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SYSTEMS AND METHODS FOR MAKING DECORATIVE

SHAPED METAL CANS
CKGROUND OF N
1. Fi vention
5 This invention relates generally to the field of consumer packaging, and

more specifically to metal cans, such as the steel and aluminum cans that are commonly
used for packaging soft drinks, other beverages, food and aerosol products.
2, Description of the Prior A cent Technolo
Metal cans for soft drinks, other beverages and other materials are of course
10  in wide use in North America and throughout the world. The assignee of this invention,
Crown Cork & Seal Company of Philadelphia, is the world's largest designer and
manufacturer of such cans. '
The art of making and packing metal cans is constantly evolving in
response to improved technology, new materials, and improved manufacturing techniques.
15  Other forces driving the evolution of technology in this area include raw material prices,
the nature of new materials to be packaged and the marketing goals of the large companies
that manufacture and distribute consumer products such as soft drinks.
Interest has existed for some time for a metal container that is shaped
differently than the standard cylindrical can in such a distinctive way to become part of the
20 product's trade dress, or to be otherwise indicative of the source or the nature of the
product. To the inventors best knowledge, however, no one has yet developed a practical
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compressed air caused the can wall to flow plastically until it assumed the shape of the

mold.

Technology such as that disclosed in the Hansson patent has never, to the
knowledge of the inventors, been employed with any success for the reshaping of drawn

10 and wall ironed cans. One reason for this is that the stress that is developed in the wall of
the can as it is being deformed can lead to defects that are potentially failure-inducing,
e.g., localized thinning, splitting or cracking. The risk of thinning can be reduced by
increasing the wall thickness of the can, but this would make shaped cans so produced
prohibitively expensive. The risk of splitting and cracking can be reduced by a process

15 suchas annealing, but at the expense of reduced toughness and abuse resistance of the
final product.

A need exists for an improved apparatus and process for manufacturing a
shaped metal can design, that is effective, efficient and inexpensive, especially when
compared to technology that has been heretofore developed for such purposes, and that

20 reduces the tendency of a shaped can to fail as a result of thinning, splitting or cracking.
S Y (8

Accordingly, it is an object of the invention to provide an improved
apparatus and process for manufacturing a shaped metal can that is effective, efficient and
inexpensive, especially when compared to technology that has been heretofore developed

25 for such purposes, and that provides insurance against intemal stresses within the can that
could cause thinning, splitting or cracking.

In order to achieve the above and other objects of the invention, a method
of manufacturing a metallic can body that is shaped distinctively in order to enhance its
visual presentation to consumers, includes, according to a first aspect of the invention,

30 steps of: (a) providing a can body blank; (b) providing a mold unit that has at least one
mold wall that defines a mold cavity conforming to a desired final shape of the can body
the mold unit being constructed of more than one part, at least one of the parts being
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Hansson, whbuatkvariily egerddingportions;(t)poiifiching the can body blank within the mold cavity so

as to precompress the can body blank with the inwardly extending portions of the mold

5 wall; (d)supplying a pressurized fluid into the mold cavity so that the can body blank is

forced by pressure against the mold wall, causing the can body blank to assume the desired

final shape of the can body, the precompression that is performed in step (¢) minimizing

the amount of outward deformation that is required to achieve the final shape of the can

body; and (e) substantially simultaneously with step (d), moving at least one of the mold

10  parts toward another in the axial direction.

According to a second aspect of the invention, a method of manufacturing a
metailic can body that is shaped distinctively in order to enhance its visual presentation to
consumers, includes steps of: (a) making a can body blank; (b) at least partially annealing
at least a portion of the can body blank, thereby giving the annealed portion of the can

15 body blank increased ductility; (c) providing a mold unit that has at least one mold wall
that defines a mold cavity conforming to a desired final shape of the can body, the mold
unit being constructed of more than one part, at least one of the parts being movable
toward another in a direction that is substantially parailel to an axis of the can body blank
during operation; (d) positioning the can body blank within the moid cavity; (e) supplying

20 a pressurized fluid into the mold cavity so that the can body blank is forced by pressure
against the mold wall, causing the can body blank to assume the desired final shape of the
can body; and (f) substantially simultaneously with step (), moving at least one of the
mold parts toward another in the axial direction.

According to a third aspect of the invention, an apparatus for manufacturing

25 ametallic can body that is shaped distinctively in order to enhance its visual presentation
to consumers includes structure for making a can body blank; molding structure
comprising a mold unit that has at least one mold wall that defines a mold cavity
conforming a desired final shape of the can body, said mold wall comprising inwardly
extending portionsand outwardly extending portions, the mold unit being constructed of

30 more than one part, at least one of the parts being movable toward another in a direction
that is substantially parallel to an axis of the can body blank during operation; positioning
structure for positioning the can body blank within the mold cavity so as to precompress
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her et of or exndEeM&d Gsh of the can body blank increased ductility; mold structure comprising a
mold unit that has at least one mold wall that defines 2 mold cavity conforming to a
desired final shape of the can body, the mold unit being constructed of more than one part,
at least one of the parts being movable toward another in a direction that is substantially
15 parallel to an axis of the can body blank during operation; positioning structure for
positioning the can body blank within the mold cavity; fluid supply structure for
supplying a pressurized fluid into the mold cavity so that the can body blank is forced by
pressure against the mold wall, causing the can body blank to assume the desired final
shape of the can body; and axial reduction structure for moving at least one of the moild
20 parts toward another in the axial direction..

These and various other advantages and features of novelty which
characterize the invention are pointed out with particularity in the claims annexed hereto
and forming a part hereof. However, for a better understanding of the invention, its
advantages, and the cbjects obtained by its use, reference should be made to the drawings

25 which form a further part hereof, and to the accompanying descriptive matter, in which
there is illustrated and described a preferred embodiment of the invention.
BRIEF F S

FIGURE 1 is a cross-sectional view taken through a can body blank or pre-
form that is constructed according to a preferred embodiment of the invention;

30 FIGURE 2 is a side elevational view of a shaped can bedy according to a
preferred embodiment of the invention;
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. FIGURE 4 is a fragmentary cross-sectional view through a mold unit in the
apparatus depicted in FIG. 3, shown in a first condition;
5 FIGURE 5 is a fragmentary cross-sectional view through a mold unit in the
apparatus depicted in FIG. 3, shown in a second condition;
FIGURE 6 is a schematic diagram depicting a pressure supply apparatus for
the mold unit depicted in FIG. 3;
FIGURE 7 is diagrammatical depiction of a precompression step that is
10 performed in the apparatus as depicted in FIG. 3;
FIGURE 8 is a diagrammatical depiction of a beading step in 2 method that
is performed according to a second embediment of the invention;
FIGURE 9 is a diagrammatical depiction of a spinning step in a method
that is performed according to a second embodiment of the invention; and
15 FIGURE 10 is a diagrammatical depiction of a knurling step that can be
performed as a second step in either the second or third embodiments of the invention
referred to above.
DETAI D EP ODIMENT
Referring now to the drawings, wherein like reference numerals designate
20 cormresponding structure throughout the views, and referring in particular to Figures 1 and
2, a can body blank or preform 10 according to a preferred embodiment of the invention is
the body of a two-piece can, which is preferably formed by the well-known drawing and
ironing process. Can body blank 10 includes a substantially cylindrical sidewall surface
12, a bottom 14, and necked upper portion 16. Alternatively, the upper portion of
25 cylindrical sidewall 12 could be straight.
As is well known in this area of technology, the can body blank 10 must be
washed after the drawing and ironing process, and then must be dried prior to being sent to
the decorator. The drying process typically is performed at a temperature of about 250
degrees Fahrenheit (which is about 121 degrees Celsius). According to one aspect of this
30 invention, the drying is performed at a higher temperature than is ordinary to partially
anneal at least selected portions of the can body blank 10. In Figure 1, a heat source 18 is
schematically depicted, which is preferably part of the dryer assembly, but could be at any
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Altematively, the partial annealing could be performed in an oven such as
the lacquer or decorator oven, rather than in the dryer.

15 Altematively, can body blank 10 could be fabricated from steel instead of
aluminum. In this case, the preferred temperature range for partial annealing would be
substantially within the range of 1112 degrees Fahrenheit (600 degrees Celsius) to about
1472 degrees Fahrenheit (800 degrees Celsius). More preferably, the partial annealing
would be performed at approximately 1382 degrees Fahrenheit (750 degrees Celsius).

20 Referring now to Figure 2, shaped can 20 is decorated and shaped
distinctively in order to enhance its visual presentation to consumers. As may be seen in
Figure 2, can body 20 includes a bottom 26, a shaped sidewall 22 that is shaped to
substantially deviate from the standard cylindrical can body shape, such as the shape of
can body blank 10. The shaped sidewall 22 includes areas, such as ribs 30 and grooves 32,

25 where accentuation of such deviations from the cylindrical shape might be desired.
According to one important aspect of the invention, decoration is provided on the external
surface of the shaped sidewall 22 in a manner that will accentuate those areas of the
sidewall where accentuation of the deviation from the cylindrical shape is desired. As
may be seen in Figure 2, a first type of decoration, which may be a lighter color, is

30 provided on the rib 30, while a second type of decoration 36, which may be a darker color,
is provided within at least one of the grooves 32. By providing such selective decoration,
and by properly registering the decoration to the deviations in the shaped sidewall 22, a
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5 inthe traditional double seaming process.

According to the preferred method, after the partial annealing by the heat
source 18 at the drying station, can body blank 10 will be transported to a decorator, where
the distinctive decoration will be applied while the can body blank 10 is still in its
cylindrical configuration. Markers might also be applied during the decorating process

10 that can be used for registration of the decoration to the mold contours during subsequent
forming steps, which will be described in greater detail below.

Referring now to Figure 3, An apparatus 38 is depicted which, according to
the preferred embodiment of the invention, is provided to manufacture a shaped can 20 of
the type that is depicted in Figure 2. As may be seen in Figures 3, 4 and 5, apparatus 38

15 includes a2 mold 40 having a mold wall 46 that defines a mold cavity 42 conforming to the
desired final shape of the shaped can body 20. As is shown diagrammatically in Figure 7,
the mold 40 is of the split wall type and the mold wall 46 will include inwardly extending
portions 48 that are less in diameter than the diameter D, of the cylindrical sidewall 12 of
the can body biank 10 depicted by the dotted lines in Figure 7b. The mold wall 46 will

20 also include a number of outwardly extending portions that are greater in diameter than the
diameter D, of the sidewall 12 of the can body blank 10. In other words, the inwardly
extending portions 48 tend to compress the cylindrical sidewatl 12 of the can body blank
10 to the position 12' shown by the solid lines in Figure 7b, while the sidewall 12 of the
can body blank 10 must be expanded to conform to the outwardly extending portions 50 of

25 the mold wall 46. Preferably, the perimeter of the cylindrical sidewall remains a constant
length when compressed in this manner so the perimeter of the cylindrical compressed
sidewall 12’ is the same length as the circumference of the sidewall 12 of the can body
biank 10.

As is best shown in Figure 3, the mold unit 40 has three die parts 82, 46 and

30 84 which comprise neck ring, mold side wall and base support, respectively. The die parts
are separated from each other by gaps or "split lines” 86 and 88. For ease of machining,
the base support die 84 is made in two parts, with a central part 90 supporting the base
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one of the gi&bsland a lower piston 104, 106 which together apply a load to both ends of the can in
the mould cavity 42. Lower piston 106 is moveable upwards by structure of a pressurized
air supply which is fed to the piston via passage 108. Similarly, the upper piston is
moveable downwards by structure of a pressurized air supply whicﬁ is fed to the piston via
15 passages 110 and 112, In the preferred embodiment shown, the passage 110 is connected
to the central bore 100 of the mandrel 98 so that the upper piston and can cavity share a
common air supply. The common air supply is split for the piston 104 and cavity at the
junction of the air passage 112 and the central mandrel bore 100, within the piston 104 so
as to minimize losses and to maintain the same pressure supplied to the cavity and piston.
20 Preferably, means are provided to control the flow rate of air supplied to each piston and
the cavity. Cavity pressure and piston pressure can therefore be closely controiled.
A schematic circuit diagram which shows how air is supplied to the pistons
and can cavity is shown in figure 6. In the figure, the upper piston 104 and seal and
support rings 92,94 are shown schematically as a single unit 114. Likewise, the base
25 support 84,90 and lower piston 106 are shown as a single unit 116. Units 114 and 116 and
neck ring 82 are movable, whereas the side wall die 46 of the mold is shown fixed.
The circuit comprises two pressure supplies, Pressure supply 118 supplies
pressurised air to the top piston 104 and cavity of the can within the mold cavity 42.
Pressure supply 120 supplies pressurised air to the lower piston 106 only.
30 The two supplies each comprise pressure regulators 122,124, reservoirs
126,128, blow valves 130,132 and exhaust valves 134,136. In addition, the lower pressure
supply 120 includes a flow regulator 138. Optionally, the upper pressure supply 118 may
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Typically, high pressure air of around 30 bar is introduced to the can cavity
5 and to drive the top of the can. The air pressure to drive the bottom piston 106 is typically

around 50 bar, depending on the piston area. The air pressure within the mold cavity 42

provides the force which is required to expand the can body blank outwards but also

applies an unwanted force to the neck and base of the can which leads to longitudinal

tension in the can side wall. The two pistons are thus used to drive the top and the bottom
10 ofthe can, providing a force which counteracts this tension in the can side wall.

The pressure of the air supplied to the pistons is critical in avoiding faiture
of the can during forming due to either splitting or wrinkling. Splitting will occur if the
tension in the can side wall is not sufficiently counteracted by the piston pressure, since
the pressure in the pistons is too low. Conversely, the pressure of the air supplied should

15 not be so high that this will lead to the formation of ripples in the side wall.

For this reason, preferably no stops are required to limit the stroke of the
pistons, If the stroke were limited, the can might not be fully expanded against the mould
wall before the pistons reached the stops. If this occurs, the tension in the can side wall
would cease to be balanced by the piston pressure with a consequent risk of splitting. In

20 effect, the contact of the expanded can with the side wall of the mould prevents further
movement of the pistons.

It should be noted therefore that the balance between the can cavity
pressure and the piston pressure is preferably maintained at all times throughout the
forming cycle so that the rate of pressure rise in the cavity and behind the pistons should

25 be balanced throughout the cycle, particularly when the can wall yields. The rate of
pressure rise can be controlled by the flow regulator 138 or by adjusting the supply
pressure via the pressure regulators 122,124,

By adjusting the can cavity pressure versus the pressure that is applied to

move the mold elements 82, 46, 84 towards one another, the apparatus may be operated in
30 one of three different ways. By minimizing application of pressure to the outer mold parts

82,84, the apparatus may be operated so as to simply move the mold parts toward another

without exerting any force on the can body. This will reduce the gaps 86, 88 in the mold
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FIGJRE 3 is a diagrammtical view of An apparatus for making a shaped
. can body according to a preferred enbodi nent of the invention;
FIGURE 4 is a fragnentary cross-sectional view through a nold lelst
appar at uswoepiizoed in FIG 3, shown in a first conditior'l’,c'"ug"‘i'l
FIGURE 5 is a fragnentary cross-sectjonal view through a nold unit in the
apparatus depicted in FIG 3, showt9 7 a second condi tion;
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di agr amairéduoé bul@pt fdcksearilp hewtralifCHQANMINCITSINRES cFéalid ih Batsidetvall Of hECAPr Med i n

t he appargta}; as degng,tedin FlGB 3; L FIGURE 8 is a

di agr anmaLPELFurg SREANSIGR. Hftermatiishi by providing ingreased isesswig to drive the outey s

per o Mol nfié pirfitiNiarti Snétartiice A IBRNOHIERA o bobf Torck RppliL B the can

FIGURE 9 is a diagrammatical deprction of a spinning ep In a nethod .
that i S poednwhieh isssubsantialyequel tg thesaxial tensibdxtadisiin fite caf bedyssidemallthion; and 15

per 1 or red PR dng kAN AT R fibtoiEthe Linta kol chentl FaRBIE A ront s of the
I nvent i on possible spdifttinig. eXithird nmaide vEoperation would be to ploVidk birbvdnfpnéar PidsGe OF THE

PREFERREDmE M?\%D M@'ﬁg xggld parts toward one another in order to apply an axially compressive

in the

force to the can body that would be greater than what would be necessary to cancel the
10 tensile stress in the sidewall during operation. A net compressive force is believed to be
preferable provided that such a force does not lead to the formation of wrinkles.

In order to form the can, the blow valves 130,132 are first opened. Itis
possible to have a short delay between the opening times of the blow valves if required to
obtain a better match between the piston and cavity pressures but there will then need to

15 be a higher rate of pressure rise for one circuit in order to maintain this balance. A delay
can also be used to compensate for different pipe lengths, maintaining a pressure balance
at the time of forming. The upper supply 118 is split for the piston 104 and cavity as close
as possible to the piston 104 as described above in reference to Figure 3.

The apparatus is designed so that, at the latest, when each piston reaches its

20 maximum travel the can is fully reshaped and the gaps 86, 88 are not closed up at the end.
Closing of the gaps can lead to splitting of the can due to excessive tension in the side wall
in the same way as does limiting movement of the pistons before full expansion has
occurred. However, the final gap should not be excessive since any witness mark on the
side wall becomes too apparent, although removal of sharp edges at the split lines

25 alleviates this probiem.

Once the shaping operation is completed, the air is exhausted via valves

134 and 136. Clearly the exhaust valves are closed throughout the actual forming process.
It is important that both supplics are vented simultaneously since the compressive force
applied by the pistons to balance the cavity pressure (longitudinal tension) may be greater

30 than the axial strength of the can so that uneven exhausting leads to collapse of the can.

As may best be seen in Figure 4, the can body blank 10 is preferably
positioned within the mold cavity 42 and its interior space is sealed into communication



Referring now to the drawi ngs, wherein |like reference nunerals designate 20
correspondi ng structure_ throughout the views _and referri-Rg—+A—parti-cul ar

To Figures 1 and 2, a can body blank or preform 10 according to a
-preferred enbodi nent of the invention is t he body of a two-piece can,
which is preferably formed by the well-known draw ng and I roni ng

process. Can b %bl ank 10 includes a substantially cyli agraussmhsmsdewal |
surface 91’3, a bottom 14, and necked upper portion 16. Alternatively,
t he upper portion of 25 «cylindricalisidewall 12 could be straight.

As is well known in this area oftechnol ogy, the can body blank 10 nust be

washed af t evith dwurtedfipressusizad fluid)as dgciiedabowe, Axnshytbeaeenin Figubesd,eche ed pri or
to being sent

per f or mad &PviEy S devenet s 5o wuptn sighirompressigt b corser BRRE Y 2¥isis ch 1 <
about 121 dp@nebthefen. STHES prefestily stchtlplihe®DEFARING Se RSld bi¥emblF efementivent i on,
the drying is perforned at a higher tenperature than is ordinary to
partial |y into halysndhp4cshowa inskiigure f dhat atg spiitspizptoesioseable abant theean bodunk 10.
o LA, Sk G UG Kby of o SEUGTURL) 2071100 WP 1
As the mold halves 52, 54 close about the cylindrical sidewall 12, the

inwardly extending portions 48 of the mold wall 46 thus compress or precompress the

cylindrical sidewall 12 by distances up to the amount R, shown in Figure 7. Afterthe

mold has been closed and sealed and pressurized fluid is supplied into the mold cavity 46

10 so as to force the can body blank 10 against the mold wall 46, can body blank 10 will be
forced to assume the desired final shape of the shaped can 20. The state of the shaped
sidewall 22 is shown after the step in Figure 5. In this step, the cylindrical sidewall 12 of
the can body blank 10 is expanded up to an amount R, again shown diagrammatically in
Figure 7.

15 Preferably, the precompression that is effected by the closing of the mold
haives 52, 54 is performed to deflect the sidewall 12 of the can body blank 10 radially
inwardly by a distance of R,, that is within the range of about 0.1 to about 1.5 millimeters.
More preferably, this distance R,, is within the range of 0.5 to about 0.75 millimeters. The
distance R,,, by which cylindrical sidewall 12 is radially expanded outwardly to form the

20 outermost portions of the shaped sidewall 22 is preferably within the range of about 0.1 to
about 5.0 millimeters. A most preferable range for distance R, is about 0.5 to 3.0
millimeters. Most preferably, R, is about 2 millimeters. '

To understand the benefit that is obtained by the precompression of the
cylindrical sidewall 12 prior to the expansion step, it must be understood that a certain

25 amount of annealing or partial annealing may be useful, particularly in the case of
aluminum can bodies, to obtain the necessary ductility for the expansion step. However,
the more complete the annealing, the less strong and tough the shaped can 20 will
ultimately be. By using the precompression to get a significant portion of the differential
between the innermost and outermost portions of the pattern that is superimposed onto the

30 final shaped can 20, the amount of actual radial expansion necessary to achieve the desired
pattern is reduced. Accordingly, the amount of annealing that needs to be applied to the
can body blank 10 is also reduced. The precompression step, then, allows the desired
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PCT/ US96/ 14913 point in the apparatus prior to the nolding unit. As
wi |1 be discussed in greater detail bel ow, can body blank 10 is
. preferably formed of alum numand the partial annealing is preferably

acconplished at a tenperature that is substantially within the range of
about wo3TBR70egr ees Fahrenheit (about 190.5 degrees FﬁT@?ﬁé‘f’lPo about
550 degrees Fahrenheit 5 (about é§8 degrees Celsius), with a nore
preferred range of about 450 degre Fahr enhei t (about 232 degrees

Cel sius) to, about 500 degrees, Fahrenhej bout. 260 degrees | si us),

and a ms?ﬁ‘ﬁ%t?g’ﬁ'é@w&geéiroé‘t%ﬁ'%aﬁ%Céﬁéﬁﬁ‘ﬁ?@‘ﬂ% BAPRI t (about 246

degrees  resultanfiteaithdgss, this rerristinigithe SMihdridal siléwdl 12 3aa bbdiblamhicch woul d
degrees Fahrenheit (about 353 degrees

be at te ratures quer 650 . ( _
Cel si us) .nP"%‘?Zmﬁlfﬁﬁéggﬁﬁf‘sP‘h‘;é‘b'ﬁaf?‘tti"éltypﬁﬁﬁﬂmsﬁg is to 10 give the can body
bl ank 10 enough ducAd ddete¥nbo8i s m,pﬁﬂ” h as is
shown in Figure 2 of tﬁe (ljlr a#ﬁb?p:dﬁ%@g’g%?stgug n@?%@ﬁ%er?%v%ul d be
possi bbe pdrousynateria so as to allpwair tappadibetecn thieisidewalh nfibe bachody blank and

Al ternatiyel | . in L.d Db erf.or in. oven such as
he 1 acquite i P el Yo B R o R e e i oty Sy

Al t er nat i seqhiyed. e shcktmatetialikpotGusaeel, shhivh i§ @mmerauRyavallsblie f6@AGARSt ead of

al um num _ | .tgis case, the preferred tenperature range for partial
anneal i ngL?/thﬁ’ wgen.

For purposes of quality monitoring and control, fluid pressure within the

10 mold cavity 46 is monitored during and afier the expansion process by structure of a
pressure monitor 69, shown schematically in Figure 5. Pressure monitor 69 is of
conventional construction. If the can body develops a leak during the expansion process,
or if irregularities in the upper flange or neck of the can creates a bad seal with the gas
probe, pressure within the mold cavity will drop much faster in the mold chamber 46 than

15 would otherwise be the case. Pressure monitor 69 will sense this, and will indicate to an
operator that the can body might be flawed.

In the case of steel cans, pressure within the mold chamber could be made
high enough to form the can body into, for examgle, a beading-type pattern wherein a
number of circumferential ribs are formed on the container.

20 A second method and apparatus for manufacturing a metallic can body that
is shaped distinctively in order to enhance its visnal presentation to consumers is disclosed
in Figures 7 and 9 of the drawings. A third embodiment is depicted in Figures 8 and 9 of
the drawings. According to both the second and third embodiments, a distinctively shaped
metallic can body is manufactured by providing a can body blank, such as the can body

25 blank 10 shown in Figure 1, that has a sidewall 12 of substantially constant diameter, then
radiatly deforming the can body blank 10 in selective areas by selected amounts to achieve
an intermediate can body 74 that is radially modified, but is still symmetrical about its
access, and then superimposing a preselected pattern of mechanical deformations onto the
intermediate can body 74. Describing now the second embodiment of the invention, a

30 beading apparatus 62 of the type that is well known in this area of technology includes an
anvil 66 and a beading tool 64. A beading apparatus 62 is used to radially deform the can
body blank 10 into the radially modified intermediate can body 74 shown in Figure 9. The



substantially within the range of 1112 degrees Fahrenheit (600 degrees

Cel si us) to_about 1472 degrees Fahrenheit—(-880—degrees—Eetsius). Mre
preferably, the partial annealing woul d be perforned at approxi mately
1382 degrees Fahrenheit (750 degrees Celsius). 20

Referring now to Figure 2, shaped can 20 is decorated and shaped

di stincti v%é‘”fﬁ.,&rder to enhance its visual presentationpdpusssnsasers. As

may be seen Th Figure 2, can body 20 includes a bottom 26, a shaped
sidewal | 22 that is shaped to - g@8bstantially deviate fromthe standard
cylindrical can body shape, such as the shape of can body bl ank 10.

The shaped inteﬁn@diathcmbddydﬂmtmydxmmﬁguh: %hasnidm{(ﬁ&aﬁmdt@ﬁmmm 32, 25

wher e accent uation of such de Lat the dri cal a m ht be
desired.  Dave “%8’88‘?"&’{’}?3"? *’(ﬁﬂﬁ? Yt‘fy RECSFH ‘?fséﬁﬁ r?°d39
decoration 7& RkHifigthobT6 i%'ﬂﬁ:n%!éd&b@ﬁﬂenmpose msy.@ta&eed%nérhefﬁeaﬁﬁﬂaxsl dewal |
22 in a manner that wil|] accentuate those areas of the dewal | where

accent uat | offfermatipgs, Hethisgasedibs ARbEFPO YRS AR thnwmﬂxa@wa@bodysmasgg Red. As
my be Sgenpdsﬁbﬁ'tgﬂfo@ugeas%a{»édrcﬁﬁ2@8%:3%%8%&1913 5&4&;?“ may be a lighter

color, is 3 0 provided he rib a secon pe of decoration
36, which may be a ddnRerthigherbodiment, shows impFiguesi®and, alspinniag uhie68is one of

(e 9 00Vl Bl BB UER | 684 EaTSRIDAN, Wy o S,

properly reglsterlng ons I n 5ped
si dewal | 22intexmediate can body 74. Spinning unit 68 includes, as is well known in the technology,

a mandrel 70 and a shaping roller 72 that is opposed to the mandrel 70. After this process,
10 the knurling step shown in Figure 9 is preferably performed on the so formed intermediate
can body 74 in a manner that is identical to that described above.

Alternatively to the knurling step shown in Figure 9, the intermediate can
body 74 produced by either the method shown in Figure 7 or that sh_uwn in Figure 8 could,
alternatively, be placed in a pneumatic expansion die or mold unit 40 of the type that is

15 shown in Figures 3-5. Intermediate can body 74 would then be expanded in a manner that
is identical to that described above in order to achieve the shaped can 20.

In the second and third methods described above, the can body blank 10 is
also preferably partially annealed by the heat source 18 during the drying process, but,
preferably, to a lesser extent than that in the first described embodiment. Preferably, the

20 annealing for the second and third methods described above is performed at a temperature
that is within the range of about 375 degrees Fahrenheit (about 190 degrees Celsius) to
about 425 degrees Fahrenheit (about 218 degrees Ceisius). The methods described with
reference to Figures 7 and 8 thus require less annealing than that described with respect to
the previous embodiment, meaning that a stronger shaped can 20 is possible at a given

25 weight or wall thickness, or that the weight of the shaped can 20 can be reduced with
respect to that produced by the first described method. Disadvantages of the second and
third methods, however, include more machinery and greater mechanical complexity, as
well as more wear and tear on the cans, spoilage and possible decoration damage as a
result of the additional mechanical processing and handling.

30 It is to be understood, however, that even though numerous characteristics
and advantages of the present invention have been set forth in the foregoing description,
together with details of the structure and function of the invention, the disclosure is
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synergistic visual effect can be obtained that woul d be inpossible to
~ obtain al one by shapi ng the can or by decorating the can.

Referring again to Figure 2, shaped sidewall 22 also has a flat area 28,
wher e Wripdgifes a | abel night be applied, and is cl oseBCHYSHWHHN end 24,
which is applied 5 in the traditional double seam ng process.

According to the preferred nethod, ¥fter the partial annealing by the heat
source 18 at the drying station, can body blank 10 will be transported to a
decor at or illuskmtive only, and chargesimay bemads;ia dgial sspacially inmatter,ef shapsh §1281 whi | e t he

can bod i j Y i P 0 < f J j Var ker s
y Q‘k‘ﬁ“e}&é‘ : dnd oﬁﬁcﬁrk :wrl]%ﬁht tﬁ% ﬁlarémples of S lhw;&hb&&hhg gm exgedf AlicaRd

m ght al so I ed | corating process 1 hat can be used
for regi sby teeibooadgenerslanadping ofithe teyms in which thelappended claims athaxpregsedubsequent

form ng st.eps,..whi 1 b Lheg | r er il.helo
Ref erri ngAﬁtgwh?‘éehf—'?%ur%& él,e, ciﬂﬁg%ﬁ%% tbscog@q}egg%’eegi g? {et%n%%vl%@ Flo,c Accor di ng to
t he pref egichts @ dbmviedmnt profess, adrawsthiriedam procesy) boby didsketpiecomridedot ure a

shaped can 20 o
P cementecI mantfacturing process.




the type that is depicted in Figure 2. As may be seen in Figures 3, 4 and

5 a _ gncl udes a nnld 40 havinga-nmold-wall—46-t+hat—defines a
“nol dq@mgmzﬂmmﬂflmm ng to the desired final shape of the shaped
ody LAY |

-can b | 8 shown diagrammatically in Figure 7, the nmold 40 is
of the split wall type and the nold wall 46 will include inwardly extending
portions %ow%tmsare | ess in dianeter than the di aneter Rorasssnsses
cylindrical sidewall 12 of t he can body bl ank 10 depicted by the

dotted lines in Figure 7b. The nol-digakl 46 will 2 0 also include a nunber
of outwardly extending portions that are greater in dianmeter than the
di anet er ATIS 12 ofthe can body bl ank 10. In other words,

anal |
the inwardly tendin rtions 48 tend to conpress .the cylindrical
sidewal | 12 of the dan b%‘&?‘g‘ﬂg‘gﬂﬁ"ﬂ“ﬁam@éaﬁﬁéﬁﬁ%ﬂﬁg@ﬂ%&fsi Ped hown by t he
sol i d |i negisfirttivéld i Grdettio enfadeSitsiviciaPhrepalibn th2oRfunleRS comprisingGips BRAY bl ank

10 nust be expanded to conformto the outwardly extending portions 50 of 25
the mold wal | 46. Pr@¥er Making acaabodyrblapke er of the cylindrical sidewal |

O e sd oMLt ) g, oL phdhEARRRARE pbioh B e BRIRAY bffli |

perinmeter of the cylindrical Conpresse 'sane
| engt h as thesby givingriheamoealed poitionef the chpbeily bladk inéreasad decilihody bl ank

10 A t,sh hn Fhaure 3 h nit 40 has
three die parts 82, (5)6 a@gp‘)ﬁdiféjgéﬁld\?ﬁ#\cﬁm%ﬁ%ﬁ%%@nﬁ&o&&‘rvlgl%g'?l%&un&s%i de wal |
and base smplicavity confgrmidg to aldgsired finalsh@peadtiiean body, ssidenddmdt bdigdl f r om each
ot her by gaps or S split _lines" 86 .,and 88.. Eor ease of chi ni ng, t he
base suppof “Wdé’jpl?‘ge ﬂ‘ﬁﬂgnqW"f%eﬁh?‘{eﬁfsﬁﬁws}eﬂgﬁ?‘fvgﬁeﬁ%ﬁ“’t‘d g’@f’t‘é‘iﬁpport i ng
the base inadirection that is substantially paraile! to an axis of the can body blank during

operation;

{d) positioning said can body blank within said mold cavity;

{e)  supplying a pressurized fluid into said mold cavity so that said can
body blank is forced by pressure against said mold wall, causing said can body blank to

15 assume the desired final shape of the can body; and

§3) substantially simultaneously with step (e), moving at least one of
said mold parts toward another in the axial direction,

2. A method according to claim 1, wherein said partial annealing step
is performed at a temperature that is within the range of about 375 degrees Fahrenheit

20 (190.5° C) 1o about 550 degrees Fahrenheit (288° C).

3. A method according to claim 2, wherein said partial annealing step
is performed at a temperature that is within the range of about 450 degrees Fahrenheit
(232° C) to about 500 degrees Fahrenheit (260° C).

4. A method according to claim 3, wherein said partial annealing step

25 is performed at a temperature that is about 475 degrees Fahrenheit (246° C).

5. A method according to claim 1, wherein the mold unit comprises
three parts, and wherein step (f) comprises moving at least two of the three parts towards
the third from a first position in which the parts are spaced from each other by gaps which
open into the mold cavity to a second position in which the gaps between the mold parts

30 are reduced in size whilst still opening into the mold cavity.

6. A method according to claim 5, wherein step (f) further comprises

positioning the gaps at the points of maximum expansion of the can body blank.
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PCTM’MWE”‘MJH done of the can body. The neck ring 82 provides sinple
sup L 1o m portion of t he can body.. These conponents

.toget her defifle fhe*chanber or nold cavity 42 to receive t he can body
and are machined to the desired final shape of the can body after bl ow
form ng. “Weawdwimbses 49 are provided (see Figures 4 and SPCYUS%IMY t r apped

air to escape 5 during form ng. A pair of seal and
support rings 92, 94 and a rubber sedl i'ng ring 96 are provi ded to seal

the top edge of the gontajner bhody., A space saving mapdrel 98 passes

through the center of th g’@&’f’ga‘f%“g%ﬁa‘ﬁd’fﬂ‘mrliﬁ °82},‘°fgﬁ’,ee§%"e§(§yg‘eposition
j ust  abovepiebsripeaifuid in stepx(epis bilknadd Wath%e axihhProdaA iippRd iﬁHﬁBktP.es air to
the cavity of a can pody wthin the _cavity 10 42 via a central bore 100

and radi al passages %02. Arfethad gecording torciaim ewhereiasten £B comprisspapplying
pi ston andafadifliice B the O4h bddd blakl hat 3 sEficleNAE b 2 AR BbnipRssi@38rck 8 POt h ends

of the can in
5 the sidewall of the can body blank during step (e).

9. A method according to claim 1, wherein said can body blank has a
sidewall that is of substantially constant diameter.

10. A method according to claim 1, wherein step (b) is performed in a
lacquer or decorator oven.

10 11. A method according to claim 1, wherein step (b) is performed
during drying of said can body blank.
12.  An apparatus of manufacturing a metallic can body that is shaped
distinctively in order to enhance its visual presentation to consumers, comprising:
means for making a can body blank;
15 means at least for partially annealing at least a portion of the can body
blank, thereby giving the annealed portion of the can body blank increased ductility;
mold means comprising a mold unit that has at least one mold wall that
defines a mold cavity conforming to a desired final shape of the can body, said mold unit
being constructed of more than one part, at least one of said parts being movable toward
20 another in a direction that is substantially paralle} to an axis of the can body blank during
operation;
positioning means for positioning said can body blank within said mold
cavity;
fluid supply means for supplying a pressurized fluid into said mold cavity
25 so that said can body blank is forced by pressure against said mold wall, causing said can
body blank to assume the desired final shape of the can body; and
axial reduction means for moving said at least one of said mold parts
toward another in the axial direction,
13.  An apparatus according to claim 12, wherein said partial annealing
30 step is performed by said drying means at a temperature that is within the range of about
375 degrees Fahrenheit (190.5° C) to about 550 degrees Fahrenheit (288° C).
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t he noul d caV|ty 42. Lower pi ston 106 is noveabl e upwards by structure of a

ges ﬁ llE ch is fed to-the—pisten—via—passage—108.
Sim | ullm ﬂ Mmpl ston is noveabl e downwards by structure of a
pressdri zed-ait Supply which is fed to the piston via 15 passages 110 and

112. In the preferred enbodi mrent shown, the passage 110 is connected
to the ceru,{,gl,/ Hpg e 100 of the nmandrel 98 so that the upmmmim and can

cavity share’a comon air supply. The conmon air supply is split for
the piston 104 and cavity at the - 17 jfunction of the air passage 112 and
the central mandrel bore 100, within the piston 104 so as to mnimze

| osses and to mai nt didn tW@mmtupmmgoshppllﬁmetmumdlmaaw pi st on.
20 Pref lied
Co each pi p PR vh'sid B s beh EBPHS Bte G Minillul Budee BEaltsf S00P L1 ©

can t her ef é50degeeec Faisaibyit 232f Cytd ahdut 500 degrees Fahrenheit (260° C). A schemati c

circuit diagram which shows how air sup | i to the, |st and
can cavity is shown ¥n f|WB”8“P?F°f Eﬂ?gg wheeein 3 ciWI“_‘LgM and

seal ang step 1sp§tf@tﬁfbﬂtby1§mﬂ§@n%3n%satrﬁeﬁ r&mthslaga& a single unit
114. Likew se the base 25 support 84,90and | owerpiston 1 are shown as a
single uni Fahrerbeit GA6F 114 and 116and neck ring 82 are novabl e,
whereas the side walig di efipphthrul BEobth éj( cﬁuﬁh?%@étﬁ(%uﬁd educnon
The circuit conprises two E)ressure supplies. Pressure supply 8 supplies
pressuri sephearsicomprisassaid mplding means having theepants deﬁnmgsaidenqlénawmn t he nol d
cavity 42. f e | owner
o ston 106PSHER for @gﬁﬁg%&&%@%&ﬂ&%ﬂ?kdﬁm%&ﬁﬁg grb@gac osthn ErP
pressuné rwguhahmammzzspa@dﬁommehmhcﬂwgapswhlchdpgﬁ;nmﬁxedncbldmmarltw&s 130, 132

d h . I
120 | nol udtseom Mept R bR S e maldipe ¥R AR S wtlel Suppl ) 1

18 may opening into the mold chamber.

17.  An apparatus according to claim 16, in which the gaps in the mould
are positioned at the points of maximum expansion of the container.

15 18.  An apparatus according to claim 12, wherein said axial reduction
means comprises applying an axial force to the can body blank that is sufficient to exert a
net compressive force on the sidewall of the can body blank during expansion.

19.  Anapparatus according to claim 12, wherein said axial reduction
means is constructed and arranged to balance a force exerted on the container body blank

20 by said fluid supply means.

20. An apparatus according to claim 12, further comprising a single
pressurized fluid line for supplying both said fluid supply means and said axial
compression means.

21.  Anapparatus according to claim 12, wherein said means for

25 partially annealing comprises a lacquer or decorator oven.

22.  Anapparatus according to claim 12, wherein said means for
partially annealing comprises a can body dryer.

23. A container made according to the method set forth in claim 1.

24. A method of manufacturing a metallic can body that is shaped

30 distinctively in order to enhance its visual presentation to consumers, comprising steps of:

(a) making a can body blank;
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:DSI{ :mmn m""!LM'Mt or, although it is not considered essern?i- al to be

| e t*o &d) bst» |l ow in both supplies. Reservoirs 126, 128 prevent

a hrgh drop I n supply pressure during t he process.

Typi cal | y wbgiziesr essure air of around 30 bar is introdREHUPHPRE can
cavity 5 and to drive the top of t he can.

al so

The air pressure to drive the

bottom piston 106 is typically 1%round 50 bar dependi ng on the piston

area. The air pressure wi thin the nold cavity

which is required t@exp%%&%‘%ﬁ@%ﬂ?gﬁllm@mmf apbody blank,
appl i es anpstouyaditing ie@hhdilddoititn ofeeicar BobytAER iftredsdifddedliyhi ch | eads to

| ongi t udi nal
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{c)  providing a mold unit that has at least one mold wall that defines a
mold cavity conforming 1o a desired final shape of the can body;

(d)  positioning said can body blank within said mold cavity; and

(¢}  supplying a pressurized fluid into said mold cavity so that said can
body blank is forced by pressure against said mold wall, causing said can body blank to
assume the desired final shape of the can body.

25. A method according to claim 24, wherein said partial annealing step
is performed at a temperature that is within the range of about 375 degrees Fahrenheit
(190.5° C) to about 550 degrees Fahrenheit (288° C).

26. A method according to claim 25, wherein said partial annealing step
is performed at a temperature that is within the range of about 450 degrees Fahrenheit
(232° C) to about 500 degrees Fahrenheit (260° C).

27. A method according to claim 26, wherein said partial annealing step
is performed at a temperature that is about 475 degrees Fahrenheit (246° C).

28. A method according to claim 24, wherein step (b) is performed ina
lacquer or decorator oven.

29. A method according to claim 24, wherein step (b) is performed
during drying of said can body blank.

30.  Anapparatus for manufacturing a metallic can body that is shaped
distinctively in order to enhance its visual presentation to consumers, comprising:

means for making a can body blank;

means at least for partially annealing at Ieast a portion of the can body
biank, thereby giving the annealed portion of the can body blank increased ductility;

mold means comprising a mold unit that has at least one moid wall that
defines a mold cavity conforming to a desired final shape of the can body;

positioning means for positioning said can body blank within said mold
cavity; and

fluid supply means for supplying a pressurized fluid into said mold cavity
so that said can body blank is forced by pressure against said mold wall, causing said can
body blank to assume the desired final shape of the can body.

rovides the force
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tension in the can side wall. The two pi stons are thus used to drive the
top anﬂmm ﬂ t of the can_ providing a force which—counteracts this
tensi o u Elﬂmm mm wal | . The pressure of the air
‘supplied t& the histonrs is critical in avoiding failure of t he can
during formng due to either splitting or winkling. Splitting will occur
if the wooh/&3sd On in the can side wall is not sufficieorigssaennt eract ed
by the piston pressure, . since the pressure in the pistons is too |ow.
Conversely, the pressure of the akrisupplied should 15 not be so high that
this will lead to the formation of ripples in the side wall.

For this reason, prefierahhrapmataémsmrgaomﬁmm edxeieﬁhéaimp&nﬂhﬁneahﬁgake of
t he sto?{? If t he roke were limted, the can m ght not be fully

expanded 15, periqrped Hﬁﬁﬂ‘%l ng meagygtia teppesgtwre that isyyithin the rangs 6h3OUE he st ops.

| f this ocpmsr@erebdFant@Rat @9050Ch REaboaI55BdeE eV ahrenheit (28408, d cease to be
bal anced by the pi st on prgssureswth a consequglume rells(k of splitting. In 20

effect, the contact 38&f tﬁé@mﬁmoﬁmmﬁbimﬁheﬂsmammmmmmmd
prevent f :%%@ It
shoul d %e # 1§]gérf%ere ore ?t‘“"ﬁ{‘ % et%\l/\arelesrwl 1%thg§]nggg€? o;/u

pressure M@meﬂmenhexpfﬁz%ﬁ}m abeutriﬂeﬂ@edslﬁlhxmmt(%mm at all tines

t hr oughout the for cle s at, th te, of ressure rise in the
cavity and behind t R pi glt“(?ﬁg“% 8‘%?EQ°°13}§“§751| {'E fhe cycl e,
particul arsitspM’@Q‘l’brhi&&b?@didﬁ@inhmﬂaﬁéaia-terﬂ'ﬁbeatﬁxéftlﬁtﬁfabom475 degrégsure rise can
be controu_,a;gl Hé Ilgcfhow regul ator 138 or by adjusting the supply

pressure {}r sSre regul ators 122, 124. By

adj ustipg the can C@KltYAWagﬁﬁ&thﬁadé&Hﬁig&oEﬁﬂnMQﬂﬁtéixﬁsaﬁcfﬁ&adsiforapm ied to

nove the nold el ements 82, 46, 84 towards one another, the apparatus may be
oper at ed i partially annealing comprises a lacquer or decorator oven.

35.  Anapparatus according to claim 30, wherein said means for
partially annealing comprises a can body dryer.
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30 one of three different ways. By mnim zing application of pressure to

AW aaa a Q.

nan a ala¥a a¥a tO

» waw oywawaw -a e i w.

sinply nove the nold parts toward anot her Wi t hout exerting any force
on the can body. This will reduce the gaps 86, 88 in the nold
WO 97112705

PCT/ US96/ 14%Q 87/12705 PCT/USI6H 4913

unit 40 as the can body shrinks longitudinally during the expansion
process, and w || reduce but n tlnecessarily neutralize axial tensile
stress created in the sidewal |l of thé cdn body during expansion.

Al ternatively, by providing increased pressure to drive the outer

nold parts toward one another, a slight |ongitudinal or axial force is
applied to the can 5 body which is substantially equal to the axial
tensile stress in the can body sidewall, thus bal anci ng such stress
and protecting the can body from consequential weakeni ng and

i 28
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possible splitting. Athird node of operation would be to provide an even
greater ‘pressure o drrve—tire—euter—rbld-parts t oward one_another in
order to apply an axially conpressive force to the can body that
woul d be greater than what woul d be necessary to cancel the 10 tensile
stress in thevﬁggﬁ&ﬁgl during operation. A net conpressive force is

believed to be preferable provided that such a force deafsgisl£ad to
the formation of winkles. In order to forn1t%e can,
the bl ow val ves 130, 132 are fist openeg. ,I4{ is possi ble to have a

short del ay between the opening tines of the blow valves if required to
obtain a better match between the piston and cavity pressures but there
will then need to 15 be a higher rate of pressure rise for one circuit in
order to maintain this balance. A del ay can al so be used to
conpensate for different pipe |lengths, maintaining a pressure bal ance

at the tinme of fquEEQESThe upper supply 118 is split for the piston 104

and-cavity as close as possible to the"Bi ston 104 as descri bed above
in reference to Figure 3. The geparatus is designed
so that, at the latest, when each piston/freachesAts 20 nmaxinmumtravel
the can is fully resha he 88 e not 0 @4hp 92 end.
Cl osi ng of the gaps can\] eal,_ t o} spld<t-&] o e Ssive
tension in the side walfl 4t hd S\do Iy A1 ng ment
of the pistons ore ful I\eX | Rr<INJS C re r, the
final gap shoul be\ex » D he si de
wal | becones too appar t ho 5 a ﬁg split
lines 25 alleviates is /;ﬁ%;fthe api ng
operation is conpleted ' e 4 d 136.
Cearly the exhauB® VeNz e al fornm ng
process.
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It is inportant that both supplies are vented sinultaneously since the
comnpresstve—forece app-ed—by—the pistons to bhal ance the cavity
pressure (longitudinal tension) may be greater 3 0 than the axial strength
of the can so that uneven exhausting |eads to coll apse of the can.

As may best be seen in Figure 4, the can body blank 10 is preferably
posi ti oned w2 ®ke nold cavity 42 and its interior spacedruss@abad i nto

conmuni cati on WD 97/ 12705

PCT/ US96/ 14913 3/ 7 - 11 - with
a source of pressurized fluid, as described above. As may be seen in Figure
4, the cavity 42 is designed so as to inpart a slight conpression to

t he can body bUnBS 104as it is inserted therein. This is preferably
acconplished b fm hg the nold assenbly el enents
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into hal ves 52, 54, shown in Figure 4 that are split so as to be cl oseable
about the can body 5 btanmk—prror—t+e—prevratic—expansion of the can body
bl ank 10. As the nold halves 52, 54 cl ose about the
cylindrical sidewall 12, the i nwar dly extending portions 48 of the
nol d wal | 4§";QM?wﬁonpress or preconpress the cylindrical sidewall 12
by distances up fo the amount R err] shown in Figure 7. AfRcivuseéresors mol d
has been cl osed and seal ed and pressurized fluid is supplied into the nold
cavity 46 10 so as to force the can fog@dy blank 10 against the nold wall

46, can body blank 10 wll be forced to assunme the desired final shape
of the shaped ﬁ? 20 The state of the shaped sidewal | 22 is shown
after the step Jﬁfiwe 5. In this step, the cylindrical sidewall 12 of

t he can body blank 10 is expanded up to an anmount R[err] again shown

di agrammatically in Figure 7. 15 Preferably, the
preconpressi on that%%s effected by the closing of the nold hal ves 52,
54 is perforned t flecto2 he sidewall 12 of the can body blank 10

radi al ly ; rdly a distance of Rerr] that is within %gs range of
about 0.1 to @ity 1.5 | 1 [S. More preferably, thi stance
Rlerr] is with e about- 0. 75 m,lld : e

di stance R err] jby why ' anded
outwardly to forjmthe rtigns| of ' Il 22 is
preferably w thifn the .1 tjo [ i meters. A
nost preferabl efrang a rr] pig ab b

mllimeters. Mst pr oy et 49

To understand the be ¢ co gAn of the
cylindrical sidewall t Si At under st ood
that a certain /4222

86
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25 amount of annealing or partial annealing may be useful, particularly in

fhe case of alumi num can bodies  to ohtain the necessary ductility
for the expansion step. However, the nore conplete the annealing, the
I ess strong and tough the shaped can 20 w || ultimately be. By using

the preconpression to get a significant portion of the differential

bet ween t hevo swmargspst and out er nbst portions of the patt enoraisheiaiss
superinposed onto the 30 final shaped can 20, the anpount of actual radial
expansi on necessary to achieve the % ?k{ pattern is reduced.
Accordingly, the amount of annealin at needs to be applied to the

can body blank 10 is al so reduced. The preconpression step, then, allows
t he desired WD 97/ 12705

PCT/ US96/ 14913 - 12 -
pattern to be superinposed on the shaped can 20 with a m ni nrum of anneal i ng

and
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resultant strength [oss, thus permtting the cylindrical sidewall 12 of the

. I ype of .
pr océess. As one enbodi ment of the invention, the nold
wal |l may be forned of a 5 porous material so as to allow air trapped
bet ween the sidewall of the can body bl ank and the nold wall to escape

during operwomwm?oml t hough vent holes will probably stillpdfusesiass equired.
One such nmaterial is porous steel, which is commercially available from AGA
in Leydi g, Sweden. For purposes of quality
nonitoring and control, fluid pressuq'e< fithin the 10 nold cavity 46 is
noni tored during and after the expansion process by structure of a

pressure nonitor 69, RYgown schematically in Figure 5. Pressure nonitor 69

is of conventiongl construction. If the can body devel ops g4 eak
during the expahsi on Zrocess, or if irr jtd in the dpper flange
or neck of l-he—$ eates a bad seal with t pressure
within the noldgdavity will drop nuch faster er 46 than 15
woul d ot her4® segle the case. Pressure nonitof his, and will
indicate to an & gerator that the can b d.62
In the case of <Y, ns, pressure withint | d be made
hi gh enough to foQR the can body into, for—F i pg-=fype pattern
wherein a jui SOt ' C Umrer-efi—-ad-k e el the contai ner.
20 | g7 second n@-h-od_a.nd_a,ﬁ}g rptus {pr jfanyfpcturing a
metal lic can body ¢ i s &haped distji ncti vel ¥y} rmior "0 tnhhance
its visual preseptgLi to consuners is d : i ures 7 and 9
of the draw ngs. i thlsad enbodi nent is deprct i ' nd 9 of

I :

66

72:& ” 70
=7 ( | 68
) i/
E l 12
)
FIG. 9




the draw ngs. According to both the second and third enbodi ments, a

CH-S H5 : . -6 > “ oy 2 H-ea—bBYy—Pp el Ng a
can body bl ank, such as the can body 25 blank 10 shown in Figure 1, that
has a sidewal|l 12 of substantially constant dianmeter, then radially
deform ng the can body blank 10 in selective areas by sel ected ambunts to
achi eve WO ¥2705t er nedi at e can body 74 that is radial | PCRAISPFI4BE3, but is
still symretrical about its access, and then superinposing a

presel ected pattern of mechanical defoymmtions onto the i nternedi ate
can body 74. Describing now the second enbodi nent of the invention, a 3 o
beadi ng apparatus 62 of the type that is well known in this area of

t echnol ogy i ncludes an anvil 66 and a beadi ng tool 64. A beading
apparatus 62 is used to radially deformthe can body bl ank 10 into
the radially nodified internedi ate can body 74 shown in Figure 9. The
WD 97/ 12705 PCT/ US96/ 14913




- di ate can body 74, as may [ re 9, has no
. deformlJ'I!;MH B B%E hat have an axi al . J‘ q&u %P
* subst awn cal about the access of the

knurling tool 76 is then used to superinpose the piéw@ﬁ@ﬁ@ @9’7

mechani cal deformations, in this case ribs and grooves, onto t

i nt er MACKET NOx: ©@O02231 making it 5 1lpossible to produce a shapedpcan 20 of
the type that is shown in Figure 2. In the third
enbodi ment, shown in Figures 8 and 9, a spinning unit 68 is used to
def or 'WEDET ¢S ICIAITME® IS3i dewal | 12 of the can body blank 10 radially into

t he I nternmedi ate can body 74. Spinning unit 68 includes, as is well
known in the technology, a mandrel 70 and a shaping roller 72 that is

i()ﬁplgfggrfao s preﬁerg'ha@faﬁéﬁlg r%%élﬁc@@ﬁﬁoe@ﬁh? QE%@#‘%‘}&?F St,gg, ShO\é\gn

body 4 ehlan@e if8R13R4! fristhtatibn teledtisiuteds, dinprivaig siqxscaﬂ bed above.
Alternatively to the knurllng step shown in Figure 9, the internediate can
body 74 prdé makinga can bpdy blepls met hod shown in Figure 7 or that shown in

Fi guje 8 c ansion die
or notd uni ﬁ%}-ns]rlyWeﬁ%ﬂ%%%%%ﬁog%?ﬂ%h%&ﬁgp%gmﬁggé ernedi at e
can bagiealdd portibodl of iRitad ®ody< PRAK ftrdaedrdudkilifigr t hat Is Identical to

t hat descri bed above in order to achieve the shaped can

In the secdpPmwyifdings mlmmatsh@@s leastnng mald wall tbatéeﬁm mqlﬁ agvHlvik 10 is
also p he dryi ng
e procesdé)ﬁ% m?x?é%aoﬁsﬁ%t?kg %td bg?ﬁsgi ﬁ#ﬁﬁ%n%%gnﬁs‘ﬂ{ucﬁﬁ ?he first
. descr ies thaboxt paet) bt lehdt eﬁe bﬁ&ﬂld/paﬁsf‘&mg movable toward another in a direction that
e — ™
is substantially parallel to an axis of the can body blank during operation;
(d) positioning said can body blank within said mold cavity;

{e) supplying a pressurized fluid into said mold cavity so that said can body blank is
forced by pressure against said mold wall, causing said can body blank to assume the desired
final shape of the can body; and

(f) substantially simultaneously with step (e), moving at least one of said mold parts

toward another in the axial direction.

O 2. A method according to claim 1, wherein said partial annealing is perfromed at a
temperature that is within the range of about 450 degrees Fahrenheit (232° C) to about 500 -
degrees Fahrenheit (260° C)

) 9 3. A method according to claim 2, wherein said partial annealing step is performed at /
'/ a temperature that is about 475 degrees Fahrenheit (246° C).

O 4. A method according to claim 1, wherein the mold unit comprises three parts, and
wherein step (f) comprises moving at least two of the three parts towards the third from a
first position in which the parts are spaced from each other by gaps which open into thé mold

This Sheet Has B
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20 anneal I n for second and third net hods d bed% e d
at allllmm ﬂlllﬂ[‘i that is within the range of PeT b@v?;eésgivg
Fahr degrees Cel sius) to abo EM EhC 1997
Fahrenhei’t (about 218 degrees Cel sius). The methods descri bed W t

reference to Figures 7 and 8 thus require | ess annealing than that

descri PECKETINOe €§22231 o t he pkéevi ous enbodi nent, neaning tper a
stronger shaped tan 20 is possible at a given 25 weight or wal |l thickness,
or that the weight of the shaped can 20 can be reduced with respect

to th atavptyo:d acecbndypositienfin whichcthe gapstbetvednithosold Py dredliaedsn Szet he second
and hird nmethods, however, include nore nmachinery and greater

nechanl‘”@élFt rﬂﬂeé%gt“}mt%%mm cavitye| | as more wear and tear on the cans,
spoi | age and possi bl e decoration damage as a result of the additional
mechanpi cal processing and handling. 30 It is to be understood,

however, thét Acmethotilocogting toretaind, ﬁh@éﬁ%(fﬁﬁ;ﬁ& comprisePpiditRtheges of
t he present |nvent|?n have been set forth in foreéglng description,

t oget h8PS 4t the Rpints o ?W%é@@\?@toiﬁﬂ@@n&odﬂh@kon of the invention, the
di sclosure is

'y '
6. A method according to claim 1, wherein the force exerted by the pressurized fluid

in step (¢) is balanced with an axial force that is applied in step (f).

'Y 7. A method according to claim 1, wherein step (f) comprises applying an axial force
to the can body blank that is sufficient to exert a net compressive force on the sidewall of the
can body blank during step (e).”

Lo 8. A method according to claim 1, wherein said can body blank has a sidewall that is
of substantially constant diameter.

7 ] 9. A method according to claim 1, wherein step (b) is performed in a lacquer or

.

decorator oven.
C

L 10. A method according to claim 1, wherein step (b) is performed during drying of
said can body blank. |

11. An apparatus of manufacturing a metallic can body that is shaped distinctively in
order to enhance its visual presentation to consumers, comprising:
means for making a can body blank;
32 means for partally annealing at least  portion of the can body blank thercby giving
the annealed portion of the can body blank increased ductility;
mold means comprising a mold unit that has at least one mold wall that defines a

mold cavity conforming to a desired final shape of the can body, said mold unit being (}.
s Sheet Has Been R - 16 - . s
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i'l | ust mmﬁmm}mn lm:hanges may be made in detail, espeC| a6II{ |n msl?t]ér:;3
of shapd, $izé ahd "arrangerment of parts within thHJE ggg

i nvention to the full extent indicated by the broad gene aI rreanl n f

t he ter MPQEKE NQ.:{GE23Pbended cl ai ms Bf e expressed. Al ternati vePgT for
exanpl e, can body Bl ank 10 could be fornmed by alternative processes, s such
as a drawredraw process, a drawtin-redraw process, or by a three-piece

wel ded orconstructedwfimede than ohe partrat kgstooneo said parts being movable toward another in

- 15 a direction that is substantially parallel to an axis of the can body blank during operation;

===+ positioning means for positioning said can body blank within said mold cavity;

3 ) fluid supply means for supplying a pressurized fluid into said mold cavity so that said
can body blank is forced by pressure against said mold wall, causing said can body blank to
assume the desired final shape of the can body; and

axial reduction means for moving said at least one of said mold parts toward another

in the axial direction.

. & 12. An apparatus according to claim 11, wherein said partial annealing is perfromed
at a temperature that is within the range of about 450 degrees Fahrenheit (232° C) to about
500 degrees Fahrenheit (260° C)

277 13. An apparatus according to claim 12, wherein said partial annealing step is
performed by said drying means at a temperature that is about 475 degrees Fahrenheit (246°
C).

3 14. An apparatus according to claim 11, wherein said axial reduction means

C;. comprises said molding means having three parts defining said mold cavity and means for
moving at least two of said three parts towards the third from a first position in which the
parts are spaced from each other by gaps which open into the mold cavity to a second position
in which the gaps between the mold parts are reduced in size whilst still opening into the
mold chamber.

%7 15. Anapparatus according to claim 14, in which the gaps in the mould are
positioned at the points of maximum expansion of the container.

e THIS SHEET HAS BEEN
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AI M5 1. A method of manuf acturing a netal g " b?ﬂQv’h h495]1.336d

distin ﬂ“m“mm“mﬂﬁnto ((an;]anci its vi sualb Sr EI atio CONsUMner s,
conprl a) making a can body bla g a
moul d urfit thht 'has at |east one mould wall that de’msr%g (g}g%ﬁg?
conformng to a desired final shape of_the can body; (d) positioning

t he canmgﬁ? : G 283h the nmould catfty; and (e) supplying BCT
pressurised fluid’into the nould cavity so that the can body blank is
forced by pressure agai nst the mould wall, causing the can body blank to
assune~{fie dd§i AacrrpRrsts aserdingde claim ldawhetrgm}smdaxmlrcdmnmmamsed by the

st ep: tiall eal | th t he.can body bl ank, thereby
gi vi ng fﬂxgpég%eaﬁﬁ Hl%%al)%%gn Slt%ﬁ% can %ocy\'h glar?k &at 1s sufiicient to exert a net

compressive force on the sidewall of the can body blank during expansion.
%’ 17. An apparatus according to claim 11, wherein said axial reduction means is

constructed and arranged to balance a force exerted on the container body blank by said fluid

supply means.

YO 18. Anapparatus according to claim 11, further comprising a single pressurized fluid

N line for supplying both said fluid supply means and said axial compression means.

41 19. Anapparatus according to claim 11, wherein said means for partially annealing

comprises a lacquer or decorator oven.

61 20. An apparatus according to claim 11, wherein said means for partially annealing

comprises a can body dryer.
4 % 21. A container made according to the method set forth in claim 1.

ved 22, A method of manufacturing a metallic-can body that is shaped distinctively in
| order to enhance its visual presentation to consumers, comprising steps of:
| + 2 (a) making a can body blank;
et *(b) partially annealing at least a portion of the can body blank at a temperature that is
within the range of about 450 degrees Fahrenheit (232° C) to about 500 degrees Fahrenheit
(260° C), thereby giving the annealed portion of the can body blank increased ductility;

{c) providing a mold unit that has at least one mold wall that defines a mold cavity
conforming to a desired final shape of the can body;

(d) positioning said can body blank within said mold cavity; and

THIG SHEET HAS BEEN
REPLACED
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LRSE e?ﬁﬁ!llﬂ?mllLIIIlleMUIﬁng Step i's porformed at aPGier x 0 %T%SQ’IB
WD the Yarlgefor ablut 7S, dearces Fanrenhe sccolRERUS i £ 1997°°°
characterised in that the partial annealing step is perforned at a

t enper atRPEREE ¥R-16CR2hi n the range &P about 450 degrees FahrenhePCT
(232[err]C) to abdut 500 degrees Fahrenheit (260[err]C).

(e) supplying a pressurized fluid into said mold cavity so that said can body blank is
forced by pressure against said mold wall, causing said can body blank to assume the desired
final shape of the can body.

7} 23. A method according to claim 22, wherein said partial annealing step is performed
at a temperature that is about 475 degrees Fahrenheit (246° C).
9 24. A method according to claim 22, wherein step (b} is performed in a lacquer or

decorator oven.

_f'
&

lo 25. A method according to claim 22, wherein step (b) is performed during drying of
said can body blank.

26. An apparatus for manufacturing a metallic can body that is shaped distinctively in
order to enhance its visual presentation to consumers, comprising:
means for making a can body blank;
-y “I\ means for partially annealing at least a portion of the can body blank at a temperature
that is within the range of about 450 degrees Fahrenheit (232° C) to about 500 degrees
' Fahrenheit (260° C), thereby giving the annealed portion of the can body blank increased
ductility;
mold means comprising a mold unit that has at least one mold wall that defines a
mold cavity conforming to a desired final s&w of the can body;
positioning means for positioning said can body blank within said mold cavity; and
fluid supply means for supplying a pressurized fluid into said mold cavity so that said
can body blank is forced by pressure against said mold wall, causing said can body blank to
assume the desired final shape of the can body.
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LAY ajgfasa“gs; Cemper ot ur o v dnOG -ancd B 103 5‘”'6"
i Fahre Hnm |lltmjlmrlﬂ“ . A nethod according t
4, charac er‘rsed i*n fhat step (b) is perfornmed in jm&& @Co

oven. A et hod according to any_ one of clains 1 to 4, characteri sed
in thaPQQléET(NQ CC-283% or ned during & yi ng of the can body bl ank.PCT7. A
met hod according“to any one of clains 1 to 6, characterised in that the
moul d unit is constructed of . L

3 27. An apparatus according to claim 26, wherein said partial annealing step is

performed by said drying means at a temperature that is about 475 degrees Fahrenheit (246°
O).

28. An apparatus according to claim 26, wherein said means for partially annealing

D

comprises a lacquer or decorator oven.

L0 29. An apparatus according to claim 26, wherein said means for partially annealing

comprises a can body dryer.
~
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.~anot her,

. (s coPy T2 LbLz-4
mor e th‘h‘ﬁﬁe—paLI at | east one of the parts being novable toward one
n a dlrecfrﬁﬁ‘mhlch is substantially parallel to an axis of the

can bo g’ ﬂmyn peration; the method further conprising the step of:
) su ﬂﬂMtaneously with step (e), noving at |east one of the
moul d parts t'ondir her in the axial direction. 8. A nethod according
to claim?7, characterised in that the moth® unit conprises three parts, and
characterised in that step (f) conprises noving at least two of the three
parts towards the third froma first position in which the parts are spaced
from each ot hgfabmggaps which open into the nmould cavity to a second
position in which the gaps between the nould parts are reduced in size

whilst still opening into the nmould cavity.
1. A method of manufacturing a metallic can body which

is shaped distinctively in order to enhance its visual
presentation to consumers, comprising steps of:

(a)} making a can body blank;

(c} providing a mould unit that has at least one
mould wall that defines a mould cavity conforming to a
desired final shape of the can body;

(d) positioning the can body blank within the mould
cavity; and

{e) supplying a pressurised fluid into the mould
cavity so that the can body blank is forced by pressure
against the mould wall, causing the can body blank to
assume the desired final shape of the can body:

characterised by the step:

(b} partially annealing the whole of the can body
blank, thereby giving the annealed can body blank

increased ductility.

2. A method according to claim 1, characterised in that
the partial annealing step is performed at a temperature
which is within the range of about 375 degrees Fahrenheit
{190.5°C) to about 550 degrees Fahrenheit (288°C).

3. A method according to claim 2, characterised in that
the partial annealing step is performed at a temperature
which is within the range of about 450 degrees Fahrenheit

(232°C) to about 500 degrees Fahrenheit (260°C).
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-17- . A nethod according to claim7 or claim8, characterised in

it hamﬂlrmllm" " conpri ses positioning the gaps at the points of
ls“‘ll t he can body bl ank. 10. A method according to any

one bf tlai m¥ 7sto*9, characterised in that the force exerted by the

pressurised fluid in step (e) is balanced f%th an axial force which is

applied in step (f).

4. A method according to claim 3, characterised in that
the partial annealing step is performed at a temperature
which is about 475 degrees. Fahrenheit (246°C).

5. A method according to any one of claims 1 to 4,
characterised in that step (b) is performed in a lacquer

or decorator oven.

6. A method according to any one of claims 1 to 4,
characterised in that step (b) is performed during drying

of the can body blank.

7. A method according to any one of claims 1 to 6,
characterised in that the mould unit is constructed of
more than one part, at least one of the parts being
movable toward one another in a direction which is
substantially parallel to an axis of the can body blank
during operation; the method further comprising the step
of:

{f) substantially simultaneously with step (e},
moving at least one of the mould parts toward another in

the axial direction.

8. A method according to claim 7, characterised in that
the mould unit comprises three parts, and characterised
in that step (f) comprises moving at least two of the
three parts towards the third from a first position in
which the parts are spaced from each other by gaps which
open into the mould cav1ty to a second position in which
the gaps between the mould parts are reduced in size

whilst still opening into the mould cavity.
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11 A met g to any one of clainms 7 to 9, characterised in that
ste mmm plying an axial force to the can body blank which is
suff ert~a net conpressive force on the side wall of the can
body blank during step (e). 12. A nethod according to any one of clains 1
to 11, characterised in that the can body.,blank has a side wall which is of
substantially constant dianeter.

9. A method according to claim 7 or claim 8,
characterised in that step. (f) further comprises
positioning the gaps at the points of maximum expansion

of the can body blank.

10. A method according to any one of claims 7 to 9,
characterised in that the force exerted by the
pressurised fluid in step (e) is balanced with an axial

force which is applied in step (f}.

11. A method according to any one of claims 7 to 9,
characterised in that step (f) comprises applying an
axial force to the can body blank which is sufficient to

exert a net compressive force on the side wall of the can

body blank during step (e).

12. A method according to-any one of claims 1 to 11,
characterised in that the can body blank has a side wall

which is of substantially constant diameter.
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(57) Abstract

A method of manufachuring a metallic can body (24) that is shaped
tation to consumers includes, in
one embodiment, steps of providing a can body blank (10) that has a sidewall
that is of a substantially constant diameter; providing a mold unit (38) that has
at least one mold wall (46) that defines a mold cavity conforming a desired
final shape of the can body (24); positioning the can body blank (10) within
the mold cavity (46); and supplying a pressurized fluid into the mold cavity so
that the can body blank (10} is forced by pressure against the mold wall (46), i
causing the can body blank (10) to assume the desired final shape of the can body
{24). Axial compression is preferably applied to the can body blank in order to
reduce intemal stresses during molding of the container. A second embodiment
includes steps of radially deforming the can body biank in selected areas by
selected amounts to achieve an intermediate can body that is radially modified,
but is still symmetrical about its axis; and superimposing a preselected pattern
of mechanical deformations that have an axial component onto the intermediate

distinctively in order to enhance its visual

can body. Related apparatus and processes are also disclosed.
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