing
drawing the central portion relative to the biased downwardly by a
mechanical spring rather   30   skirt, which skirt is carried over an
abutment than the fluidic/pneumatic pressure P1.            member to
transform it into the annular flange. 6. Apparatus for forming a reinforced
pressure Claims                                             resistant can
end from  sheet material, said apparatus comprising a cutting ring (76,
276), a 1. A method of forming a reinforced pressure-   35   cutting punch
(75, 275) enterable into said ring resistant can end comprising the steps
of provid-  (76, 276) to blank out a disc of material there- ing a
substantially planar metallic blank having a  between, an annular ring (70,
220) axially aligned central portion and a peripheral portion, deform-
with said cutting punch (75, 275) to support a ing the blank in a first
deformation step to cause  peripheral margin of the disc held against it by
movement apart of the central and peripheral   40   said cutting punch, a
draw die (80, 280) arranged portions to offset said portions out of a
common   coaxially and slidably within the cutting punch plane, thus
drawing the blank into a generally    and having an entry face to define a
surface of a flanged cup-shaped configuration defined by the    flange of
the can end and an interior surface central portion, a radius, a
frusto-conical wall and  which is frusto-conical, a holding ring (60, 260)
an annular flange, and, in a second deformation   45   arranged coaxially
and slidably within the annular step, causing movement towards one another
of     ring and axially aligned with the draw die so that the central
portion and annular flange to deform a  when in use peripheral material of
the blank is part of the metal of the can end, in the absence of  held
between the holding ring and the draw die, restraint, to form a reinforcing
bead for the can  and a draw punch (25, 225) arranged coaxially end
connecting 'the frusto-conical wall to the   50   and slidably within the
holding ring to form a central panel, and formed on the side of the
preliminary shell comprising a central panel (CP) central panel remote from
the flange charac-      and a connecting radius joined to a peripheral
terised in that                                   flange by a
frusto-conical wall characterised in 



(a)'the first and second deformation steps are  that, a reform pad (35,
235) is arranged coaxially carried out at the same work-station by the use
of  55   and slidably inboard of the draw die to engage the coaxial
relativly movable metal' forming tools   central panel opposite the draw
punch and said within the same tool set comprising pairs of      reform pad
(35, 235) is in axial alignment with punch and die sections which
co-operatively       said draw punch (25, 225) and means are pro-
interengage to form the can end, said punch       vided to effect relative
axial movement as sections as well as said die sections being circular   60
between the holding ring and the draw die (60, and concentrically
positioned within and about    260; 80,280) on the one hand and the draw
punch one another;                                      (25, 225) on the
other hand in a first direction to (b) the central portion of the blank is
located in  from the preliminary shell and subsequently to use at the
centre of the apparatus between a draw  effect relative axial movement as
between the punch and an axially opposed reform pad; and  65   holding ring
and the draw die (60,260; 80,280) on 10    17              EP 0153115 B1
18 hydraulic cylinders as forming operations may         (c) the central
portion of the blank is acted on by dictate. If preferred, a power press
having a       the draw punch during the first deformation step second
powered action may be used.                  and by the reform pad during
the second defor- Variations are also well within the scope of the   mation
step. invention as heretofore described relative to Fig-    5  2. A method
as claimed in claim 1 wherein the ures 15 through 19 of the drawings, and
one such    frusto-conical wall is allowed to thicken during variation is
apparent from Figure 18 to which       the first step. attention is now
directed. If during the first down-  3. A method as claimed in claim 1 or
claim 2, ward movement of the draw punch 225, the            characterised
in that the first deformation step is motion were continued beyond the
position    10   carried out by deforming the blank over a former shown in
Figure 18 the frusto-conical surface 256   comprising  two  spaced  annular
shoulders would merge with a cylindrical wall portion (not    adapted to
shape said radius so that it comprises shown) before merging with the
unnumbered           a work-hardened edge region formed adjacent radius of
the blank B". When such a can end is      one of the shoulders, the
work-hardened region reformed, the cylindrical portion CW' is pulled    15
of the radius providing, during the second defor- radially inward but any
spring back of the fold of  mation step, at least a part of the reinforcing
bead the radius or anti peaking bead 255 can be used to  with a wall
thickness greater than the wall thick- compensate for relaxing the curve of
the anti peak  ness of the radius prior to the second deformation bead.
step. In both the modification just described and that   20  4. A method as
claimed in any preceding claim, specifically described relative to the
press 10,    characterised in that the flange is gripped during while it is
highly desirable to use fluidic pressure  the second deformation step. (P1
and/or P2), it is also considered within the      5. A method as claimed in
any preceding claim, scope of this invention to selectively operate the
characterised in that said first deformation step draw punch rod 120 and
the draw punch piston    25   takes place in two stages, said first stage
compris- 141 through separate cams or eccentrics such that   ing turning
the peripheral portion of the blank the springs 93 and/or 95 can be loaded
during the   through approximately a right angle to form a forming stroke
under mechanical as opposed to       skirt for the blank and said second
stage compris- fluidic pressure. The reform pad 35 may also be     ing
drawing the central portion relative to the biased downwardly by a
mechanical spring rather   30   skirt, which skirt is carried over an
abutment than the fluidic/pneumatic pressure P1.             member to
transform it into the annular flange. 6. Apparatus for forming a reinforced
pressure Claims                                              resistant can
end from  sheet material, said apparatus comprising a cutting ring (76,
276), a 1. A method of forming a reinforced pressure-   35   cutting punch
(75, 275) enterable into said ring resistant can end comprising the steps
of provid-   (76, 276) to blank out a disc of material there- ing a
substantially planar metallic blank having a  between, an annular ring (70,
220) axially aligned central portion and a peripheral portion, deform-
with said cutting punch (75, 275) to support a ing the blank in a first
deformation step to cause  peripheral margin of the disc held against it by
movement apart of the central and peripheral   40   said cutting punch, a
draw die (80, 280) arranged portions to offset said portions out of a
common     coaxially and slidably within the cutting punch plane, thus
drawing the blank into a generally      and having an entry face to define
a surface of a flanged cup-shaped configuration defined by the     flange
of the can end and an interior surface central portion, a radius, a
frusto-conical wall and  which is frusto-conical, a holding ring (60, 260)
an annular flange, and, in a second deformation    45   arranged coaxially
and slidably within the annular step, causing movement towards one another
of   -   ring and axially aligned with the draw die so that the central
portion and annular flange to deform a  when in use peripheral material of
the blank is part of the metal of the can end, in the absence of  held
between the holding ring and the draw die, restraint, to form a reinforcing
bead for the can   and a draw punch (25, 225) arranged coaxially end
connecting the frusto-conical wall to the    50   and slidably within the
holding ring to form a central panel, and formed on the side of the
preliminary shell comprising a central panel (CP) 



central panel remote from the flange charac-        and a connecting radius
joined to a peripheral tensed in that
flange by a frusto-conical wall characterised in (a) the first and second
deformation steps are    that, a reform pad (35, 235) is arranged coaxially
carried out at the same work-station by the use of   55   and slidably
inboard of the draw die to engage the coaxial relatively movable metal
forming tools      central panel opposite the draw punch and said within
the same tool set comprising pairs of         reform pad (35, 235) is in
axial alignment with punch and die sections which co-operatively
said draw punch (25, 225) and means are pro- interengage to form the can
end, said punch         vided to effect relative axial movement as sections
as well as said die sections being circular   so   between the holding ring
and the draw die (60, and concentrically positioned within and about
260; 80,280) on the one hand and the draw punch one another;
(25, 225) on the other hand in a first direction to (b) the central portion
of the blank is located in  from the preliminary shell and subsequently to
use at the centre of the apparatus between a draw   effect relative axial
movement as between the punch and an axially opposed reform pad; and   65
holding ring and the draw die (60,260; 80,280) on 10    19             EP0
153 115 B1                    20 the one hand and the reform pad (35,235)
on the   tell und einem Umfangsteil, der Verformung des other hand in the
direction opposite to the first  Rohlings in einem ersten
Verformungsschritt zur direction to reform the preliminary shell to pro-
Bewirkung einer Auseinanderbewegung des Mit- vide a reinforcing bead
connecting the frusto-    telteiles und des Umfangsteiles, urn diese Teile
conical wall to the central panel; wherein, in use,   5    aus einer
gemeinsamen Ebene zu versetzen, the material of the central panel is
located      wodurch der Rohling in eine im allgemeinen mit between the
draw punch (25, 225) and the reform   Flanschen versehene schalenformige,
vom Mittel- pad (35, 235) and is acted on by the draw punch  tell bestimmte
Gestalt, einen Radius, eine kegels- during the drawing of the preliminary
shell and by  tumpfformige Wand und einen ringf8rmigen the reform pad
during the reforming of the pre-   to   Flansch gezogen wird, und in einem
zweiten liminary shell.
Verformungsschritt unter Bewirkung der Bewe- 7. Apparatus as claimed in
claim 6, charac-     gung des Mittelteiles und des ringformigen Flan-
terised in that the draw punch (25, 225) is formed  sches aufeinander zu
zur Verformung eines Teiles with a pair of spaced, coaxial shoulders for
des Metalls des Dosenendes bei Fehlen einer forming a work-hardened edge
region and   15   Einspannung, zur Bildung einer Versteifungssicke
stretched central region of the radius.          for das Dosenende, welche
die kegelstumpffor- 8. Apparatus as claimed in any of claims 6 or 7,  mige
Wand mit der Mittelplatte verbindet und an characterised in that the reform
pad (35, 235) Is  der vom Flansch entfernten Seite der Mittelplatte
contoured at its periphery to define with the draw  ausgebildet ist,
dadurch gekennzeichnet, daB ,    die (80, 280) an annular cavity selected
to form    20    (a) der erste und der zweite Verformungsschritt therein a
reinforcing bead of a predetermined     an derselben Arbeitsstation unter
Verwendung radius of curvature.                              von koaxial
relativ-beweglichen Metallformge- 9. A reinforced pressure-resistant can
end, com-  bungswerkzeugen innerhalb desselben Werk- prising a metallic
blank having a generally circular  zeugsatzes durchgefuhrt werden, der
Paare aus centre panel (151), a panel radius (153) joining the   25
Stanzstempel- und Matrizen-Teilen umfa~t, die centre panel to a generally
frusto-conical peri-  zur Bildung des Dosenendes zusammenwirkend pherally
inner wall (154) converging in a direction  ineinandergreifen, wobei sowohl
die Stanzstem- towards said panel radius and defining therewith  pel- als
auch die Matrizenteile kreisformig und and with said centre panel a
generally interior   konzentrisch in- und umeinander positioniert
frusto-conical chamber subject to  internal   30   sind; pressure when the
can end is flanged to an         (b) der Mittelteil des Rohlings bei
Verwendung associated can body, an annular exteriorly open-  in der Mitte
der Vorrichtung zwischen einem ing reinforcing countersink radius (155)
joining  Zugstanzstempel und einer axial gegenuberlie- said frusto-conical
peripherally inner wall with a  genden  Nachformungs-Druckunterlage  ange-
generally frusto-conical peripherally outer wall  35   ordnet ist; und
(156), said frusto-conical walls (154, 156) being in  (c) auf den
Mittelteil des Rohlings wahrend des diverging relationship relative to each
other in a  ersten Verformungsschrittes der Zugstanzstem- direction away
from said countersink radius, said  pel und wahrend des zweiten
Verformungsschrit- outer frusto-conical wall merging with a flange  tes die
Nachformungs-Druckunterlage wirkt. (158) adapted to be seamed to a can
body, and   40  2. Verfahren, wie in Anspruch 1 beansprucht, said metallic
blank having a nominal unformed     worin man die kegelstumpfformige Wand
wah- thickness reflected by the cross-sectional thick-  rend des ersten
Schrittes sich verdicken laHt. ness of unformed portions of said centre
panel      3. Verfahren, wie in Anspruch 1 oder Anspruch (151),
characterised in that at least the portion of  2 beansprucht, dadurch
gekennzeichnet, daS der said countersink radius (155) at its juncture with
46   erste Verformungsschritt durch Verformung des the outer frusto-conical
wall (156) has a cross-  Rohlings  Ober einem  Formgebungselement sectional
thickness which is greater than the   -    durchgefOhrt wird, welches zwei
im Abstand von- cross-sectional thickness of the unformed por-    einander
befindliche ringf6rmige Absatze umfa~t, tions of said centre panel (151).
die zur Formung des Radius ausgelegt sind, so 



10. A can end as claimed in claim 9, charac-   50   dal  er einen
kaltverfestigten  Randbereich terised in that there is a flexible annular
wall  umfalt, der angrenzend an einen der Absitze portion (152) between
said circular centre panel  ausgebildet ist, welcher kaltgehartete Bereich
des (151) and said panel radius (153), and said flexible  Radius wahrend
des zweiten Verformungsschrit- annular wall portion progressively thins in
cross-  tes zumindest einen Teil der Versteifungssicke mit sectional
thickness from said circular centre panel   55   einer Wanddicke, die
groBer als die Wanddicke to said panel radius, thereby transferring forces
des Radius vor dem zweiten Verformungsschritt which might otherwise cause
undesired distor-    ist, bildet. tion in use and/or impact of the can.
4. Verfahren, wie in einem vorhergehenden Anspruch beansprucht, dadurch
gekennzeichnet, Patentansprfche                             60   daR der
Flansch wahrend des zweiten Verfor- mungsschrittes erfaSt wird. 1.
Verfahren zur Formung eines verstarkten,       5. Verfahren, wie in einem
vorhergehenden durchbestandigen Dosenendes umfassend die         Anspruch
beansprucht, dadurch gekennzeichnet, Schritte der Schaffung eines im
wesentlichen      daB der erste Verformungsschritt in zwei Stufen planaren
metallischen Rohlings mit einem Mittel-  65   erfolgt, wobei die erste
Stufe des Umbiegen des    21              EP 0153115 B1
22 Randbereiches des Rohlings um etwa einen rech-    225) mit einem Paar im
Abstand voneinander ten Winkel zur Bildung eines Saumes fur den
befindlicher koaxialer Absatze zur Bildung eines Rohling umfal3t, und die
zweite Stufe das Ziehen  kaltgeharteten Randbereiches und eines gedehn- des
Mittelteils in bezug auf den Saum umfagt,     ten Mittelbereiches des
Radius ausgebildet ist. welcher Saum Ober ein Anschlagelement Stufe    5
8. Vorrichtung, wie in einem der Anspruche 6 dars Ziehen des Mittelteiles
in bezug auf den Saum  oder 7 beansprucht, dadurch gekennzeichnet, daG
umfaft, welcher Saum uber ein Anschlagelement     die
Nachformungs-Druckunterlage (35, 235) an gefuhrt wird, um ihn in den
ringf8rmigen Flansch  ihrem Umfang konturiert ist, um mit der Zugma-
unzuwandeln.                                     trize (80, 280) einen
ringformigen Hohiraum zu 6. Vorrichtung zur Formung eines verstarkten,   ?0
begrenzen, der gewAhlt ist, urn darin eine Verstei- druckbestindigen
Dosenendes aus Blechmate-        fungssicke von vorbestimmtem Krummungsra-
rial, welche Vorrichtung einen Schneidring (76,   dius zu bilden. 276),
einen in den Schneidring (76, 276) einfuhr-  9. Verst~rktes,
druckbestandiges Dosenende, baren Schneidstempel (75, 275) zum Ausstanzen
umfassend einen metallischen Rohling mit einer einer Materialscheibe
zwischen diesen, einen   r5  im allgemeinen kreisf6rmigen Mittelplatte
(151), axial mit dem Schneidstemoel (75, 275) fluchten-  einem
Plattenradius (153), der die Mittelplatte mit den ringformigen Reifen (70,
270) zur Abstutzung  einer im allgemeinen kegelstumpff6rmigen inne- eines
Urnfangsrandes der gegen diesen durch       ren Umfangswand (154)
verbindet, die in Rich- den Schneidstempel gehaltenen Scheibe, eine
tung zum Plattenradius konvergiert und mit die- koaxial und gleitend
innerhalb des Schneidstem-   20   sem und mit der Mittelplatte sine im
allgemeinen pels angeordnete Zugmatrize (80, 280), mit einer
kegelstumpffdrmige Innenkammer bildet, auf die Eintrittsfliche zur
Festlegung einer Oberfiache   ein Innendruck einwirkt, wenn das Dosenende
an eines Flansches des Dosenendes und einer inne-    einen zugehorigen
Dosenk8rper angeflanscht ist, ran, kegelstumpff6rmigen Oberfiache, einen
koa-   und einem kreisf8rmig sich nach auSen offnen- xial und gleitbar
innerhalb des ringf6rmigen Rei-  25   den eingelassenen Verstarkungsradius
(155), der fens angeordneten und axial mit der Zugmatirke    die
kegelstumpff6rmige innere Umfangswand fluchtenden Haltering (60, 260), so
dag wahrend   mit eaner im aligemeinen kegelstumpff6rmigen der Verwendung
Umfangsmaterial des Rohlings       Augeren Umfangswand (156) verbindet,
wobei zwischen dem  Haltering und der Zugmatrize        die
kegelstumpfformigen Wande (154, 156) in gehaten .wird, und einen koaxial
und gleitbar im   30   Richtung vom  eingelassenen Radius weg in Haltering
angeordneten Zugstempel (25, 225) zur   bezug aufeinander divergieren,
wobei die Augere Bildung eines Vorgehauses umfassend eine Mit-
kegelstumpfformige Wand in einen mit elnem telplatte (CP) und einen durch
eine kegelstum-    Dosenkorper durch eine Naht verbindbaren pfformige Wand
mit einem Umfangsflansch ver-      Flansch (158) ubergeht, und wobei der
metalli- bundenen Verbindungsradius umfagt, dadurch   35   sche Rohling
eine ungeformte Nenndicke auf- gakennzeichnet, dao  eine
Nachformungs-Druck-     weist, die durch die Querschnittsdicke ungeform-
unterlage (35, 235) innerhalb der Zugmatrize koa-  ter Teile der
Mittelplatte (151) wiedergegeben ist, xial und gleitbar angeordnet ist, um
mit der      dadurch gekennzeichnet, dao zumindest der Tell gegenuber dam
Zugstempel befindlichen Mittel-     des eingelassenen Radius (155) an
seiner Verbin- platte in Eingriff zu gelangen und die Nachfor-  40
dungsstalle mit der auBeren kegelstumpff6rmi- mungs-Druckunterlage (35,
235) mit dem Zug-       gen Wand (156) eine Querschnittsdicke aufweist,
stempet (25, 225) axial fluchtet und Mittel vorge-  die gr8Ber als die
Querschnittsdicke der unge- sehen sind, die eine axiale Relativbewegung
formten Teile der Mittelplatte (151) ist. zwischen dem Haltering und der
Zugmatrize (60,      10.. Dosenende, wie in Anspruch 9 beansprucht, 260;
80, 280) einerseits und dem Zugstempel (25,   45   dadurch gekennzeichnet,
dao zwischen der kreis- 225) anderseits in eaner ersten Richtung zur Bil-
fOrmigen Mittelplatte (151) und dam Plattenradius dung des Vorgehauses und
danach zur Bewir-       (153) ein biegsamer ringf6rmiger Wandteil (151)
kung einer axialen Relativbewegung zwischen       besteht, und dao die
Querschnittsdicke des bieg- 



dem Haltering und der Zugmatrize (60, 260; 80,    samen ringformigen
Wandteiles von der kreisf6r- 280) einerseits und der Nachformungs-Druckun-
50   migen Mittelplatte zum Plattenradius hin fort- terlage (35, 235)
anderseits in der zur ersten    schreitend abnimmt, wodurch Krifte, die
andern- Richtung entgegengesetzten Richtung zur Nach-     falls ein
unerwflnschtes Verzishen wahrend der formung des Vorgehauses zwecks
Schaffung          Verwendung und/oder einem Aufschlag der Dose einer die
kegelstumpff6rmige Wand mit der Mit-    bewirken konnten, weitergeleitet
werden. telplatte verbindenden Versteifungssicke bewir-  s5 ken; wobei
wahrend der Verwendung das Mate-       Revendieations rial der Mittelplatte
sich zwischen dem Zugstem- pel (25, 225) und der Nachformungs-Druckunter-
1. Procede pour former un couvercle renforce lage (35, 235) befindet und
wihrend des Ziehens  resistant 3 la pression comprenant les 6tapes des
Vorgehiuses der Zugstempel darauf einwirkt   60   consistant a fournir un
flan mitallique substan- und wahrend der Nachformung des Vorgehauses
tiellement plan compontant une portion centrale die
Nachformungs-Druckunterlage darauf ein-       et une portion p6riph6nique,
a d6former le flan au wirkt.
cours d'une premiere etape de d6formation pour 7. Vorrichtung, wie in
Anspruch 6 beansprucht,  entratner la separation des portions centralt et
dadurch gekennzeichnet, dao der Zugstempel (25,   65   p6riph6rique afin de
d6caler lesdites portions 12 I   illll 11111111111111    23
EP 0153115 B1                      24 hors d'un plan commun, emboutissant
ainsi le        coupe (76, 276), un poingon de coupe (75, 275) flan en une
configuration en forms de U g6n6rale-   pouvant p6n6trer dans ledit anneau
pour decou- ment a rebord d6finie par la portion centrals, un   per un
disque de mat6riau entre eux deux, un rayon, une paroi tronconique et un
rebord annu-     anneau circulaire (70,220) align6 axialement avec laire,
et, dans une seconds etape de d6formation,    s    ledit poingon de coupe
(75, 275) pour supporter a entrainer le mouvement l'un vers l'autre de la
une marge p6riph6rique du disque maintenu portion centrals et du rebord
annulaire afin de     contre lui par ledit poincon de coupe, une matrice
d6former une partie du m6tal du couvercle, on       d'emboutissage (80,
280) disposee coaxialement l'absence de contrainte, pour former une nervure
et do maniere a coulisser dans le poingon d'em- de renforcement pour quo le
couvercle relie la   10   boutissage et comportant une face d'entr6e pour
paroi tronconique au pan central, et form6e sur le  former une surface d'un
rebord du couvercle et c6t6 du pan central loin du rebord caract6rise en
une surface int6rieure qui est tronconique, un ce quo
anneau de maintien (60, 260) dispose coaxiale- (a) la premiere et la
seconds etape de d6forma-   ment et de maniere A coulisser dans l'anneau
tion ont lieu au mime posts de travail en utilisant   15   circulaire et
align6 axialement avec la matrice des outils de formage m6talliques
relativement      d'emboutissage afin qu'a l'utilisation le materiau
mobiles co-axiaux a l'interieur du m sme ensem-     pbripherique du flan
soit tenu entre l'anneau de ble d'outillage comprenant des paires de
sections   maintien et la matrice d'emboutissage, et un poingon et matrice
qui s'engagent mutuellement      poincon d'emboutissage (25,225) dispose
coaxia- de maniere concourante pour former le couver-   20   lement et de
maniere A coulisser dans l'anneau de cle, lesdites sections de poingon
ainsi quo lesdites  maintien pour former une coque preliminaire sections de
matrice 6tant circulaires et position-  comprenant un pan central (CP) et
un rayon de nees concentriquement les unes dans les autres      connoxion
raccorde A un rebord p6riph6rique par et les unes par rapport aux autres;
une paroi tronconique caracterise en ce quo, un (b) la portion centrals du
flan est situee A   25   tampon de reformage (35, 235) est dispose
l'utilisation au centre du dispositif entre un poin-  coaxialement et de
manibre A coulisser en dedans von d'emboutissage et un tampon de reformage
de la matrice d'emboutissage pour engager le oppos6 axialement; et
pan central A I'oppos6 du poingon d'emboutis- (c) la portion centrale du
flan subit l'action du  sage et ledit tampon de reformage (35,235) est en
poincon d'emboutissage pendant la premiere   x0   alignement axial avec
ledit poinson d'amboutis- etape de deformation et du tampon de reformage
sage (25, 225) et des moyens sont pr6vus pour pendant la seconds etape de
deformation.            effectuer un mouvement axial relatif entre l'an- 2.
Procede selon la revendication 1 dans lequel   neau de maintien et la
matrice d'emboutissage la paroi tronconique est autorisee A epaissir au
(60, 260; 80, 280) d'une part et le poinqon d'em- cours de la premiere
6taps.                   35   boutissage (25, 225) d'autre part dans une
pre- 3. Proc6d6 selon la revendication 1 ou 2,         miere direction afin
de former la coque prelimi- caracterise en ce que la premiere etape de
d6for-   naire et ensuite pour effectuer un mouvement mation consists A
deformer le flan sur un gabarit  axial relatif entre l'anneau de maintien
et la comprenant  deux  6paulements  annulaires           matrice
d'emboutissage (60, 260; 80, 280) d'une espaces adaptes pour faqonner ledit
rayon afin   40   part et le tampon de reformage (35, 235) d'autre qu'il
comprenne une region de bord 6crouie          part dans la direction
opposse A la premiere formee adjacente a un des epaulements, la region
direction afin de reformer la coque preliminaire ecrouie du rayon
fournissant, durant la seconds     pour fournir une nervure de renforcement
reliant etape de deformation, au moins une partie de la    la paroi
tronconique au pan central; dans lequel, a nervure de renforcement avec une
epaisseur de   45   l'utilisation, le materiau du pan central est situ6 



paroi superieure a l'dpaisseur de paroi du rayon   entre le poincon
d'emboutissage (25, 225) et le avant la seconds etape de deformation.
tampon de reformage (35, 235) et subit l'action du 4. Procede selon l'une
quelconque des revendi-    poincon d'emboutissage pendant l'emboutissage
cations precedentes, caract6ris6 on ce que Is      de la coque preliminaire
et du tampon de refor- rebord est saisi durant la seconde 6tape de   so
mage pendant le reformage de la coque prelimi- deformation.
naire. 5. Procede selon l'une quelconque des revendi-     7. Dispositif
selon la revendication 6, caracte- cations precedentes, caracterise en ce
quo ladite  rise en ce que le poingon d'emboutissage (25, premiere etape de
deformation a lieu en deux       225) est forme avec une pairs
d'epaulements phases, ladite premiere phase consistant A tour-  65
coaxiaux, espaces, afin de former une region de ner la portion p6riph6riquo
du flan approximati-   bord ecrouie et une r~gion centrals etir6e du vement
A angle droit pour former une bordure       rayon. pour le flan et ladite
seconds phase consistant a    8. Dispositif selon la revendication 6 ou 7,
emboutir la portion centrals relativement A la     caracterise en ce quo le
tampon de reformage (35, bordure, laquelle bordure est mise sur un element
60   235) est profile A as peripherie pour definir avec la de butle pour
transformation en rebord annu-       matrice d'emboutissage (80, 280) une
cavite lairs.                                             annulaire choisie
pour former au-dedans une 6. Dispositif pour former un couvercle renforce
nervure de renforcement d'un rayon predeter- resistant a la pression a
partir d'un mat6riau en  min6 de courburs. feuille, ledit dispositif
comprenant un anneau de   65  9. Couvercle renforce resistant A la
pression, 13 11111111111111 111 11111111111. *   C   L   M       *    25
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comportant un        r6cipient, et ledit flan metallique presentant une pan
central generalement circulaire (151), un      6paisseur non-formee
nominale refletee par rayon de pan (153) reliant le pan central a une
I'6paisseur en coupe transversale des portions paroi interne p6riph6rique
tronconique (154)       non-form6es dudit pan central (151), caracteris6
convergeant dens une direction vers ledit rayon    5    en ce qu'au moins
la portion dudit rayon de de pan et formant avec lui ainsi qu'avec ledit
pan  chanfreinage (155) A s8 jonction avec la paroi central une chambre
tronconique g6n6ralement      tronconique externe (156) presente une
6paisseur int6rieure soumise a la pression interne lorsque le  en coupe
transversale qui eat sup6rieure A l'6pais- couvercle est soude A un corps
de recipient        seur en coupe transversale des portions non- associ6,
une ouverture vers l'ext6rieur annulaire   70   form6es dudit pan central
(151). renforgant le rayon de chanfreinage (155) reliant    10. Couvercle
selon la revendication 9, caract6- ladite paroi interne p6riph6rique
tronconique      ris6 en ce qu'une parol annulaire souple (152) se avec une
paroi externe p6ripherique g6n6rale-     trouve entre ledit pan central
circulaire (151) et ment tronconique (156), lesdites parois tron-     ledit
rayon de pan (153), et ladite paroi annulaire coniques (154, 156) se
trouvant en relation de   is   souple perd progressivement en 6paisseur en
divergence l'une par rapport A l'autre dans une    coupe transversale dudit
pan central circulaire direction loin dudit rayon de chanfreinage, ladite
audit rayon de pan, transf6rant ainsi les forces qui paroi tronconique
externe fusionnant avec un       autrement pourraient cr6er une deformation
non rebord (158) adapte pour etre soude 3 un corps de  souhait6e a
l'utilisation etlou au choc du r6cipient. 20 25 30 36 40 45 50 56 60 66    


