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METHOD OF FORMING A METAL CONTAINER BODY

This invention relates to a methcd of

forming a container body such as a drawn

container body formed from a metal blank, and to

5 a container body formed by such method.

More

particularly, it relates to a method which

minimizes or avoids wrinkling of metal during

forming of the bottom profile in a container

body.
10

It is well known to draw and iron a

15

20

25

sheet metal blank to make a thin-walled can body
for packaging carbonated beverages. It is also
well known that metal manufacturers, can makers
and carbonated beverage packagers have had, and
continue to have, a goal to reduce the weight of
containers and thereby reduce the cost of
packaging. One way to reduce weight of can
bodies and cans is to form a bottom profile
which is capable of strengfhening the base
wall’s resistance against buckling from internal
pressure. By so doing, thinner metal can be
used to make the can and thereby reduce weight
and cost. U.S. Patents 3,905,507; 4,089,475;
4,151,927; 4,177,746; 4,294,373 and 5,105,953
are a few of the many which are concerned with
bottom profiles and methods of making such

profiles.

This Sheet Has Been Replaced

()

|




S iy
cont ai ners and t het eby reduce the cost of packaging. One way to reduce
wei ght of can bodies and cans is to forma bottomprofile which is capable
of strengthening the base 20 wal | ''s resistance agai nst ThisiSiekiHagBéeh Rplaced

internal pressure. By so doing, thinner netal can be used t
and thereby reduce weight and cost. U S. Patents 3, 905, 507;
4,151,927; 4,177,746; 4,294,373 and 5, 102, 953 25 are a few o

whi ch are concerned with bottom profiles and nmet hods of making such
profiles. Many base wall profiles for beverage

cans include an annular portion which slopes
generally inwardly and dowhwardly from a bottom
portion of the can sidewall and an inwardly
5 projecting dome portion circumscribed by such

annular portion. The thinner the metal from
which containers are made, the greater the
tendency for the metal in the inwardly and
downwardly projecting annular wall to wrinkle

10 during redrawing and doming. Clowes U.S. Patent

No. 4,685,322 discloses a method for reducing
wrinkling by forming an inwardly (upwardly)
projecting annular bead in the bottom wall of
the cup which is subsequently redrawn into a

15 container. Elert et al., U.S. Patent No.
4,372,143 proposes.another solution which
involves adapting the apparatus used to form the
dome so as to support the beveled annular wall
with a preséure ring while the dome is being

20 formed.

Another way to reduce can weight is by
using smaller diameter lids to close the can
bodies. This alternative requires that the
center dome on the base profile of the can body

25 also have a smaller transverse diameter in order
to facilitate stacking of cans on one another,
especially filled cans with small diameter lids
on them.

An improved method of forming is

30 needed which minimizes or avoids wrinkling in
the bottom profile of redrawn cans, especially
for cans made of thin metal and having bottoﬁ
domes with small transverse diameters.

The present invention ig a method for

35 drawing and redrawing a metal blank to form a
can body having a base profile which includes a

frusto-conical annular wall portion extending



2o Many base wal‘l: profiles for beverage cans i ncI ude -an--annul ar- portion
whi ch sl opes generally inwardly and downwardly b tt3n1 o tion of the

can sidewall and an inwardly 5 proj ecting et a nscri bed by
such annul ar portion. The thinner the netal fro ers are made,
the greater the tendency for the netal in the | war dl y

projecting annular wall to winkle 10 - 3 during redramAng and dom ng.
Clowes U.S. Patent No. 4,685, 322 discloses a nethod for reducing winkling

by form ng an i nweertdzel(lypviatwdndlypranyd dowrgraardliyt dirdmeache n t he bott om
wal | of the cup i Gld:5 v UWRSRHENdN '&H PYsyY Yiidvall and an
inwardly projecting dome portion circumscribed
by such annular wall portion. The method may
5 include ironing the sidewall of the can body.
This invention draws a metal blank into a cup
having a round boss or annular protrusion
projecting into or from its base wall. The boss
has an annular wall that is located in a portion
10 of the base wall which will be formed into the
frusto-conical wall of the bottom profile when
the cup is redrawn.
Advantages of the invention are in
ninimizing wrinkling in the base profile of a
15 can body during redrawing; providing a base
profdle for can bodies which permits stacking of
filled cans, with small diameter lids, on one
another; and using thinner metal to make a can
body. A further advantage of this invention is
20 that a dome with a2 smaller transverse diameter
can be formed in the bottom profile cf a can
body while retaining pressure holding
capabilities.
Figure 1lA-1lE is a cross-secticnal view
25 showing the progression for forming a drawn and
ironed can body from sheet aluminum in
accordance with this invention.
Figure 2 is a cross-sectional view of
apparatus for forming a drawn cup having an
30 inwardly projecting circular boss in its base
wall in accordance with this invention.
Figure 3 is a cross-gectional view of
apparatus for redrawing and reforming the cup
shown in Figure 2.
35 Figures 4-6 are partial cross-
sectional views similar to Figure 3 showing the

cup in intermediate stages of being redrawn and



ié container.” “Elert et al., U S Patent No. 4,372,143 proposes anot her
sol ution which invol ves adapting the apparatus used to formthe dome so as
to support the beveled annular wall with a pressUﬂﬂsShbdagasvﬁ%dIee i@ done is

bei ng 20 formed. Another way to reduce can WEI smal | er
dianeter lids to close the can bodies. This altern that the
center done on the base profile of the cap body 25 a snal |l er
transverse dianmeter in order to facilitate stacklng of cans on one anot her,

especially fill edrefozmedth smal| diameter lids on them An inproved nethod
of formng is

Figure 7 is a cross-sectional view of
the punch shown in Figures 3-6 in combination
with a typical doming tool for forming the

5 bottom profile on a drawn and ironed can body.
Figure 8 is a cross-sectional view
similar to Figure 7 showing coﬁpletion of
forming of the end profile on the can body.
For ease of description and
10 illustration, the invention will be described
with respect to making a drawn and iromed
beverage can body, but it is understood that its
application is not limited to such a can beody.
It can also be applied to a method of making a
15 container body which is not ironed, such as a
foods can body. The directions "upward" or
"upwardly®, and "downward" or "downwardly® are
used fo; convenience to describe a cup or can
body in an ﬁpright position with the open end
20 facing upward. Those skilled in the art will
appreciate that such cups and can bodies may
have other orientations in the practice of their
manufacture. The terms "inwardly" and
"outwardly" are used to mean the directions
25 toward or away from the interior of a cup or can
body or toward or away from the longitudinal
axis of a cup or can body.
In a typical manufacturing method of
making a drawn and ironed can body, a circular
30 disc or blank is cut or blanked from a sheet of
light gauge metal, such as 3004-H1S aluminum
alloy, and the blank is drawn into a cup. The
cup is then transferred to a body maker
comprised of a punch adapted to move
35 longitudinally and force the cup through a
redraw die and then through coaxially aligned

ironing rings. As the redrawn cup is forced



3¢ needed which minimzes or avoids winkling in the bottom profile of
redrawn cans, especially for cans nmade of thin nBfisBhesa At BiaMitddce@Ot t OM

dormes with snmall transverse dianmeters. The presen a met hod
for 35 drawi ng and redrawi ng a netal bl ank to’!unmmgm },dy havi ng a
base profile which includes a frusto-conical annu on extendi ng
-3- generally inwardly and downwardly £rgm.t he generally cylindrical can
body sidewall and an inwardly projecting done portion circunscribed

through the ironing rings, the sidewall is
thinned. At the end of the punch travel, a
bottom forming die cooperates with the punch to
produce a profile in the base wall of the can

5 body. This forming of the base profile is
typically referred to as "doming®.

By practicing a method of this
invention, thinner gauge metal such as
0.229 to 0.254 mm (0.009 to 0.010 inc) thick,

10 rather than 0.295 mm (0.0116 inch) thick,
aluminum alloy can be formed into a can body
which results in metal savings in at least the
end wall portion of the can body. This
invention also makes it possible to form thin

15 gauge metal can bodies having bottom domes with
smaller transverse diameters with little or no
wrinkling. This facilitates additional metal
savings by enabling stacking of filled cans with
smaller diaﬁeterllids on them.

20 The aluminum alloy which is used in
the practice of this method can be of the 3000
series alloy, such as 3004-H19, or other
aluminum alloys having high strength and
formability. The method of this invention can

25 also be applied to forming of can bodies from
sheets of steel or other metals.

Figure 1 shows the progression of
forming a can body in accordance with this
invention. A disc or blank 10 is first cut from

30 a sheet of aluminum alloy, the disc 10 is
reformed into a cup 12, an annular protrusion or
recessed boss 14 is formed in the base wall of
the cup, the cup 12 is redrawn into a redrawn
cup 16, and the redrawn cup is ironed and

35 reformed into can body 18. The can body 18 of
Figure 1 has a drawn and ironed sidewall 20 and
a base wall with a pressure-resistant profile.



by such annul ar wal | portion. The method may 5

i nclude ironing. the = ___

sidewal | of the can body. This invention draws a netal blank into a cup
having a round boss or annular protrusion projecting into or This $get HasBdomBeplaced

wal | . The boss has an annular wall that is |located in a port|
the base wall which will be fornmed into the frusto-conical
bottom profile when the cup is redrawn.. gdvwant ages

mnimzing winkling in the base profile of a 15

i

of the i vent I on

can body durlng

redrawi ng; provi dilteg bmdsayergfidid lindladeammbadites viihudtgper mits st acki ng
of filled cans, é&lcsarialwlalci %tq_rod 'ﬂs’eﬂn%%f@e%eﬂalﬂpd usi ng thinner

nmetal to make a ca

1nward1y and downwardly from the sidewall 20, an

inwardly projecting dome portion 26, and an

5 arcuate portion 28 connecting the frusto-conical
wall portion 24 and the dome portion 26.

The first step of cutting a blank or
disc 10 and drawing the disc into a cup 12 is

well known in the art and not shown here. After
10 the cup 12 has been formed by any suitable

drawing method, the base wall of the cup is

reformed as shown in Figure 2 to form an

inwardly projecting boss 14 therein. As used

herein, "boss" means a circular protrusion in
15 the bottom end of the cup. The boss 14

prefierably projects into the cup 12 as shown in
Figure 1, but can also project downwardly £from
the cup. The boss 14 has an annular wall 15
which is geﬁerally located. in the portion of the
20 base wall of the cup 12 which will be formed
intc the ihwardly and downwardly extending
frusto-conical wall 17 of the redrawn cup 16 and
frusto-conical wall 24 of can body 18. As

another point of reference, the preferred

25 position for locating the annular wall 15, is
adjacent to and outward of the nose of the punch

which is used to redraw, iron and form the base

profile as is explained below with reference to
Figures 3-8. The annular wall 15 may have a

30 variety of shapes such as curvilinear, as shown
in Figures 2 and 3, or substantially frusto-
conical depending on tool configuration among
other things. The location of wall 15, and not

its shape, is important in the practice of the

35 invention.

Figure 2 shows apparatus for forming a
recessed boss 14 in the base wall of cup 12.



body. A furt her advant age of this invention is 20 ~that a done with a
smal | er transverse diameter can be forned in theTho$He@MapBRh Répghcafl @ can

body while retaining pressure holding capabilitie is a
cross-sectional view 25 show ng the progressi a drawn and
I roned can body from sheet al um numin accordance i ntion

Figure 2 is a cross-sectional view of apparatus for form ng a drawn cup
havi ng an 30 inwardly projecting circular boss in its base wall in
accordance with tHies sppasratium imilpdes 3 jlocatdngs prassixmating ew of
apparatus for redayibth ey MediWlently mounted in a

press as with springs or pressure means, a die

block 32, knockout 34 and a movable forming

5 sleeve 36. The sleeve 36 draws the cup 12 over

the die block 32 and against the pressure ring

30 to form the boss 14 in the cup. The knockout

34 strips the cup 12 from the sleeve 36 when the

sleeve is moved upwardly upon completion of the

10 forming operation. Alternmatively the knockout
34 could be replaced with a stripper ring, not
shown, that would be disposed around the forming
sleeve 36. Although Figures 1 and 2 show the
boss 14 being formed in a cup 12 that has been

15 drawn in a prior operation in different dies,
the preferred method is to form the boss in the
same press and dies which are used to draw the
cup, and thereby eliminate a separate forming
step. '

20 ' After the drawn cup 12 with boss 14 in
its base wall has been formed, the cup is
transferred to a body maker in which the cup is
redrawn, its sidewall ironed and its base wall
reformed. Figures 3-8 illustrate such

25 progressive operations. . The body maker has a
reciprocating ram with an ironing punch sleeve
40, an irconing punch nose 42 and redraw sleeve
44 mounted on it. The ram moves the ironing
punch sleeve 40, nose 42 and redraw sleeve 44

30 into the cup 12 and carries the cup with the
ironing punch and redraw sleeve until .the cup
and redraw sleeve abut against the redraw die
46. The ironing punch sleeve 40 and nose 42
then move the cup 12 through the redraw die 46

35 and then through a series of conventional
ironing rings, not shown. The punch nose 42 has

a recessed center or hollow end to permit



" shown in Fi _gur'e 2_.-' 35 . Figures 4-6 are partial cross-
sectional views simlar to Figure 3 show ng th%hc |n |nterned|ate st ages
ee

of being redrawn and -4- reformed. Figure 7 ®nal vi ew of
t he punch shown in Figures 3-6 in combination w orri ng tool
for formng the 5 bottom profile on adrawn body. Figure

8 is a cross-sectional viewsimlar to-Fisggure 7 shomﬁng conpletlon of

forming of the dome in the end of the can body
at completion of the ram stroke (Figure 8). The
punch nose 42 also has a generally frusto-
conical outer peripheral surface 48 on its

5 axially projecting nose portion 54 for forming a
frusto-conical wall portion on the redrawn cup
(Figure 6) and can body (Figure 8). Surface 48
is preferably slightly concave to mate with a
convex surface of the doming tools as shown in

10 Figure 8 and to produce a preferred concavo-

convex annular wall 24 on the container body.

It is important to this invention that
cup 12 be dimensioned so that the annular wall
15 of the boss 14 on the cup be disposed

15 substantially in line axially (of the cup body
and punch sleeve 40) with the frusto-conical
surface 48 on the punch. This is important
because wall 15 provides the metal which is
reformed into the frusto-conical wall 17 on the

20 redrawn cup 16 and then into wall 24 on the can
body as is described below.

Reforming of annular wall 15 is
illustrated in Figures 4-6. In such reforming,
the metal in wall 15 rolls upwardly toward

25 surface 48 on the punch nose 42, in an
unrestricted open gap between the punch surface
48 and the redraw sleeve 44, until the metal
generally conforms to such surface 48 as is best
seen in Figure 6. During such rolling, the

30 metal in wall 15 acts as a quasi tool to control
flow of adjacent metal and minimize wrinkling of
the metal. The distance between the annular
wall 15 and the axial centerline of cup 12 does
not change, or changes very little during such

35 rolling. Instead the metal is reformed at
approximately the same radius measured from the

centerline of the punch sleeve 40. This



" forming of thé end profile on the can body. For ease of. description and 10

illustration, the invention will be described with respect ﬂbwﬁkkﬁ Been Replaced
drawn and ironed beverage can body, but it is understood that

application is not limted to such a can body. It can also b H ,ul
met hod of making a 15 container body mhich I S not 'roned suc

food can body. The directions upmard"-o$ “upwardly", and domnmard or

"downwar dl y" are used for conveni ence to describe a cup or can body in an
upri ght positionmifimiges wpdnkdingoof therpetad dpFdrg. sufBose skilled in

the art wll app&eeb&h&nbhatw&aﬁnleagscaadoeaarbeﬁl9&16&ya&%ve ot her
orientations in the racthpe of Q
ethods when meta 1n a cup is forced to move or
ig drawn toward the longitudinal axis of the
5 cup, which means that the metal is being forced

into a smaller circumference. BAnd, forcing

sheet metal into a smaller circumference is one
cause of wrinkling.
Rolling of the metal in wall 15

10 upwardly as described above may also result in
some beneficial thickening of the metal as it is
compressed in column loading during such
reforming. Such thickening of the metal may
increase pressure resistance of the can body.

15 After the cup 12 has beéen redrawn as
showp in Figures 3-6, the ironing punch
continues its travel to move the redrawn cup 18
through a plurality of conventional ironing
rings, not shown.. Typically, a body maker

20 - includes two or more ironing rings coaxially
aligned with the redraw ring 46, with each
ironing ring having a slightly smaller diameter
than the preceding ring in order to

progressively thin and lengthen the sidewall of
25 the cup.

Figures 7 and 8 show how the inwardly
projecting dome of the can body 18 is formed by
pressing the base wall of the drawn and irocned
body against doming tools after the body has

30 passed through the last ironing ring. The
doming tools, which are typical of tools used in
the art, include a doming die 50 for forming the
base wall of the can body into an upwardly
projecting dome 26, and a draw die 52 for

35 forming the frusto-conical wall 24 of the can
body 18 against surface 48 on punch nose 42,

Figure 8 shows the punch as it bottoms out



“ manufacture. The terms "inwardly" and "outwardly" are used to mean the

directions 25 toward or away fromthe intefiioshe@fiasBenReptkedcan body or
toward or away fromthe |ongitudinal axis of a . In a

typi cal manufacturing nmethod of making a drawn q body, a
circular 30 disc or blank is cut or bl anked sheet of |ight gauge

nmetal, such as 3004-H19 al um num al |l oy, a@d-the blank is drawn into a cup.
The cup is then transferred to a body maker conprised of a punch adapted to
nove 35 | ongidgsadinstt | thendbring ccddies atp ddupliepion refirthe di e and t hen

t hrough coaxi al | yf@gn;ﬂ[becgf' Nl B dd ’}stof:ﬁse tde dRdran k%’ci&ifsf or ced

It will be appreciated by those
skilled in the art that the substantially-

5 frusto-conical wall portion 24 of the can body
have a variety of sizes and shapes. For
example, such wall portion could be outwardly
convex, straight, outwardly concave or a
combination of curves and/or straight portions.

10 It will also be appreciated that the dome
portion 26 can have a variety of shapes and
sizes as are well known in the art.

It is believed that the reduction or
elimination of wrinkling in the frusto-conical

15 wall 24 by the practice of this invention also
reduces undesirable thinning of metal that can
occur during doming. Forming of the inwardly
projecting dome in the base profile requireé
some drawing of metal inwardly over the

‘20 projecting nose 54 of the ironing punch and into
the dome. Wrinkles in the £frusto-conical wall
24 produce resistance to such drawing because
the wrinkles make it more difficult to draw the
metal inwardly intc the dome. This resistance

25 can cause localized elongation and thinning of
the metal in the arcuate portion 28 of the base
profile. Reducing wrinkling by the practice of
this invention minimizes resistance to drawing
of metal into the dome and thereby reduces

30 undesgirable thinning of the metal in the arcuate
portion 28.

After the base profile is formed, the
ironing punch is retracted or moved away from
the doming tools and the can body is stripped

35 from the punch. Such stripping is by means, not
shown, such as compressed air and/or mechanical
strippers which are well known in the art.



through the ironing rings, the sidewall is thinned. At the end of the punch
travel, a bottomformng die cooperates with the punch to pryxBhes Has BeeroRaplaced

in the base wall of the can 5 body. This form ng of the i
is typically referred to as "dom ng". By practicing a nethod
I nvention, thinner gauge netal such as 0.229 to 0.254 mm (O. :

inc) thick, 10 rat her than 0.295 nm @@. 0116 inch) thick, alum num all oy
can be forned into a can body which results in netal savings in at |east
t he It is seen from the above that the

method of this invention strategically places
metal in the annular wall of the base in the
drawn cup for the metal to be reformed into the
5 frusto-conical wall in the base wall of a

container body with little or no wrinkling of
the metal. The specially designed shapes
prevent wrinkling due to the stiffening effect
they create and thus control the metal flow

10 during the initial redraw until the lower body
radius and redraw radius are approximately
tangent. Then the tool profiles, gap and redraw
sleeve pressure combine to provide the necessary
control to complete the redraw operation. The

15 metal in the annular wall of the boss is
reformed into the frusto-conical wall of the
redrawn cup without significantly displacing the
metal relative to the longitudinal axis‘of the
cup so as to minimize any confining of the metal

20 into a smaller circumference that would cause it
to wrinkle. '

Forming by the method of this

invention makes it possible to use 0.203 to
0.305 mm (0.008 to 0.012 inch) thick 3004-H1S

25 aluminum in making a 211 diameter can body with
little or no wrinkling of the profiled portions
of the end wall and with no reduction in
pressure holding capability. Substantially
wrinkle free 211 diameter can bodies have been

30 successfully formed with this invention with
0.254 mm (0.010 inch) gauge 3004-H19 to a 47 mm
(1.850 inch) base diameter. As used in the art,
base diameter means the diameter of a can body
at the bottom of annular supporting portion 28

35 (Figure 1l). Prior attempts in the can making
industry to consistently produce 211 diameterxr
can bodies from less than 0.279 mm (0.011 inch)



~end wall portion of the-can body. This invention also nakes it possible to

formthin 15 gauge netal can bodi es having bottom donmeshiyHe&t HaBdeh Réplaced
transverse dianmeters with little or no winkling. This facil

addi tional netal savings by enabling stacking of filled can#lﬂ{lﬂﬂleﬂmg’
di anmeter lids on them 20 The al um num al | oy

in the practice of this nethod can be of 12he 3000 series alloy, such as
3004- H19, or other alum num alloys having high strength and formability.
The method of thi thickeB0DéRHEANb2Bnks, akseilmtlappbasd Hbametersg of can

bodi es from sheet §; ofio§te@k1Rk185Neh WRLALSa FLYY! CndvaNBUEA! he Progressi on

of
unsuccessful.

While the invention has been developed
5 and is particularly useful in‘the manufacture of
211 diameter can bodies with a bottom profilé
having a 47 mm (1.850 inch) base diameter, the
invention is also useful in the forming of
larger or smaller diameter can bodies with
10 proportionately larger or smaller base diameters
on their bottom profiles.

It is believed that the reduction or
elimination of wrinkling in the frusto-conical
wall 24 by the practice of. this invention also

15 reduced thinning of metal that can occur during
doming. Forming of the inwardly projecting dome
in the base profile requires some drawing of
metal inwardly over the projecting nose 54 of
the ironing punch to form the dome. Wrinkles in

20 the frusto-conical wall 24 produce resistance to
such drawing, i.e., make it more difficult to
draw the metal inwardly, and can cause greater
localized elongation and thinning of the metal
in the dome portion 26. Thus, reducing

25 wrinkling also reduces undesirable thinning of
the metal, or makes more uniform any thinning
that does occur.

While the invention has been described
in terms of preferred embodiments, the claims

30 appended hereto are intended to encompass all
embodiments which fall within the spirit of the
invention. For example, the method of this
invention can include partially forming the
upwardly projecting dome in the bottom wall of

35 the redrawn container prior to ironing of the

sidewall of the can body.



g ng can body in accordance with this invention. A“&iéé”é?“ﬁréﬁk”io i s
CASEr QR - 8LBBERKED a sheet of aluminumalloy, the eelﬂasui@erﬂkbm
into a cup 12, an annular protrusion or recessed boss n the

base wall of the cup, the cup 12 is redrawn into a red nd t he
redrawn cup is ironed and 35 reformed into can body 18 e can body
18 of Figure 1 has a drawn and ironed siggwall 20 and a base mall wth a
pressure-resi stant profile. -6- The base profile includes an outer
frusto- CLAIMS

1. A method of forming a metal container

body comprising drawing a metal cup having a
sidewall and a base wall with an upwardly

5 projecting boss in the base wall, said boss
having a transverse wall and an annular wall
portion adjacent the sidewall of the cup, and
reforming said base wall by rolling the metal in
said annular wall upwardly with respect to said

10 transverse wall to form a generally frusto-
conical annular wall portion between said
transverse wall and said sidewall.

2. A method according to claim 1, which
comprises:

15 drawing a metal cup having a sidewall
and a base wall which includes a central wall
portion; an annular wall portion around said
central wall portion and an outer peripheral
wall portioﬁ; and

20 redrawing said metal cup to reform
said annular wall portion into a frusto-conical
wall portion between said central wall portion
and the sidewall of the redrawn cup.

3. A method as set forth in claim 2, in

25 which said central wall portion is reformed into
an upwardly projecting dome portion subsequent
to the redrawing of said cup.

4. A method according to claim 1, which
includes ironing of the sidewall of the redrawn

30 cup to form a can body. .

5. A method according to claim 4, which
further includes forming an inwardly projecting
dome portion in the base wall of said can body.

6. A method according to claim 4,

35 comprising forming a metal can body by:
drawing a cup having a sidewall and a

base wall with an inwardly projecting circular

[ \\\||\ IIIll i \II!



- conical wall portion 24 extending generally inwardly and downwardly from =~ ™
the sidewall 20, an inwardly projecting done portion 26, angis8keetHas Been Replaced
arcuate portion 28 connecting the frusto-conical wall porti

donme portion 26. The first step of cutting a blank or disc g’ﬁlmmwmﬂu
the disc into a cup 12 is well known in the art and not sho ,

10 the cup 12 has been formed by anryl4urtable drawi ng net hod, the base
wal | of the cup is reforned as shown in Figure 2 to forman inwardly

proj ecting boss Tpahcthereinshawing e einnuldin sl headiacent rehear
protrusion in 15 gjqgewdt1 RO tMa eghb of the cup. The boss 14 preferably

projects into the cup 12 as shown in R
redrawing the cup to reduce its

diameter;

5 reforming said annulﬁr wall into a
frusto-conical wall portion extending downwardly
and inwardly from the sidewall to said base
wall; '

ironing said sidewall to reduce its
10 thickness; and
forming an upwardly projecting dome in

said base wall.
7. A method according to claim 6, whereby
said redrawing, ironing and forming of an

15 upwardly projecting dome are performed in a
single stroke of a punch.
8. A method according to claim 6, in
which said cup is drawn from an aluminum alloy
sheet material having a thickness of 0.305 mm

20 (0.012 inch) or less.
9. A metal container body formed by the
method of claim 3 or 6.
10. A metal container body as set forth in
claim 9, which includes an annular supporting

25 portion which connects said frusto-conical wall
portion and dome portion.
11. . A metal container body as set forth in
claim 10, in which said annular supporting
portion has a transverse diameter of

30 approximately 47 mm (1.850 inch).
12. A drawn cup which is adapted to be
redrawn and formed into a container body having
a sidewall and a base profile which includes an
upwardly projecting dome portion and a f£rusto-

35 conical wall portion connecting said dome
portion to said sidewall, said cup having a

sidewall and a bottom wall which has an inwardly

W



Figure 1, but can also project dowwardly fromthe cup. The boss 14 has an
annul ar wall 15 which is generally located in the portion of the 20

base wall of the cup 12 which will be fornmed into the inwardly and
downwar dl y extending frusto-conical wall 17 of the redrawn cup 16 and
frusto-conical wall 24 of can body 18. As another point of reference, the
preferred 25 position for |ocating tdke -annular wall 15, is adjacent to
and outward of the nose of the punch which is used to redraw, iron and form
the base profil eP¥®iesting arNad bepswthrrriref 8pdAcboss bRydrss 3-8. The

annul ar wall 15 gay ahavweazx 2@dewallaiwi@hyaolighapes such as curvilinear, as
shown in Figures 2 and.3, .0 ysgg%tantially Lgugpo-

approxlmhte& same as’ t 1ameter.of the

frusto-conical wall on the container body to be
5 formed from said drawn cup. ‘ '

13, A drawn cup as set forth in claim 12,

which includes an annular supporting portion

which connects said frusto-conical wall portion

and said dome portion.

This Sheet Has Been Replaced

AT

Tt



Comcar-—8s8%8 on tool configuration anong other things. The |ocation of
wal | 15, and not its shape, is inportant in the practice of the 35
invention. Figure 2 shows apparatus for formng a recessed boss 14 in the
base wall of cup 12. 7- The apparatus includes a |ocating pressure ring
30 which is preferably resiliently -mounted in a press as wth springs or
pressure nmeans, a die block 32, knockout 184 -and a novable formng 5

. he sl eeve 36 draws the cup 12 over
slieeve 36 T METHOD OF FORMING A METAL CONTAINER BODY

ABSTRACT
A method of forming a metal container
body comprising drawing a metal cup (12) having
5 a sidewall and a base wall with an upwardly
projecting boss in the base wéil, said boss
having a transverse wall (14) and an annular
wall portion (15) adjacent the sidewall of the
cup (12), and reforming said base wall by
10 rolling the metal in said annular wall (15)
upwardly with respect to said transverse wall
(14) to form a generally frusto-conical annular
wall portion between said transverse wall (14)
and said sidewall.

-
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the die bl ock 32 and against the pressure ring 30 to fornhthe"boss“14“in_'
t he cup. The knockout 34 strips the cup 12 fromthe sl eeve 36 when the

sl eeve is noved upwardly upon
Alternatively the knockout 34
shown, that would be disposed
Figures 1 and 2 show t he boss
drawn in a prior operation in

conpl etion of the 10 & encRepladad
could be replaced with a st ot
around the form ng sleeve 3 }

14 being forned in a cup 12 that has been 15
different dies, the preferred nethod is to

formthe boss in the sane press and dies which are used to draw the cup,
and thereby elimnate a separate form ng step. 20 After the

drawn cup 12 with boss 14 in

—_— . FIG.IA
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its base wall has been formed, the cup is transferred td a body maker in
which the cup is redrawn, its sidewal l HOﬂQﬁisSHbstHaEﬁeePﬂ r ef or med.
Figures 3-8 illustrate such 25 progressi e body naker
has a reciprocating ramw th an ironing puncamﬂgmuwyfm i roning punch
nose 42 and redraw sl eeve 44 nounted on it. he ironing punch
sl eeve 40, nose 42 and redraw sl eeve 44 30 into the cup 12 and carries
the cup with the ironing punch and redraw sl eeve until the cup and redraw

sl’eeve abut against the redraw die 46. The ironing punch sl eeve 40 and nose
42 then nove the cup 12 through the redraw die 46 35 acnd then through a

series of conventi 7_ < 4L4
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ironing rings, not shown. The punch nose 42 has a recessed.center or holl ow
end to permt -8- formng of the done in the end %f_the can body at

conpl etion of the ramstroke (Figure 8). The punch n higs nlRgsjacad
generally frusto- conical outer peripheral surface 48J ’ I xially
projecting nose portion 54 for formng a frusto-coni cal | on the
redrawn cup (Figure 6) and can body (Figure 8). Surface 48 is preferably
slightly concave to mate with a convex surface of the dom ng tools as shown
in

L\ _ a8
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10 Figure 8 and to produce a preferred concavo- convex.annul ar. wall 24
on the container body. It is inportant to this invention that cup 12 be

di mensi oned so that the annular wall 15 of the bdsS e be
di sposed 15 substantially in line axially (of ﬂ J nd punch
sl eeve 40) with the frusto-conical surface 48 on t S

| nportant because wall 15 provides the netal which is refornmed into the
frusto-conical wall 17 on the 20 redrawn cup 16 and then into wall 24
on*the can body as is described below. Reform ng of annular wall 15 is
illustrated in Figures 4-6. In such reformng, the netal in wall 15 rolls
upwardly toward

N
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25 surface 48 on the punch nose 42, in an unrestricted open gap between .
‘the punch surface 48 and the redraw sl eeve 44, until the netal generally
conforms to such surface 48 as is best seen in Figure 6. During such,
rolling, the 30 metal im wall 15 acts as a quasi tool to c@atrel «flGw
of adjacent metal and minimze winkling of the metal. The di stapge. pet ween
the annular wall 15 and the axi al center%ine of cup 12 does not chgnge, or
changes very little during such 35 “rolTing. Instead the netal “'s]
refornmed at approximately the sanme radi us neasured fromthe centerline of

t he punch sl eeve 40. This

. .REPLAI&ﬂdENT‘SHEETS SG
| 7 Description : paged ./, to paged f3.

[f Claima(s)  :paged .2 to paged M,
2 Drawiz :paged ..l io paged %
B Abstract paged /% to paged ..

METHOD OF FORMING A METAL CONTAINER BODY k/
This invention relates to a method of

forming a container body such as a drawn
container body formed from a metal blank, and to

5 a contaiﬁer body formed by such method. More
particularly, it relates to a method which
minimizes or avoids wrinkling of metal during
forming of the bottom profile in a container
body. '

10 It is well known to draw and iron a
sheet metal blank to make a thin-walled can body
for packaging carbonated beverages. It is also
well known that metal manufacturers, can makers
and carbonated beverage packagers have had, and

15 continue to have, a goal to reduce the weight of
containers and thereby reduce the cost of
packaging. One way to reduce weight of can
bodies and cans is to form a bottom profile
which is capable of strengfhening the base

20 wall’s resistance against buckling from internal
pressure. By so doing, thinner metal can be
used to make the can and thereby reduce weight
and cost. U.S. Patents 3,905,507; 4,099,475;

i 4,151,927; 4,177,746; 4,294,373 and 5,105,953

25 are a few of the many which are concerned with

bottom profiles and methods of making such

f£i . i
profiles This is the replacement shest
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m nimzes winkling of the metal during such reformng. Winkling can occur
in prior art methods when netal in a cup is forced to nove or is drawn
toward the |ongitudinal axis of the 5 cup, which nmeans that the netal
is being forced into a smaller circunference. And, forcing sheet nmetal into
a smaller circunference is one cause of winkling. Rolling of the netal in
wal | 15 10 upwardly as descri bed above nay also result in sone
beneficial thickening of the netal as rt2is conpressed in colum | oadi ng

during such reform ng. Such thickening_of the netal na¥ I NnCrease pressure

cans include an annular portion which slopes
generally inwardly and dowﬁwardly from a bottom
portion of the can sidewall and an inwardly
5 projecting dome portion circumscribed by such

annular portion. The thinner the metal from
which containers are made, the greater the
tendency for the metal in the inwardly and
downwardly projecting annular wall to wrinkle

10 during redrawing and doming. Clowes U.S. Patent
No. 4,685,322 discloses a method for reducing
wrinkling by forming an inwardly (upwardly)
projecting annular bead in the bottom wall of
the cup which is subsequently redrawn into a

15 container. Elert et al., U.S. Patent No.
4,372,143 proposes.another solution which
involves adapting the apparatus used to form the
dome so as to support the beveled annular wall
with a preséure ring while the dome is being

20 formed.

Another way to reduce can weight is by
using smaller diameter lids to close the can
bodies. This alternative requires that the
center dome on the base profile of the can body

25 also have a smaller transverse diametexr in order
to facilitate stacking of cans on one another,
especially filled cans with small diameter lids
on them.

An improved method of forming is

30 needed which minimizes or avoids wrinkling in
the bottom profile of redrawn cans, especial}y
for cans made of thin metal and having bottom
domes with small transverse diameters.

The present invention is a method for

35 drawing and redrawing a metal blank to form a
can body having a base profile which includes a

frusto-conical annular wall portion extending

This is the replacement shest
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15 After the cup 12 has been redrawn as shown in Figures 3-6,
*the ironing punch continues its travel to nove the redrawn cup 18 through a
plurality of conventional ironing rings, not shown. Typically, a body maker
20 i ncludes two or nore ironing rings coaxially aligned with the redraw
ring 46, with each ironing ring having a slightly smaller dianeter than the
preceding ring in order to progressively thin and | engthen the sidewall of
25 the cup. Figures 7 and 8 show howdthe i nwardly projecting dome of
the can body 18 is forned by pressing_the base_wall of the drawn and ironed
body agai nst don¥RBerdsly¥ éFWéFd%HeaB€d9°W§§ardly from the

generally cylindrical can body sidewall and an
inwardly projecting dome portion circumscribed
by such annular wall portion. The method may
5 include ironing the sidewall of the can body.
This invention draws a metal blank into a cup
having a round boss or annular protrusion
projecting into or from its base wall. The boss
has an annular wall that is located in a portion
10 of the base wall which will be formed into the
frusto-conical wall of the bottom profile when
the cup is redrawn.
Advantages of the invention are in
minimizing wrinkling in the base profile of a
15 can body during redrawing; providing a base
profdle for can bodies which permits stacking of
filled cans, with small diameter lids, on one
another; and using thinner metal to make a can
body. A further advantage of this invention is
20 that a dome with a smaller transverse diameter
can be formed in the bottom profile of a can
body while retaining pressure holding
capabilities.
Figure 1lA-1E is a cross-sectional view
25 showing the progression for forming a drawn and
ironed can bedy from sheet aluminum in
accordance with this invention.
Figure 2 is a cross-sectional view of
apparatus for forming a drawn cup having an
30 inwardly projecting circular boss in its base
wall in accordance with this invention.

Figure 3 is a cross-sectional view of
apparatus for redrawing and reforming the cup
ghown in Figure 2.

35 Figures 4-6 are partial cross-
sectional views similar to Figure 3 showing the
cup in intermediate stages of being redrawn and

g e ‘e o
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30 - passed through the last ironing ring. The domi ng tools, which are
‘typical of tools Used in the art, include a donming die 50 for formng the
base wall of the can body into an upwardly projecting done 26, and a draw

die 52 for 35 formng the frusto-conical wall 24 of the can body 18
agai nst surface 48 on punch nose 42. Figure 8 shows the punch as it bottons
out - 10 - against the dom ng tools at conpletion of the formng of the

base profile on the can body 18. It wit1l4be appreciated by those

reformed.

Figure 7 is a cross-sectional view of
the punch shown in Figures 3-6 in combination
with a typical doming tool for forming the

5 bottom profile on a drawn and ironed can body.

Figure 8 is a cross-sectional view
similar to Figure 7 showing completion of
forming of the end profile on the can body.

For ease of description and

10 illustration, the invention will be described
with respect to making a drawn and ironed
beverage can body, but it is understood that its
application is not limited to such a can body.
It can also be applied to a method of making a

15 container body which is not ironed, such as a
foods can body. The directions "upward" or
nppwardly", and "downward" or "downwardly" are
used for convenience to describe a cup or can
body in an ﬁpright position with the open end

20 facing upward. Those skilled in the art will
appreciate that such cups and can bodies may
have other orientations in the practice of their
manufacture. The terms "inwardly® and
"outwardly" are used to mean the directions

25 toward or away from the interior of a cup or can
body or toward or away from the 1ongitudina1
axis of a cup or can body.

In a typical manufacturing method of
making a drawn and ironed can body, a circular

30 disc or blank is cut or blanked from a sheet of
light gauge metal, such as 3004-H19 aluminum
alloy, and the blank is drawn into a cup. The
cup is then transferred to a body maker
comprised of a punch adapted to move

35 longitudinally and force the cup through a
redraw die and then through coaxially aligned

ironing rings. As the redrawn cup is forced
This is the replacement sheet
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skilled in the art that the substantially 5 frusto-conical wall portion
24 of the can body have a variety of sizes and shapes. For exanple, such
wal | portion could be outwardly convex, straight, outwardly concave or a
conbi nati on of curves and/or straight portions. 10 It will also be
appreci ated that the done portion 26 can have a variety of shapes and sizes
as are well known in the art. It is believed that the reduction or
elimnation of winkling in the frusto-cnmical 15 wal | 24 by the
practice of this invention also reduces undesirable thinning of netal that
can occur duri nghiomgly. thrinoning rirgsnvihell sigewpblttiag done in the

base profile reqyjisifed. At the end of the punch travel, a
bottom forming die cooperates with the punch to
produce a profile in the base wall of the can

8 body. This forming of the base profile is
typically referred to as "doming".

By practicing a method of this
invention, thinner gauge metal such as
0.229 to 0.254 mm (0.009 to 0.010 inc) thick,

10 rather than 0.295 mm (0.0116 inch) thick,
aluminum alloy can be formed intc a can body
which results in metal savings in at least the
end wall portion of the can body. This
invention also makes it possible to form thin

15 gauge metal can bodies having bottom domes with
smalier transverse diameters with little or no
wrinkling. This facilitates additional metal
savings by enabling stacking of filled cans with
smaller diaﬁeter lids on themn.

20 The aluminum alloy which is used in
the practice of this method can be of the 3000
series alloy, such as 3004-H19, or other
aluminum alloys having high strength and
formability. The method of this invention can

25 also be applied to forming of can bodies from
sheets of steel or other metals.

Figure 1 shows the progression of
forming a can body in accordance with this
invention. A disc or blank 10 is first cut from

30 a sheet of aluminum alloy, the disc 10 is
reformed into a cup 12, an annular protrusion or
recessed boss 14 is formed in the base wall of
the cup, the cup 12 is redrawn into a redrawn
cup 16, and the redrawn cup is ironed and

35 reformed into can body 18. The can body 18 of

Figure 1 has a drawn and ironed sidewall 20 and

a base wall with a pressure-resistant profile.
This is the replacement sheat
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sone drawi ng of .nmetal inwardly over the 20 proj ecting nose 54 of the .
‘ironing punch and into the dome. Winkles in the frusto-conical wall 24
produce resistance to such drawi ng because the winkles make it nore
difficult to draw the nmetal inwardly into the done. This resistance 25

can cause | ocalized elongation and thinning of the nmetal in the arcuate
portion 28 of the base profile. Reducing winkling by the practice of this
i nvention mninizes resistance to drawrn® of netal into the dome and

t hereby reduces 30 undesirable thinning of the netal in the arcuate
portion 28. AfteTh?hEaﬁaseraFHﬂ§nF§U¢sﬁ B, °vheri FBRPRE punch is
retracted or noveénfivay walblh portion 24 extending generally

inwardly and downwardly from the sidewall 20, an
inwardly projecting dome portion 26, and an

5 arcuate portion 28 connecting the frusto-conical
wall portion 24 and the dome portion 26.

The first step of cutting a blank or
disc 10 and drawing the disc into a cup 12 is
well known in the art and not shown here. After

10 the cup 12 has been formed by any suitable
drawing method, the base wall of the cup is
reformed as shown in Figure 2 to form an
inwardly projecting boss 14 therein. As used
herein, "boss" means a circular protrusion in

15 the bottom end of the cup. The boss 14
preferably projects into the cup 12 as shown in
Figure 1, but can also project downwardly from
the cup. The bessg 14 has an annular wall 15
which is geﬁerally located. in the portion of the

20 bagse wall of the cup 12 which will be formed
into the ihwardly and downwardly extending
frusto-conical wall 17 of the redrawn cup 16 and
frusto-conical wall 24 of can body 18. As
another point of reference, the preferred

25 position for locating the annular wall 15, is
adjacent to and outward of the nose of the punch
which is used to redraw, iron and form the base
profile as is explained below with reference to
Figures 3-8. The annular wall 15 may have a

30 variety of shapes such as curvilinear, as shown

in Figures 2 and 3, or substantially frusto-
conical depending on tool configuration among
other things. The location of wall 15, and not
its shape, is important in the practice of the

35' invention.

Figure 2 shows apparatus for forming a
recessed boss 14 in the basge wall of cup 12.

e s cmt
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the dom ng tools.and the can body is stripped 35 fromthe punch. Such
stripping i s by means, ‘not shown, such as conpressed air and/or mechani cal
strippers which are well known in the art. - 11 - It is seen fromthe
above that the nethod of this invention strategically places netal in the
annul ar wall of the base in the drawn cup for the netal to be reforned into
the 5 frusto-conical wall in the base wall of a container body with
little or no winkling of the netal. The7specially desi gned shapes

The apparatus includes a locating pressure ring
30 which is preferably resiliently mounted in a
press as with springs or pressure means, a die
block 32, knockout 34 and a movable forming
5 sleeve 36. The sleeve 36 drawg the cup 12 over

the die block 32 and against the pressure ring
30 to form the boss 14 in the cup. The knockout
34 strips the cup 12 from the sleeve 36 when the
sleeve is moved upwardly upon completion of the

i0 forming operation. Alternatively the knockout
34 could be replaced with a stripper ring, not
shown, that would be disposed around the forming
sleeve 36. Although Figures 1 and 2 show the
boss 14 being formed in a cup 12 that has been

15 drawn in a prior operation in different dies,
the preferred method is to form the boss in the
same press and dies which are used to draw the
cup, and thereby eliminate a separate forming
step. '

20 ’ After the drawn cup 12 with boss 14 in
its base wall has been formed, the cup is
transferred to a body maker in which the cup is
rédrawn, its sidewall ironed and its base wall
reformed. Figures 3-8 illustrate such

25 progressive operations. . The body maker has a
reciprocating ram with an ironing punch sleeve
40, an ironing punch nose 42 and redraw sleeve
44 mounted on it. The rém moves the ironing
punch sleeve 40, nose 42 and redraw sleeve 44

30 into the cup 12 and carries the cup with the

ironing punch and redraw sleeve until .the cup

and redraw sleeve abut against the redraw die

46. The ironing punch sleeve 40 and nose 42

then move the cup 12 through the redraw die 46

35 and then through a series of conventional
ironing rings, not shown. The punch nose 42 has

a recessed center or hollow end to permit

This is the replacement shesat
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prevent wrinkling due to the stiffening effect they create and thus control
the metal flow 10 during the initial redraw until the | ower body radius

and redraw radi u
and redraw sl eev
conplete the red
boss i s reforned
significantly di
cup so as to mn
circunference th

10

15

20

25

30

35

s are approxi mately tangent. Then the tool profiles, gap
e pressure conbine to provide the necessary control to

raw operation. The 15 metal in the annular wall of the

into the frusto-conical wall of the redrawn cup w t hout

spl aci ng the netal rel atBve to the | ongi tudi nal axis of the

f h t al t |1
£PrBEaoEabte fombo Loy el ERFORiHE B9 et nod of (hi s

at completion of the ram stroke (Figure 8). The
punch nose 42 also has a generally frusto-
conical ocuter peripheral surface 48 on its
axially projecting nose portion 54 for forming a
frusto-conical wall portion on the redrawn cup
(Figure 6) and can body (Figure 8). Surface 48
is preferably slightly concave to mate with a
convex surface of the doming tools as shown in
Figure 8 and to produce a preferred concavo-
convex annular wall 24 on the container body.

It is important to this invention that
cup 12 be dimensioned so that the annular wall
15 of the boss 14 on the cup be disposed
substantially in line axially (of the cup body
and punch sleeve 40) with the frusto-conical
surface 48 on the punch. This is important
because wall 15 provides the metal which is
reformed into the frusto-conical wall 17 on the
redrawn cup 16 and then into wall 24 on the can
body as is described below.

Reforming of annular wall 15 is
illustrated in Figures 4-6. In such reforming,
the metal in wall 15 rolls upwardly toward
surface 48 on the punch nose 42, in an
unrestricted open gap between the punch surface
48 and the redraw sleeve 44, until the metal
generally conforms to such surface 48 as is best
seen in Figure 6. During such rolling, the:
metal in wall 15 acts as a quasi tool to control
flow of adjacent metal and minimize wrinkling of
the metal. The distance between the annular
wall 15 and the axial centerline of cup 12 does
not change, or changes very little during such
rolling. Instead the metal is reformed at
approximately the same radius measured from the
centerline of the punch sleeve 40. This

This ig the replacement
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|nvent|on makes it. possible to use 0.203 to 0.305 nm (0.008 to 0.012 inch)
thi ck 3004- H19 25 al um num in maki ng a 211 di ameter- can body with
little or no winkling of the profiled portions.of the end wall and with no
reduction in pressure holding capability. Substantially winkle free 211

di anmeter can bodi es have been 30 successfully formed with this

I nvention with 0.254 nm (0. 010 inch) gauge 3004-H19 to a 47 mm (1.850 inch)
base dianmeter. As used in the art, basé di aneter neans the dianeter of a

can body at the QQLEBELQL gggﬂkiinﬁdugfghgn% gg%tlggéﬁ3|B%SPOdU(Figure 1).

Prior attenpts i e can na ce 211
di aneter can bodF@§°Fmbﬁ9Fes?r%hkh1992¢9nnnc¢@roim pmiby art

methods when metal in a cup is forced to move or
is drawn toward the longitudinal axis of the
5 cup, which means that the metal is being forced
into a smaller circumference. And, forcing
sheet metal into a smaller circumference is one
cause of wrinkling.
Rolling of the metal in wall 15

10 upwardly as described above may also result in
some beneficial thickening of the metal as it is
compressed in column loading during such
reforming. Such thickening of the metal may
increase pressure resistance of the can body.

15 After the cup 12 has been redrawn as
showp in Figures 3-6, the ironing punch
continues its travel to move the redrawn cup 18
through a plurality of conventional ironing
rings, not shown.. Typically, a body maker

20 . includes two or more ironing rings coaxially
aligned with the redraw ring 46, with each
ironing ring having a slightly smaller diameter
than the preceding ring in order to

progressively thin and lengthen the sidewall of
25 the cup.

Figures 7 and 8 show how the inwardly
projecting dome of the can body 18 is formed by
pressing the base wall of the drawn and ironed
body against doming tools after the body has

30 passed through the last ironing ring. The

doming tools, which are typical of tools used in

the art, include a doming die 50 for forming the

base wall of the can body into an upwardly

projecting dome 26, and a draw die 52 for

35 forming the frusto-conical wall 24 of the can
body 18 against surface 48 on punch nose 42.

Figure 8 shows the punch as it bottoms out

5" ey & P - H 3
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- 12 - thick 3004-H19 bl anks, at simlar base diameters wi thout winkles in
the end wall, have been unsuccessful. Wile the invention has been

devel oped 5 and is particularly useful in the manufacture of 211

di aneter can bodies with a bottom profile having a 47 mm (1. 850 inch) base

di ameter, the invention is also useful in the formng of larger or snaller

di aneter can bodies with 10 proportionately |arger or smaller base

di aneters on their bottom profiles. - 10 -

against the doming tools at completion of the
forming of the base profile on the can body 18.
It will be appreciated by those
skilled in the art that the substantially
5 frusto-conical wall portion 24 of the can body
have a variety of sizes and shapes. For
example, such wall portion could be outwardly
convex, straight, outwardly concave or a
combination of curves and/or straight portions.
10 It will also be appreciated that the dome
portion 26 can have a variety of shapes and
sizes as are well known in the art.
It is believed that the reduction or
elimination of wrinkling in the frusto-conical
15 wall 24 by the practice of this invention also
reduces undesirable thinning of metal that can
occur during doming. Forming of the inwardly
projecting dome in the base profile requires
some drawing of metal inwardly over the
‘20 projecting nose 54 of the iromning punch and into
the dome. Wrinkles in the frusto-conical wall
24 produce resistance to such drawing because
the wrinkles make it more difficult to draw the
metal inwardly into the dome. This resistance
25 can cause localized elongation and thinning of
the metal in the arcuate portion 28 of the base
profile. Reducing wrinkling by the practice of
this invention minimizes resistance to drawing
of metal into the dome and thereby reduces
30 undesirable thinning of the metal in the arcuate
portion 28.

After the base profile is formed, the
ironing punch is retracted or moved away from
the doming tools and the can body is stripped
35 from the punch. Such stripping is by means, not

shown, such as compressed air and/or mechanical

strippers which are well known in the art.

This is the replacement sheset
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It is believed that the reduction or elinination of winkling in the
frusto-conical wall 24°by the practice of this invention al so 15

reduced thinning of netal that can occur during donmng. Forming of the

i nwardly projecting done in the base profile requires some draw ng of netal
i nwardly over the projecting nose 54 of the ironing punch to formthe done.
Winkles in 20 the frusto-conical wall 24 produce resistance to such
drawing, i.e., make it nore difficult tdﬁhraM/thefneLal i?m?rQIyihang can
cause greater localized elgngation and thinning of the netal in e done
portio% 26. Thus, reducing¥®5i8 Seff ARPPN§ha sbovedfdas Fhdesirabl e
thinning of the nmetahbd of mrhiesinveatibn’ @tFadRyicAINg Blaces

metal in the annular wall of the base in the
drawn cup for the metal to be reformed into the
5 frusto-conical wall in the base wall of a
container body with little or no wrinkling of
the metal. The specially designed shapes
prevent wrinkling due to the stiffening effect
they create and thus control the metal flow
10 during the initial redraw until the lower body
radius and redraw radius are approximately
tangent. Then the tool profiles, gap and redraw
sleeve pressure combine to provide the necessaxy
control to complete the redraw cperation. The
15 metal in the annular wall of the boss is
reformed into the frusto-conical wall of the
redrawn cup without significantly displacing the
metal relative to the longitudinal axis.of the
cup so as to minimize any confining of the metal
20 into a smaller circumference that would cause it
to wrinkle. '
Forming by the method of this
invention makes it possible to use 0.203 to
0.305 mm (0.008 to 0.012 inch) thick 3004-H19
25 aluminum in making a 211 diameter can body with
little or no wrinkling of the profiled portions
of the end wall and with no reduction in
pressure holding capability. Substantially
wrinkle free 211 diameter can bodies have been
30 successfully formed with this invention with
0.254 mm (0.010 inch) gauge 3004-H19 to a 47 mm
(1.850 inch) base diameter. As used in the art,
base diameter means the diameter of a can body
at the bottom of annular supporting portion 28
35 (Figure 1). Prior attempts in the can making
industry to consistently produce 211 diameter

can bodies from less than 0.279 mm (0.011 inch)
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t hat does occur. Wile the invention has been described in terns of
‘preferred enbodi nents, the clains 30 appended hereto are intended to
enconpass all enbodi ments which fall within the spirit of the invention.

For exanple, the nmethod of this invention can include partially formng the
upwardly projecting dome in the bottomwall of 35 t he redrawn cont ai ner
prior to ironing of the sidewall of the fgn body. - 13- CLAI MS

thick 3004-H19 blanks, at similar base diameters
without wrinkles in the end wall, have been
unsuccessgful. .
While the invention has been developed
5 and is particularly useful in‘the manufacture of
211 diameter can bodies with a bottom profile
having a 47 mm (1.850 inch) base diameter, the
invention is also useful in the forming of
larger or smaller diameter can bodies with
10 proportiocnately larger or smaller base diameters
on their bottom profiles.

It is believed that the reduction or
elimination of wrinkling in the frusto-conical
wall 24 by the practice of. this invention also

15 reduced thinning of metal that can occur during
doming. Forming of the inwardly projecting dome
in the base profile requires some drawing of
metal inwardly over the projecting nose 54 of
the ironing punch to form the dome. Wrinkles in

20 the frusto-conical ﬁall 24 produce resistance to
such drawing, i.e., make it more difficult to
draw the metal inwardly, and can cause greater
localized elongation and thinning of the metal
in the dome portion 26. Thus, reducing

25 wrinkling also reduces undesirable thinning of
the metal, or makes more uniform any thinning
that does occur.

While the invention has been described
in terms of preferred embodiments, the claims

30 appended hereto are intended to encompass all

embodiments which fall within the spirit of the

invention. For example, the method of this

invention can include partially forming the

upwardly projecting dome in the bottom wall of

35 the redrawn container prior to ironing of the
sidewall of the can body.
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1. A nmethod of formng a netal container body conprising drawing a

netgl 1 8§98 ﬂ:{&g a sidewall and a base wall with an upwardly 5
promﬁrng—-éo&s—i n the base wall, said boss having a transverse wall and an

annul ar wall portion adjacent the sidewall of the cup, and reform ng said

base wall by rolling the netal in said annular wall upwardly wth respect

to said 10 transverse wall to forma generally frusto- conical annul ar

wal | portion between said transverse walB and said sidewall. 2. A

met hod according to claim1, which conprises: 15 drawi ng a

metal cup having a sidewall and a Bade®wa#Muhich includes a central wall
1. A method of forming a metal container

body comprising drawing a metal cup having a
sidewall and a base wall with an upwardly

5 projecting boss in the base wall, said boss
having a transverse wall and an annular wall
portion adjacent the sidewall of the cup, and
reforming said base wall by rolling the metal in
said annular wall upwardly with respect to said

10 transverse wall to form a generally frusto-
conical annular wall portion between said
transverse wall and said sidewall.

2. A method according to claim 1, which
comprises:

15 drawing a metal cup having a sidewall
and a base wall which includes a central wall
portion; an annular wall portion around said
central wall portion and an outer peripheral
wall portion; and

20 redrawing said metal cup to reform
said annular wall portion into a frusto-conical
wall portion between said central wall portion
and the sidewall of the redrawn cup.

3. A method as set forth in claim 2, in

25 which said central wall portion is reformed into
an upwardly projecting dome portion subsequent
to the redrawing of said cup.

4. A method according to claim 1, which
includes ironing of the sidewall of the redrawn

30 cup to form a can body.

5. A method according to claim 4, which

further includes forming an inwardly projecting

dome portion in the base wall of said can body.

6. A method according to claim 4,

35. comprisgsing forming a metal can body by:

drawing a cup having a sidewall and a

base wall with an inwardly projecting circular
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portion; an annular wall portion around said central wall portion and an
‘out er peripheral” wall ‘portion; and 20 redrawi ng said neta
cup to reformsaid annular wall portion into a frusto-conical wall portion
between said central wall portion and the sidewall of the redrawn cup. 3.

A nmethod as set forth in claim2, in 25 whi ch said central wall portion
Is reformed into an upwardly projecting done portion subsequent to the
redrawi ng of said cup. 4. A nethbd according to claim1, which

i ncl udes ironi n%osf t.he si.de\c%al |, of the re ram‘(ﬁfﬂrojt dja?cugnéotﬁgrma can
body. 5. RERt MO Tt AP 1B AHYNAF i
sidewall of the cup;
redrawing the cup to reduce its
diameter;

5 reforming said annulgr wall into a
frusto-conical wall portion extending downwardly
and inwardly from the sidewall to said base
wall; '

ironing said sidewall to reduce its
10 thickness; and
forming an upwardly projecting dome in
said base wall.
7. A method according to claim 6, whereby
said redrawing, ironing and forming of an
15 upwardly projecting dome are performed in a
single stroke of a punch.
8. A method according to claim 6, in
which said cup is drawn from an aluminum alloy
sheet material having a thickness of 0.305 mm
20 (0.012 inch) or less.
9. A metal container body formed by the
method of claim 3 or 6.
10. A metal container body as set forth in
claim 9, which includes an annular supporting
25 portion which connects said frusto-conical wall
portion and dome portion.
11. : A metal container body as set forth in
claim 10, in which said annular supporting
portion has a transverse diameter of
30 approximately 47 mm (1.850 inch).
12. A drawn cup which is adapted to be
redrawn and formed into a container body having
a sidewall and a base profile which includes an
upwardly projecting dome portion and a frusto-
35 conical wall portion connecting said dome
portion to said sidewall, said cup having a

sidewall and a bottom wall which has an inwardly
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further includes formng an inwardly projecting dome portion in the base
‘wal | of said can body." 6. A net hod according to claim4, -35
conprising formng a netal can body by: drawing a cup having a sidewall and
a base wall with an inwardly projecting circular - 14 - boss therein
havi ng an annul ar wal |l adjacent the sidewall of the cup; redrawi ng the cup
to reduce its dianeter; 5 1rseform'ng said annular wall into a

projecting round boss therein, said boss having
an annular sidewall with a diameter
approximately the same as the diameter of the
frusto-conical wall on the container body to be
5 formed from said drawn cup. '
13. A drawn cup as set f;rth in claim 12,
which includes an annular supporting portion
which connects said frusto-conical wall portion

and said dome portion.
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frusto-cenical wall portion extending downwardly and inwardly fromthe
‘'sidewal| to said base wall; ironing said sidewall. to reduce its 10

t hi ckness; and form ng an upwardly projecting done in said base wall. 7.

A met hod according to claim®6, whereby said redrawing, ironing and form ng
of an 15 upwardly projecting done are perfornmed in a single stroke of a
punch. 8. A nethod according to claim®6, in which said cup is drawn
froman alum num all oy sheet material ™h ng a thickness of 0.305 mm 20

(0.012 inch) or |esSympmyon oF FORMING A METAL CONTAINER BODY
ABSTRACT

A method of forming a metal container

body comprising drawing a metal cup (12) having
5 a sidewall and a base wall with an upwardly

projecting boss in the base w;il, said boss
having a transverse wall (14) and an annular
wall portion (15) adjacent the gidewall of the
cup (12), and reforming said base wall by

10 rolling the metal in said annular wall (15)
upwardly with respect to said transverse wall
(14) to form a generally frusto-conical annular
wall portion between said transverse wall (14)
and said sidewall.

FIGURE 8
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9. A netal container body fornmed by the nethod of claim3 or 6. 10.
A netal container body as set forth in claim9, which includes an annul ar
supporting 25 portion which connects said frusto-conical wall portion
and done portion. 11. A metal container body as set forth in claim
10, in which said annul ar supporting portion has a transverse di aneter of
30 approximately 47 mm (1. 850 inp@); 12. A drawn cup which is
adapted to be redrawn and fornmed into~a contai ner body having a sidewal l
and a base profile which includes an upwardly ptQjecting done portion and a
frusto- 35 coni cal wakl—periion connoctind ea d—domf= | G, | A '

e~ ”“ F1G.1B
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portion to said sidewall, said cup having a sidewall and a bottom wall

‘whi ch has an inwardly projecting round boss therein, said boss having an
annul ar sidewall with a dianmeter approximately the sanme as the dianeter of
the frusto-conical wall on the container body to be 5 formed from said
drawn cup. 13. A drawn cup as set forth in claim 12, which includes
an annul ar supporting portion which connects said frusto-conical wall
portion and said dome portion. -2-
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