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SYSTEMS AND METHODS FOR MAKING DECORATIVE
- SHAPED METAL CANS
BACKGRQUND OF THE INVENTION

1. | Fleld of the Invention

Thls invention relates generally to the field of consumer packaging, and '

' .._more specrﬁcally to metal cans, such as the steel and aluminum cans that are commonly

‘used for packagmg soft drinks, other beverages, food and aerosol products.

B 2. Description of the Prior Art and Recent Technologx _
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: Metal cans for soft drinks, other beverages and other materials are of course

-in wide use in North America and throughout the world. The assignee of thrs mventron,

. Crown Cork & Seal Company of Phlladelphxa, is the world's Iargest des1gner and

B . manufacturer of such cans.
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The art of makmg and packmg metal cans is constantly evolvmg in

B response to lmproved technology, new materials, and 1mproved manufactunng techmques

Other forces dnvmg the evolutron of technology in this area include raw material prices,

: the nature of new matenals to be packaged and the marketmg goals of the large compames
B that manufacture and distribute consumer products such as soft drinks..

Interest has existed for some time for a metal contamer that is shaped

'dlfferently than the standard cyhndncal can in such a distinctive way to become part of the
: 'product‘s trade dress, orto be otherwise indicative of the source or the nature of the

. product To the inventors best knowledge, however, no one has yet developed a practlcal

techmque for manufactunng such an irregularly shaped can at the volume and speed that

' _would be required to actually mtroduce sucha product into the marketplace.

U.S. Patent 3 224,239 to Hansson which dates from the mid 1960's,

dlscloses a system and process for using pneumatxc pressure to reshape cans. This process
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utilized a piston to force compressed air into a can thatis positioned within a mold. The

. 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 _

‘and wall ironed cans. One reason for this is that the stress that is developed in the wall of

~ thecanas it is being deformed can lead to defects that are potentially failurefiuducing,

e.g., localized thinning, splitting or cracking. The risk of thinning can be reduced by '
increasing the wall thxckness of the can, but this would make shaped cans SO produced
prohlbxtrvely expensive. The risk of splxttmg and cracking can be reduced by a process

such as annealing, but at the expense of reduced toughness and abuse res1stance ofthe

A need exists for an improved apparatus and process for manufactunng a

| . shaped metal can de51gn, that is effective, efficient and i mexpensxve, especrally when -

compared to technology that has been heretofore developed for such purposes and that
reduces the tendency of a shaped can to fail as a result of thmmng, sphttmg or crackmg
' 'SUMMARY QF THE INVENTION

- Accordingly, it is an obJect of the invention to provide ¢ an improved

" apparatus and process for manufacturing a shaped metal can that is effectwe efficient and
“inexpensive, especlally when compared to technology that has been heretofore developed a

~ for such purposes, and that provides insurance against internal stresses w1thm the can. that
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could cause thinning, splitting or cracking.

In order to achieve the above and other obJects of the invention, a method
of manufacturing a metalhc can body that is shaped distinctively in order to enhance its
visual presentation to consumers, includes, according to a first aspect of the mventlon, _
steps of: (a) providing a can body blank; (b) providing a mold unit that has at least one -_
mold wall that defines a mold cav1ty confonmng 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 parallel to an ax15 of the can |

body | blank dunng operation, the mold wall including inwardly extendmg portlons and

l outwardly extending portlons, (c) positioning the can body blank within the mold cavity so

as to precompress the can body blank with the inwardly extending portions of the mold
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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 precompressron that is performed in step (c) mlmmlztng

the amount of outwa.rd deformation that is requrred to achleve the final shape ofthecan = - .

body, and (e) substantrally smultaneously with step (d), moving at least one of the mold

parts toward another in the axial dlrectlon

- According to a second aspect of the invention, a method of manufacturmg a-

, metalllc can body that is shaped distinctively in order to enhance its visual presentation to

- consumers, mclud_e_s steps of: (a) making a can body blank; (b) at least partially annealing
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at least a portion of the can body blank, thereby giving the annealed portion of the can -
body blank 1ncreased ductility; (c) prov;dmg amold 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

'- _'umt bemg constructed of more than one part at least one of the parts belng movable
 toward another i in a direction that is substanttally parallel to an axis of the can body blank
_' durmg operatlon, (@ posmonmg the can body blank within the mold cav:ty, (e) supplying

X a pressunzed fluid into the mold cavrty so that the can body blank is forced by pressure o
o @amst the mold wall, causing the can body blank to assume the desired ﬁnal shape of the

can body, and (f) substantially s:multaneously with step (e), moving at least one of the

- mold parts toward another i in the axial dxrectlon

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

. ametallic can body that is shaped dlstmcttvely in order to enhance its v1sual presentation - '

o consumers includes structure for making a can body blank; moldmg structure
' compnsmg a mold unit that has at least one mold wall that defines a mold cavity

_ conformmg a desired final shape of the can body, said mold wall comprising mwardly
25

extendmg portlonsand outwardly extendlng portions, the mold unit being constructed of

- more than one part, at least one of the parts bemg movable toward another i ina direction

~ thatis substanually parallel to an axis of the can body blank during operatton, posmomng

structure for positioning the can body blank w1thm the mold cavity so as to precompress

the can body blank by the inwardly extending portions of the mold wall; ﬂmd supply
30 -

structure for supplymg 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 minimizing the amount of outward
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deformation that is required to achieve the final shape of the can body; and axial reduction

'structure for moving at least one of the mold parts toward another in the axial drrectlon

According to a fourth aspect of the invention, an apparatus for

| manufacturmg a metallic can body that is shaped distinctively in order to enhance 1ts R
visual presentation to consumers includes structure for making a can body blank, struc_ture o

forat least partially annealing at least a portion of the can body blank, thereby 'givi_ng the -

annealed portion of the can body blank increased ductility; mold structure cbmprisirié a .. |

' B mold unrt that has at least one mold wall that defines amold cavity conformmg toa"

des:red final shape of the can body, the mold unit being constructed of more than one part

at least one of the parts belng movable toward another in a direction that is substantrally o

' .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

. supplymg a pressurized fluid into the mold cavity so that the can body blank is forced by . -
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- pressure against the mold wall, causing the can body blank to assume the desn‘ed ﬁnal o
'shape of the can body; and axial reductlon structure for movmg at least one: of the mold o
_ parts toward another in the axial direction.. ' ' -

These and various other advantages and features of novelty whlch

_ eharactenze the invention are pointed out with particularity i in the claims annexed hereto S
" and forming a part hereof. However, for a better understanding of the invention, 1_ts o

- advantages, and the objects obtained by its use, reference should be made to the dravuings o "

which form a ﬁ_.lrther part lrereof, and to the'ac_companying descriptiye matter, in which B

' there is illustrated and described a preferred embodiment of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS o
. FIGURE lisa cross-sectronal view taken through a can body blank or pre-

fonn that is constructed accordmg to a preferred embodiment of the invention;

" FIGURE 2 is a side elevational view of a shaped can body accordlng to a _
preferred embodiment of the invention; -

FIGURE 3 is a diagrammatical view of An apparatus for malnng a shaped .

~ can body according toa preferred embodiment of the mventron, S -
FIGURE 4 is a fragmentary cross-sectronal view through a mold umt in the o
_ apparatus deprcted in FIG. 3, shown i ina ﬁrst condition;
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- FIGURE Sisa fragmenta.ry cross-sectlonal viéw through a mold umt in the

; fapparatus deplcted in FIG. 3, shown in a second condition;

FIGURE 6isa schematlc dlagram deplctmg a pressure supply apparatus. for
the mold unit deplcted in FIG. 3;-

FIGURE 7 is dlagrammatlcal deplctlon of a precompresswn step that is

L performed in the apparatus as deplcted inFIG. 3;
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_ FIGURE 8 is a diagrammatical deplctlon ofa beadmg step ina method that
is performed according to a second embodiment of the i mventlon, :

' FIGURE 9isa dragrammatrcal deplctlon of a spinning step m a method
that is perfonned accordmg to a second embodiment of the invention; and ' '

FIGURE 10isa dragrammatlcal deplctlon of a knurling step that can. be

perfonned as a second step in either the second or t}urd embodlments of the i 1nventron

- refen'ed to above..

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT{S!

Refernng now to the drawmgs, wherern hke reference numerals de51gnate

o '_correspondmg structure throughout the views, and referring in partrcular to Flgures land

20

:2,acan body blank or preform 10 according to a preferred embodiment of the i invention is -

'the body ofa two-plece can, which is preferably formed by the well-known drawing and

1romng process. Can body blank 10 includes a substantially cyhndncal s1dewall surface
12,a bottom 14, and necked upper portion 16. Altematlvely, the upper portion of

cyhndncal s1dewall 12 could be strarght

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 belng sentto
‘the decorator “The drying process typlcally is performed at a temperature of about 250
' degrees Fahrenheit (which is about 121 degrees Celsius). Accordmg to one aspect of this

invention, the drylng is performed ata hrgher temperature than is ordinary to partlally

" anneal at least selected portions of the can body blank 10. In Flgure 1, a heat source 18 i is

30

schematically deprcted which is preferably part of the dryer assembly, but could be at any

'pomt in the apparatus prior to the moldmg unit. As wrll be discussed in greater detail

below can body blank 10 is preferably fonned of aluminum and the partial annealing is .
preferably accomplished at a temperature that is substantially within the range of about
375 degrees Fahrenheit (about 190.5 degrees Celsius) to about 550 degrees Fahrenheit * -
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(about 288 degrees Celsius), with a more preferred range of about 450 degr-ees'Fahr'enheit: .
(about 232 degrees Celsius) to about 500 degrees Fahrenheit (about 260 degrees Celsrus) -

‘and a most preferred temperature of about 475 degrees Fahrenheit (about 246 degrees

Celsius). Thts is in contrast to true annealing, whlch would be at temperatures over 650 -
degrees Fahrenheit (about 353 degrees Celsrus) The purpose of the partral anneahng is to
give the can body blank 10 enough ductility to be fonned into a shaped can' 20, suchasis
shown in Figure 2 of the drawmgs but greater toughness than would be possrble 1f the can'. )

' 'body blank were fully annealed.

Altemauvely, the partial anneahng could be performed inan oven such as '

the lacquer or decorator oven, rather than in the dryer

Altematrvely, can body blank 10 could be fabricated from steel mstead of - |

alummum In thls case, the preferred temperature range for partial annealmg would be o
substantrally within the range of 1112 degrees Fahrenhert (600 degrees Celsrus) to about S
" 1472 degrees Fahrenheit (800 degrees Celsius). More preferably, the partral annealmg

would be performed at approximately 1382 degrees Fahrenheit (750 degrees Celsrus)
Refernng now to Figure 2, shaped can 20 is decorated and shaped

dlstmctlvely in order to enhance its visual presentatlon to consumers. As may be seen m :

Figure 2, can body 20 mcludes a bottom 26,a shaped sidewall 22 that i is shaped to o
' substantrally 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
~ where accentuation of such deviations from the cylindrical shape mlght be desired.
' A_ccordmg to one important aspect of the invention, decoration is provided on the exte.rnal

surface of the shaped sidewall 22 in 2 manner that will accentuate those areas of t_he'- _
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
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 det:ora_tion;
and by properly registering the decoration to the deviations in the shaped sidewall 22.a
synerglstrc visual effect can be obtained that would be impossible to obtaln alone by
shaping the can or by decorating the can. '
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- Referring again to Figure 2, shaped sidewall 22 also has a flat area 28,

~where writing or a label mlght be applied, and is closed by a can end 24 which is applled

in the tradlttonal double seammg process. _ ,
| Accordmg to the preferred method after the partlal annealing by the heat Co
source 18 at the drying station, can body blank 10 will be transported toa decorator where

' "the distinctive decoratlon will be applied while the can body blank 10 is still in its
' cyhndncal conﬁguratlon Markers might also be applied during the decoratmg process

that can be used for registration of the decoratlon to the mold contours during subsequent

formmg steps, Whlch will be described i in greater detail below.

Refemng now to Flgure 3, An apparatus 38 is depicted which, according to

.the preferred embodlment of the invention, is prov1ded to manufacture a shaped can 20 of _

the type that is deplcted in Figure 2. As may be seen in- Flgures 3,4 and 5, apparatus 38 -

.. '1ncludes amold 40 having a mold wall 46 that defines a mold cavity 42 confonmng to the
~ desired final shape of the shaped can body 20 As is shown dxagrammatlcally in Flgure 7 _'
the mold 40 is of the split wall type and the mold wall 46 will include lnwardly extendmg ,

' ‘the can body blank 10 deplcted by the dotted lines in Figure 7b. The mold wall 46 wrll
also mclude a number of outwardly extending portions that are greater in dlameter than the

diameter D, of the sidewall 12 of the can body blank 10. In other words, the mwardly _
extendmg portions 48 tend to compress the cylindrical sidewall 12 of the can body | blank

the mold wall 46 Preferably, the perimeter of the cyhndncal sidewall remains a constant

length when compressed in this manner so the perimeter of the cyhndncal compressed

. s1dewall 12' is the same length as the clrcumference of the sidewall 12 of the can body

blank 10.

As is best shown in Flgure 3, the mold umt 40 has three die parts 82, 46 and
84 whrch compnse neck ring, mold side wall and base support, respecttvely 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

dome of the can body The neck ring 82 provrdes simple support to the necked portion of |
the can body 'I‘hese components together deﬁne the chamber or mold cavity 42 to receive
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the can body and are machmed to the desired final shape of the can body aﬁer blow

' formmg Vent holes 49 are provrded (see Figures 4 and 5)to allow trapped air to escape o -

_ dunng forming.

A pair of seal and support rings 92, 94 and a rubber sealing ring 96 are '

provrded to seal the top edge of the container body. A space saving mandrel 98 passes

through the center of the seal and support rings 92, 94, 96 to a position just above the _ba_s_e'_
support dome 84. The mandrel 98 supplies air to the cavity of a can body wrthrn the cavlty .
42 via a central bore 100 and radial passages 102. The apparatus further mcludes an upper |
prston and a lower piston 104 106 whrch together apply a load to both ends of the can in

the mould cavity 42. Lower plston 106 is moveable upwards by structure of a pressunzed |

air supply which is fed to the prston vra passage 108. Srmllarly, the upper pxston is

. moveable downwards by structure of a pressunzed air supply which is fed to the pxston via

_--'_passages 110 and 112. In the preferred embodiment shown, the passage 1 10 is connected ' -

~ tothe central bore 100 of the mandrel 98 so that the upper prston and can cavrty share a
15

common air supply. The common air supply is split for the prston 104 and cavrty at the

: Junctlon of the air passage 112 and the central mandrel bore 100, wrthrn the prston 104 so |
as to minimize losses and to maintain the same pressure supplred to the cavrty and prston . e

. Preferably, means are provided to control the flow rate of air supplred to each plston and

the cavrty Cavity pressure and pxston pressure can therefore be closely controlled

A schematic circuit diagram whrch shows how air is supphed to the plstons

- and can cavrty is shown in ﬁgure 6. In the figure, the upper prston 104 and seal and

30

support rings 92,94 are shown schematically as a smgle unit 114, Likewise, the. base '
support 84,90 and lower piston 106 are shown as a single unit 116. Unrts 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 supplres

pressunsed air to the top piston 104 and cavrty of the can within the mold cavrty 42
" Pressure supply 120 supplies pressurised a1r to the lower piston 106 only.

, The two supplres each comprise pressure regulators 122, 124 TeServoirs .
126 128, blow valves 130,132 and exhaust valves 134,136. In addltron the lower pressure
supply 120 includes a flow regulator 138. Optionally, the upper pressure supply 118 may '

also inchide a flow regulator, although it is not considered essential to be able to adjus.t the
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| _ ﬂow in both supphes Reservorrs 126, 128 prevent a hlgh drop in supply pressure dunng

the process .
Typlcally, high pressure air of around 30 bar is introduced to the can cavrty_
and to dnve the top of the can. The air pressure to dnve thie bottom piston 106 is typrcally- _

around 50 bar, dependmg on the plSton area. The air pressure within the mold cavity 42

o provides the force which is required to expand the can body blank outwards butalso

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

~ tension in the can side wall. The two prstons are thus used to drive the top and the bottom_

of the 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 fallure :

| '. of the can durmg forming due to either splrttrng or wrmkhng Splitting w111 occur 1f the

tension in the can side wall is not sufﬁcrently counteracted by the piston pressure, smce

- the pressure in the pistons is too low. Conversely, the pressure of the air supplled should -

not be so hrgh that this w111 lead to the formatlon of npples in the srde wall.

For this reason, preferably no stops are requrred to limit the stroke of the

» pistons. If the stroke were lumted the can might not be fully expanded agamst the mould

wall before the plstons reached the stops. If thrs occurs, the tension in the can 51de wall

L would cease to be balanced by the plston pressure witha consequent risk of sphttlng In

20

effect, the contact of the expanded can. wrth the side wall of the mould prevents further

‘movement of the pistons.

Tt should be noted therefore that the balance between the can cav1ty

. -pressure and the piston pressure is preferably maintained at all times throughout the

.25

30

formmg cycle so that the rate of pressure rise in the cavity and behind the pistons should
be balanced throughout the cycle, partlcularly 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 applred to

move the mold elements 82, 46, 84 towards one another, the apparatus may be operated in

" one of three different ways. By minimizing apphcatlon 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 exertmg any force on the can body. This will reduce the gaps 86, 88 in the mold

) _. unit 40 as the can body shrinks longrtudmally during the expansion process, and will



10

15

20

25 -

30

wosnzrd : | | | Pcrms96/i49_12 -
- 10 -
reduce but not necessarily neutralize ax1a1 tensile stress created in the srdewall of the can
body du_nng expansion. Alternatively, by providing increased pressure to drive the outer
mold parts toward one another, a slight longitudinal or axial force is applied to the can _
body which is substantially equal to the axial tensile stress in the can body sidewall, thus
balancing such stress and protecting the can body from consequential Weakening and

possible splitting. A third mode of operation would be to provide an even gr'e_at_er_pressure. _. _

to drive the outer mold parts toward one another in order to apply an axially com'p'__res'slve. e

force to the can body that would be greater than'what would be ne‘cessary to 'cancel the

tensﬂe stress in the sidewall during operation. A net compressive force is beheved to be .

preferable provided that such a force does not lead to the formation of wnnkles

In order to form the can, the blow valves 130,132 are first opened It is

_possible to have a short delay between the opening tlmes of the blow valves if requlred to-
, obtam a better match between the plston and cav1ty pressures but there will then need to:

: be a higher rate of pressure nse for one circuit in order to maintain this balance A delay -

can also be used to compensate for different pipe lengths, mamtalmng a pressure balance |
at the time of forming. The upper supply 118 is split for the piston 104 and cavxty as close
as possxble to the piston 104 as described above in reference to Flgure 3. |

. The apparatus is designed so that at the latest when each piston reaches 1ts' B

‘maximum travel the can is fully reshaped and the gaps 86, 88 are not closed up at the end.
Closmg of the gaps can lead to sphttmg of the can due to excessrve tens1on in the srde wall - |

in the same way as does hmxtmg movement of the pistons before full expansron has

. occurred. However, the final gap should not be excessive since any w1tness mark on the

side wall becomes too apparent, although removal of sharp edges at the split hnes .

alleviates this problem o |
Once the shaping operation is completed, the air is exhatls_ted_ via valves-

134 and 136. Clearly the exhaust valves are closed throughout the actual forming processL

It is important that both supplies are vented simultaneously since the compressive force

applied by the pistons to balance the cavity pressnre (longitudinal tensi_on)'may be greater

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 corm_nunication' :

with a source of pressurized fluid, as described above. As may be seen in Figure 4, the
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| _ cavxty 42 is desrgned 50 as to 1mpart a slight compression to the can body blank 10 asitis -
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. mserted thereln This is preferably accomplished by formmg the mold assembly elements )

into halves 52, 54, shown in Figure 4 that are split so as to be closeable about the can body

blank pnor to pneumattc expansion of the can body blank 10.

As the mold halves 52, 54 close about the cylindrical sidewall 12, the

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

cyhndncal sidewall 12 by distances up to the amount R;., shown in Figure 7. After the o )

_ mold has been closed and sealed and pressunzed fluid is supphed into the mold cavity 46

so as to force the can body blank 10-against the mold wall 46, can body blank 10 will be-
forced to assume the desued final shape of the shaped can 20. The state of the shaped -
sxdewall 22 is shown after the step in Flgure 5. In this step, the cylmdncal sidewall 12 of

_ the can body blank 10is expanded | up fo an amount Rm, again shown dxagrammatlcally in’ '_ -
3 Flgure 7. '

Preferably, the precompressron that is effected by the closmg of the mold

' halves 52, 54 is performed to deflect the sidewall 12 of the can body blank 10 rad:ally o
' mwardly by a distance of R, that i is wrthm the range of about 0.1 to about 1.5 mlll1meters
| More preferably, this distance R, is thlun the range of 0.5 to about 0.75 millimeters. The
_ dtstance Rmlt by which cyhndncal sidewall 12 is radially expanded outwardly to form the

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

mrlhmeters Most preferably, Ry is about 2 mrlhmeters .
- To understand the beneﬁt that is obtained by the 1 precompressron of the

. cylmdncal sidewall 12 pnor to the expansron step it must be understood that a certain

amount of anneahng or partial anneallng may be useful, particularly in the case of
aluminum can bodies, to obtain the necessary ductlhty for the expansion step. However
the r more complete the annealing, the less strong and tough the shaped can 20 will _
ultlmately be. By using the precompression to get a significant portion of the dlfferentlal
between the innermost and outermost portions of the pattern that is supenmposed onto the

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 precompressron step, then, allows the desired

pattem to be supenmposed on the shaped can 20 with a minimum of annealmg and
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resultant strength loss, thus permitting the cylmdncal sidewall 12 of the can body blank 10

 to be formed as thinly as possible for this type of process.

- As one embodlment of the invention, the mold wall may be formed of a
porous material so as to allow air trapped between the sidewall of the can body blank and
the mold wall to escape during operation, although vent holes will probably still be

required. One such material is porous steel, which is commercxally avallable ﬁ'om AGA in

Leydlg, Sweden.

For purposes of quahty monitoring and eontrol fluid pressure w1thm the

~ mold cavity 46 is momtored during and after the expansron process by structure of a

pressure monitor 69, shown schematlcal_ly in Figure 5. Pressure monitor 69 i is _o_f

conventional construction. If the can body develops a leak during the expansion fprOcess;_ -

~orif irregularities in the upper ﬂange or neck of the can creates a bad seal 'with the gés

' probe, pressure within the mold cavity will drop. much faster in the mold chamber 46 than

would otherwise be the case. Pressure monitor 69 will sense this, and wrll mdlcate to’ an

_operator that the can body mrght be flawed.

- In'the case of steel cans, pressure wrthm the mold chamber could be made _' .

R hlgh enough to form the can body into, for example, a beadmg-type pattern wherern a
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number of cn'cumferentxal ribs are formed on the container. _ _ _
A second method and apparatus for manufacturing a metalhc can body that -

is shaped distinctively in order to enhance its visual presentation to consumers _1s__dlscl__osed_ N

" in Figures 7 and 9 of the drawings. A third embodiment is depicted in Figures 8 and 9 of_ : g

the drawings. According to both the second and third embodiments, a distinctive’ly shaped; -
metallic can body is manufactured by providing a can body blank, such as the can body
blank 10 shown in Figure 1, that has a sidewall 12.of substantlally constant dlameter then '
radially deforming the can body blank 10 in selective areas by selected amounts to achieve
an intermediate can body 74 that isradially modified, but is still symmetrical about its
access, and then superimposing a preselected pattern of mechanical deformations ou'to the
mtennedlate can body 74. Describing now the second embodiment of the invention, a _
beading apparatus 62 of the type that is well known in this area of technology 1ncludes an
anvil 66 and a beading tool 64. A beading apparatus 62 isused to radlally deform the can
body blank 10 into the radially modified intermediate can body 74 shown in Figure 9, The

‘intermediate can body 7_4, as may be seen in Figure 9, has no deformations thereon._that;
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have an axial component, and is substannally cylmdncal about the access s of the can body
74. A knurhng tool 76 is then used to superimpose the preselected pattern of mechamcal :
deformations, in this case ribs and grooves, onto the intermediate can body, makmg it o
possible to produce a shaped can 20 of the type that is sh'o'wn in Figure 2.

In the third embodiment, shown in Figures 8 and 9, a spinning unit 68 is

: used to defonn the cylindrical sidewall 12 of the can body blank 10 radially into the

intermediate can body 74. Spmmng unit 68 mcludes, as is well known in the technology, -

a mandre] 70 and a shaping roller 72 that is opposed to the mandrel 70. After this process,
 the knurhng step shown in Figure 9 is preferably performed on the so formed mtexmedrate |

| .10 _can body 74 i ina manner that is identical to that descnbed above.

Alternatrvely to the knurling step shown in Figure 9, the intermediate cari

'body 74 produced by either the method shown in Fi 1gure 7 or that shown in Figure 8 could,'
N altematlvely, be placed in a pneumatic expansion d1e or mold unit 40 of the type that is - |

shown in Frgures 3-5 Intermedlate can body 74 would then be expanded in a manner that
_ 1s 1dentlcal to that descnbed above in order to achieve the shaped can 20 |

I the second and third methods descnbed above, the can body blank lO is -

o -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

B ~annealing. for the second and third methods described above is performed ata temperature: |

25

- 30"

that is within the range of about 375 degrees Fahrenhelt (about 190 degrees Celsms) to
about 425 degrees F ahrenhelt (about 218 degrees Celstus) The methods described with

 reference to Flg_ures 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 -
werght or wall thickness, or that the werght of the shaped can 20 can be reduced with
respect to that produced by the first descnbed method Disadvantages of the second and

third methods, however, include more machmery and greater mechanical complex1ty,

. well as more wear and tear on the cans, spoilage and possible decoration damage asa

result of the addmonal mechanical processing and handling.

It is to be understood, however that even though numerous charactenstlcs
and advantages of the present invention have been set forth in the foregoing descnptron, |
together with details of the structure and functron of the i mventlon, the disclosure i is
illustrative only, and changes may be made in detarl especially in matters of shape, srze :
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and arrangement of parts within the principles of the invention to the full ektent ihdicated
by the broad ge,néral.meaning of the terms in which the appended claims are expressed.
- Alternatively, for example, can body blank 10 could be formed by alternative proéesses,
| suchasa dféw-redraw process, a draw-thin-redraw process, or by a three-piece weldéd or |

cemented manufacturing process.
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- WHAT IS CLAIMED IS _
1. A method of manufacturing a metallic can body that is shaped dlstmctlvely

in order to enhance its visual presentatlon to consumers, compnsmg steps of: -

(2)  providing a can body blank;.

. (b) prov1d1ng a mold unit that has at least one mold wall that deﬁnes a . .

) mold cav1ty 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 another )
m a dlrectlon that is substantially parallel to an axis of the can body blank dunng

.extendmg pomons

| operatlon, sald mold wall compnsmg mwardly extendmg portlons and outwardly

.(_c) posmomng said can body blank within said mold cav1ty soasto |

' precompress the can body blank with the 1nwardly extendmg portions of said mold wall

15
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(d) ' supplymg a pressunzed ﬂllld into said mold cavity so that saxd can’

. body blank is forced by pressure agamst sald mold wall, causing said can body blank to

~assume the de51red final shape of the can body, said precompression that is perfonned in

step (c) mmmnzmg the amount of outward deformation that is requlred to achteve the ﬁnal

shape of the can body; and

' (e) : substantlally s1multaneously with step (d), moving at least one of

said mold parts toward another in the axial direction.

2. " Amethod accordmg to claim 1, whereln said can body blank

compnses alummum and further comprising the step of:

at least partially annealing said can body blank prior to step (c) to glve the

can body blank enough ductility to be worked i mto the desired shape, and whereby the =

'precompressmn in step (c) that reduces that amount of outward expansion necessary to

achieve the desired position also reduces the degree of annealing that is necessary to

- permit such expansion, thereby preserving as much strength and tonghness as possible.

: 3. ~ Amethod according to. clalm 2, wherein said partial annealing step

is performed ata temperature that is within the range of about 375 degrees Fahrenhelt
(190.5° O) to about 550 degrees Fahrenheit (288°C)

4. A method according to claim 1, wherein said precompressmn n _
step (c) is performed to deflect said sidewall of said can body blank radially inwardly by a

dlstance that is within the range of about 0.1 to about 1.5 rmlllmeters

This Sheet Has Been R
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5. A method according to claim 1, wherem said introduction of fluid in

step (d)_ is performed to deflect said sidewall of said can body blank radlally outwar,dly by i -. : _

adistance that is within the range of about 0.1 to about 5.0 millimeters.

6. A method accordmg to claim 1, where the inward deﬂectton of sa1d

. s1dewall in step (c) is approximately one third the outward deﬂecnon that takes place in

step (d). o
7. . Amethod according to claim 1, wherein the miold unit cotrtpﬁs'és-

three parts, and wherein step'(e) comprises moving'at least'two of the th'ree parts.towards

the thlrd from a first position in whrch the parts are spaced from each other by gaps whlch

open into the mold cavityto a second posmon in which the gaps between the mold parts

are reduced in size whrlst stlll opemng into the mold cavity.”

8.  Amethod accordmg to clalm 7, wherein step (e) further compnses ,

: _'-posmomng the gaps at the points of maximum expansion of the' can ‘body blank

9. © A method according to claim 1, wherein step (e) compnses applymg

an axial force to the can body blank that is sufﬁcrent to exert anet compresswe force on.

-the s1dewall of the can body blank during step (d)

10._. A method according to clalm 1, further compnsmg balancmg the |

force exerted by the pressunzed ﬂuld in step (d) with an axial force that is apphed in step o
@©.
20

11. A method accordmg to cla1m 1, wherem sard can body blank has a

' sxdewall that is of substantially constant dlameter

12. - An apparatus for manufacturing a metallic can body that is shaped |
distinctively in order to enhance its visual presentation to consumers, comprising: -
means for makxng a can body blank; :
~ molding 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 wall N

- comprising inwardly extendmg portions arid outwardly extending portlons, said mold unit

_' being constructed of more than one part, at least one of sa1d parts- bemg movable toward =

another i in a direction that is substanttally parallel to an axis of the can body blank dunng

operatlon, _

This Sheet Has Been Replaced .
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posmomng means for posmonmg said can body blank within said mold

WO 97/12704

- cavxty so as to preeompress said can body blank with saxd inwardly extendmg poruons of .

sa1d mold wall

fluid supply means for supplylng a pressunzed fluid 1nto said. mold cavity - |

‘so that said can body blank is forced by pressure against said mold wall, causing saxd can

body blank to assume the desired final shape of the can body, said precompression

minimizing the amount of outward deformauon that is required to achieve the final shape

of the can body, and

axial reduction means for movmg at least one of said mold parts toward '

_ another in the axial dxrectlon

y 13.  An apparatus accordmg to clalm 12, wherein said moldmg means is

' constructed to deﬂect said sidewall of sa1d can body blank radially mwardly bya dlstance
g -that is w1th1n the range of about 0.1 to about 1.5 Imlhmeters

_ 14. An apparatus according to claim 12, wherein said moldtng means is

..constructed 10 deﬂect sa1d s1dewall of said can body blank radially outwardly bya

distance that is within the range of about 0.1 to about 5.0 millimeters.

15. Anapparatus accordmg to claim 12, where said moldmg means 1s

| constructed to deﬂect sald sidewall approxlmately one third the outward deﬂectlon that
 takes place dunng pressunzatlon '
20

'16. An apparatus accordlng to claim 12, wherem sald axxal reductlon '

means comprises said moldmg 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 posmon in

~ which the parts are spaced from each other by gaps which open into the mold cavitytoa

- second position in which the gaps between the mold parts are reduced in size whilst still -

opening into the mold chamber.
17.-  An apparatus accordmg to claun 16, in wh1ch the gaps in the mould .
are posmoned at the points of 1 max1mum expansion of the container.

18. An apparatus accordmg to claim 12, wherein said axial reductlon

. means _compﬁses _applymg an axial force to the can body blank that is sufficient to exert_ a:
.30

net compressive force on the sidewall of the can body blank during expansion. .

This Sheet Has Been Replaced
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19. An apparatus accordmg to claim 12, wherein said axial reduction

" means is constructed and arranged to balance a force exerted on the contamer body blank

'by sald ﬂuld supply means.

20. An apparatus accordmg to claim 12 further compnsmg a smgle .

_ pressunzed fluid line for supplylng both said fluid supply means and said axial

' compression means.

21.  Anapparatus accord_ing to claim 12, further-comprising_: S _

~ means for at least partially annealing said can body blank to .gi_ve the can -
body blank enough ductility to be worked into the desn'ed shape. o

22.  Anapparatus accordlng to claim 21 wherein sald part1a1 annealmg

means is constructed and arranged to perform annealing at a temperature that is thhm the
range of about 375 degrees Fahrenhelt (190.5 degrees C) to about 550 degrees Fahrenhelt
(288 degrees C). _ ) SR
. 23. - A method of manufacturing a metallic can "body that rs 'shaped 3

dlstmctlvely in order to enhance its visual presentatlon to consumers, compnsmg steps of L

. (@ prowdmg a can body blank; ., . |
()  providing a mold unit that has at least one mold wall that deﬁnes a _' -
mold cavity confonmng toa desrred final shape of the can body, said mold wall |
compnsmg inwardly extending portions and outwardly extending portions; =

()  positioning said can body blank within said mold cavity soasto -

: precompress the can body blank w1th the mwardly extending portlons of sard mold wall

| (d) - supplying a pressurized fluid into saxd mold cav1ty SO that sald can
body blank is forced by pressure against said mold wall, causing said can body blank to _ o
assume the desn'ed final shape of the can body, said precompressmn that is performed in
step (c) mmmuzmg the amount of outward deformation that is requlred to ach1eve the final
shape of the can body. ' ' . |
24, Anmnethod accordmg to claim 23, wherem sald can body blank

compnses alummum, and further compnsmg the step of: . .

'_ at least partlally annealing said can body blank prior to step (c)to glve the
can body'blank_ enough ductility to be worked into the desired shape, and whereby the

precompression in step (c) that reduces that amount of outward expansion nece,sSary to
eet Has Been Replaced :
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.~ achieve the desired position also reduces the degree of annealing that is necessary to

' -'penmt such expansron, thereby preservmg as much strength and toughness as possnble

10

25. A method according to claim 24, wherem said partial annealmg step

is performed ata temperature that is within the range of about 375 degrees Fahrenheit

(190 5° C) to about 550 degrees Fahrenhert (288°C).

' 26. A method accordrng to claim 23, wherem said precompressron in

step (c) is performed to deflect said sidewall of sa1d can body blank radrally mwardly bya -

B dtstance that is within the range of about 0.1 to about 1.5 millimeters.

27. A method according to claim 23, wherein said introduction of fluid

_instep (d) is performed to deﬂect said srdewall of said can body blank radially outwardly

by a drstance that is within the range of about 0.1 to about 5.0 millimeters. _
: 28.' A method aecordrng to claim 23 where the inward deflection of

g sard srdewall in step (c)is approxrmately one tlnrd the outward deflection that takes place :

| '1nstep(d)
15

- 29 - An apparatus for manufactunng a metallic can body that i is shaped o

o drstrnctlvely in order to enhance its visual presentation to consumers, comprising:

25

" means for making a can body blank;
moldmg means comprising a mold umt that has at least one mold wall that -

- definesa mold cavity conformmg to a desired final shape of the can body, said mold wall - |
20 '

compnsmg mwardly extendmg portrons and outwardly extendmg portions;

~ positioning means for posrtromng said can body blank within said mold

_ cavrty S0 as to precompress said can body blank with sard mwardly extendmg portlons of

said mold wall; and _ _ .
 fluid supply means for supplymg a pressunzed fluid into said mold cavity |

SO that said can body blank is forced by pressure against said mold wall, causing said can

o body blank to assume the desired final shape of the can body, said precompressron

30

. " mmumzmg the amount of outward deformation that is required to achieve the ﬁnal shape
-ofthecanbody '

30. * An apparatus according to clalm 29, wherem said moldmg means is
constructed to deﬂect said sidewall of said can body blank radially 1nwardly bya dlstance

- that is within the range of about 0.1to about 1.5 nullnneters
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31.  An apparatus according to claim 29, wherein said moldmg means is

_ constructed to defléct said sidewall of said can body blank radially outwardly by a
'dlstance that is within the range of about 0.1 to about 5.0 millimeters. | _

32, An apparatus according to claim 29, where said moldlng means is R

_ constructed to deflect said s1dewall approxrmately one third the outward deﬂectlon that |

' takes place dunng pressunzatlon

33.. An apparatus accordmg to claim 32 wherein sa1d can body blank o

compnses alummum and further comprising means for

at least partially anneahng said can body blank pnor to placmg the can
body blank in said moldtng means. R

34. An apparatus accordmg to claim 32, wherein sald partlal anneahng
means is for partially anneahng ata temperature that is within the range of about 375 |

| degrees Fahrenheit (190.5° C) to about 550 degrees Fahrenheit (288° C). _ o
35. Anapparatus according to claim 34, wherem said partxal annealmg B

means is for partially annealing at a temperature that is within the range of about 45 0

- degrees Fahrenhelt (232° C) to about 500 degrees Fahrenhelt (260° C)



