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ABSTRACT OF THE DESCHOSURE 

Reinforcing ribs are produced on the side walls of a 
container during an ironing operation by plastic flow 
of metal of the side walls into circumferential grooves 
in the ironing punch. The container is stripped from the 
punch with radial expansion of the side walls. In multi 
ple-ring ironing, ribs formed by passage of a first ironing 
ring are moved out of the grooves in which formed, along 
the punch, and into other grooves, by passage of a second 
ironing ring which effects elongation and thickness re 
duction of the side walls. The ribs are received in the 
other grooves before being overtaken by the second iron 
ing ring, to prevent their destruction by the second ring. 
The reinforcing ribs produce a marked increase in buckling 
resistance with a minimal amount of material. 

BACKGROUND OF THE INVENTION 
The side walls of sanitary containers must have suf 

ficient resistance to buckling to withstand pressure dif 
ferentials established in packing food and other goods, 
and to withstand handling, packing and shipping. In the 
past, the necessary buckling resistance has been established 
in wall-ironed metal containers by any of a number of 
expedients, none of which is satisfactory. 
One prior technique is to increase overall side wall 

thickness, and is disadvantageous because it requires an 
excessive amount of material and is thus costly. A second 
expedient has been to deform the side walls to form beads, 
which are circumferential corrugations in the side walls. 
This is disadvantageous because beading is an extra step 
in the container-making process, and thus increases pro 
duction costs. Also, beading is objectionable because it 
alters the otherwise smooth, attractive appearance of the 
outside surface of the side walls, and can interfere with 
labeling. 
A third proposal has been to provide the ironing punch 

used to make the containers with a reduced-diameter 
portion tapering inwardly to the free end portion of the 
punch. This produces an increased-thickness portion in 
the side walls contiguous to the container end closure. 
The punch taper is located at the free end portion of the 
punch so that the thick side wall portions do not inter 
fere with punch extraction. This technique is disadvan 
tageous in that strengthening is confined to one end por 
tion of the side walls. The central portion is not strength 
ened, and the central portion is where strength is most 
needed because the can end closures serve to stiffen con 
tiguous side wall portions. 
Main objects of the invention are provision of im 

proved wall-ironed containers having increased buckling 
resistance, without increasing overall wall thickness, with 
out requiring an extra operation such as beading, and 
with a minimum use of material. 

Other objects and advantages of the invention will 
appear from the following detailed description which, in 
connection with the accompanying drawings, discloses 
two embodiments of the invention for purposes of illustra 
tion only and not for determination of the limits of the 
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invention. For defining the scope of the invention, refer 
ence will be made to the appended claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 
In the drawings, where similar reference characters 

denote similar elements throughout the several views: 
FIG. 1 schematically illustrates an early stage in forma 

tion of containers in accordance with one embodiment of 
the invention; 

FIG. 2 is a magnified detail view of the structure of 
FIG. 1; 

FIG. 3 depicts a later stage in the container-making 
Operation; 
F FIG. 4 is a magnified, detail view of the structure of 
IG. 3; 
FIG. 5 schematically illustrates a still later stage in 

the container-making operation; 
FIG.6 depicts a container body produced by the opera 

tions of FIGS. 1-5; 
FIG. 7 is a magnified detail view of the container body 

of FIG. 6; 
FiG. 8 Schematically illustrates formation of containers 

in accordance with another embodiment of the invention; 
FIG. 9 schematically illustrates a later stage in the 

operation of FIG. 8; and 
FIG. 10 is a magnified detail view of the structure of 

FIG. 9. 

DESCRIPTION OF THE ILLUSTRATED 
EMBODIMENTS 

In FIG. 1, a metal blank in the form of a cup having 
a circular cross section is generally indicated at 12. The 
cup has continuous side walls 14, which have opposite 
end portions generally indicated at 16, 18, respectively. A 
cup end closure 20 is unitary with side walls 14. Cup 10 
is made of metallic material, preferably tinplated steel, 
and can be produced by any suitable, conventional proce 
dure, e.g., deep drawing from a single piece of sheet stock. 
Cup 12 is positioned on a free end portion 22 of a cy 

lindrical ironing punch or stake 24. This positioning can 
be effected in any suitable, conventional manner, e.g., 
by inserting the punch in a preformed cup, or by forming 
the cup earlier in the ironing stroke. In any event, cup end 
closure 20 opposes punch free end surface 26. End por 
tion 18 of side walls 14 is contiguous to punch free end 
portion 22. 
Three grooves 28, 30, 32, are formed in series in the 

outer periphery of punch 24. The grooves are circum 
ferential, i.e., they extend in the direction of the circum 
ference of the punch. In the embodiment illustrated, 
grooves 28, 30, 32 are not only circumferential, but also 
extend completely around the punch perimeter, and are 
circular. The diameter of punch 24 is uniform along its 
length, except at the grooves, to the location where curved 
outer peripheral portion 27 of free end surface 26 tangen 
tially joins cylindrical outer peripheral punch surface 34. 
It is convenient to consider that a corresponding point of 
tangency divides cup side walls 14 from the cup end 
closure. 

Grooves 28, 30, 32 are spaced from one another along 
longitudinal axis 36 of punch 24, and are spaced axially 
from free end portion 22 of punch 24. The configurations 
of the grooves are identical, so description of one will im 
part understanding of all. 

Although the grooves are quite small, they are discrete, 
i.e., individually distinct (see FIG. 2). Groove 30 is deep 
est at its central portion, progressively increasing in depth 
from the edges toward the central portion. The central 
portion is defined by a cylindrical wall 38 which is spaced 
inwardly from and parallel to cylindrical punch surface 
34. The opposite sides of the groove are defined by slop 
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ing walls 40, 42 respectively, which incline from punch 
surface 34 to central wall 38 of groove 30. 

Punch 24 is adjacent an ironing die 44 (FIG. 1) hav 
ing a single ironing ring 46 and a backing ring 47. Ring 
46 includes an aperture 48 having a central axis coincident 
with punch axis 36, for passage of punch 24 through ring 
46. The diameter of aperture 48 is greater than the inside 
diameter of side walls 14, which corresponds to the punch 
diameter, so that the cup can pass through the ring. How 
ever, the diameter of aperture 48 is less than the outside 
diameter of side walls 14, so the side walls will be reduced 
in thickness by passage of the cup through the ring. 

Die 44 and punch 24 are operatively associated with a 
press (not shown) which can be of any type of conven 
tional design suitable to establish relative movement be 
tween the punch and ring along axis 36 to effect passage. 
of cup 12 on punch 24 through ring 46. Such passage can 
be effected by physically moving either or both of punch 
24 and ring 46. In the drawings, die 44 moves downward 
ly over punch 24. The punch includes a conventional strip 
ping device 50 for removing the cup from the punch after 
wall ironing. 
When cup 12 passes through ring 46 (FIGS. 3, 4) side 

walls 14 are reduced in thickness, and elongated, by plas 
tic metal flow forced by the ironing ring. Further, the 
passing of cup 12 through ring 46 forces metal of side 
walls 14 to flow plastically into each groove to form a 
reinforcing rib on the side walls at the location of each 
groove. Preferably, the metal fills the grooves. Thus, rein 
forcing ribs 52, 54, 56 are formed in grooves 28, 30, 32 
respectively. 
Because the grooves are located at a distance from 

free end portion 22 of punch 24, plastic flow of metal into 
the grooves is effected at a location spaced from the side 
wall end portion 18 which is contiguous to the free end 
portion of the punch. The grooves are spaced from free 
end portion 22 a distance less than the length of the ironed 
side walls, so the reinforcing ribs are formed by plastic 
metal flow at a location spaced from side wall end portion 
16. This will be more apparent from a consideration of 
FIG. 6, which depicts the cup after wall ironing is com 
pleted and the cup has been stripped from the punch. In 
FIG. 3, wall ironing is not completed, so full elongation 
of the side walls has not yet been effected and reinforcing 
rib 56 is closer to side wall end portion 16 than it will be 
at completion of ironing. 

Before the ironing operation was initiated (FIG. 1), 
groove 32, which molds rib 56, is actually below side wall 
end portion 16, outside the cup. At the ironing stage of 
FIG. 3, groove 32 is inside the cup and moving away from 
side wall end portion 16, due to the elongation of the side 
walls under the action of the ironing ring. At completion 
of ironing (FIG. 6), the reinforcing ribs 52, 54, 56 formed 
by the three grooves are clustered generally at the central 
portion of the length of ironed side walls 14. 

Appropriate location of the grooves produces reinforc 
ing ribs spaced away from end closure 20 and from side 
wall end portion 16, where side wall reinforcement is 
most needed and thus most effective. The location of the 
grooves can be readily determined from the amount of 
elongation to be effected on the side walls by any given 
ironing operation. The amount of elongation in turn de 
pends on the amount of thickness reduction to be effected 
on the side walls. 

During a late stage in the ironing stroke, a stiffening 
curvature is imparted to cup end closure 20 by pressing 
the end closure between punch 24 and a shaping die 58 
(FIG. 3). This can be effected in any suitable, conven 
tional manner involving movement of punch 24 and/or 
die 58 to press the end closure between them. In FIG. 3, 
die 58 moves downwardly against punch 24. Die surface 
60 conforms to the curvature of punch end surface 26, 
so that end closure 20 is formed to the stiffened profile 
which is shown in FIG. 6 and includes a circular corru 
gation 62. 
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4. 
After completion of the ironing operation, relative 

movement is effected between stripper 50 (FIG. 5) and 
annular body portion 68 of punch 24 along the punch axis 
to strip the ironed cup from the punch. In the drawings, 
stripper 50 is moved upwardly relative to body portion 68. 
Stripper head 66, which engaged end closure 20 during 
deformation of the end closure, applies to the end clo 
sure axially directed forces tending to effect separation 
of cup 12 from annular body portion 68. Such forces, 
applied through stripper shaft 64, are of magnitudes to 
overcome the forces tending to retain the cup on body 
portion 68. The latter forces include forces established by 
the interlocking of the reinforcing ribs with the grooves 
of the punch. Because of this interlocking, the ironed side 
walls must undergo expansion radially outwardly from 
the punch axis before the cup can be stripped from the 
punch. The axially directed forces applied to end closure 
20 effect such expansion by forcing the ribs to ride up out 
of the grooves and along the punch. The inclination of 
the side walls of the grooves facilitate the movement of 
the ribs up out and over the grooves by providing a gra 
dual transition zone, and further aid stripping by trans 
lating a component of the axially directed separating 
forces into radially outwardly directed forces tending to 
expand the cup side walls. Such expansion as is undergone 
by the side walls includes expansion within the elastic 
limit of the metal and, depending on such factors as rib 
thickness, can include a limited amount of plastic expan 
sion, particularly at the rib sites. In the stripping opera 
tion, the relative movement of the parts is effected over a 
distance to completely extract annular body portion 68 
from cup 12. This is followed by extraction of stripper 
50, which is retracted so that stripper head 66 engages 
annular body portion 68 as shown in FIG. 1. 
The side walls 4 of the ironed cup 12, which can now 

be termed a container body, have a cylindrical outside 
surface 70 (FIG. 6). Side walls 14 also have a cylindrical 
inside surface 72 from which reinforcing ribs 52, 54, 56 
project into the interior of the container body at spaced 
locations along inside surface 72, interrupting an other 
wise continuous surface 72. The ribs, having been formed 
by plastic flow of metal of the side walls, are unitary with 
the side walls. As a result of the wall ironing and plastic 
metal flow, the metal of the side walls, including the 
reinforcing ribs, is cold worked. Having been molded by 
the grooves, the reinforcing ribs are complementary in 
shape to the grooves and are identical in configuration, 
So a description of one will impart understanding of all. 

Reinforcing rib 54 (FIG. 7) has a cylindrical central 
surface 74 which is spaced inwardly from and is parallel 
to inside surface 72 of side walls 14. Rib 54 has frusto 
conical, sloping surfaces 76, 78, which are respectively 
located on opposite sides of central surface 74, and are 
inclined from inside surface 72 to central rib surface 74. 
The sloping or wedging surfaces 76, 78 facilitate the strip 
ping operation by translating axially directed stripping 
forces into radially directed forces tending to cause ex 
pansion of the side walls, and by providing gradual 
transition regions which assist rib 54 to ride up out of the 
groove, coacting in these respects with the sloping side 
walls 40, 42 of groove 30. 

Outside surface 70 of container body 12 is parallel to 
inside surface 72 all along the length of side walls 14 
(FIG. 6). This is a result of cylindrical punch 24 having 
its outer peripheral surface normal to the plane of the 
ironing ring. Since the punch is cylindrical and has a 
diameter which is uniform at all locations displaced from 
the grooves, side walls 14 were reduced by the wall iron 
ing to a thickness which is uniform from end to end of 
the side walls at locations displaced from the ribs. Thus, 
the ribs are separated from one another and from the 
ends of the side walls by wall portions of a uniform thick 
ness which is less than the thickness of the ribs. This pro 
vides for maximum economy of material in the walls, and 
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as will appear, containers in accordance with the inven 
tion combine such economy with remarkably increased 
resistance to buckling. 

Since the amount of thickness reduction and elongation 
that can be effected by one ironing ring is limited, it is 
usually necessary to pass a cup through a plurality of 
ironing rings to obtain a container body of desired length. 
FIGS. 8-10 depict a multiple-ring ironing operation in 
accordance with the invention. In FIGS. 8-10 primed 
reference characters denote elements which are similar 
to corresponding elements discussed hereinabove except 
in particulars to be described. 

In FIG. 8, side walls 14 of cup 12 have been ironed 
on punch 24' by ring 46' in accordance with the procedure 
discussed in connection with FIGS. 1-7. Punch 24' in 
cludes four grooves 28, 30', 32 and 80, the latter of 
which is identical in configuration to the others. Four 
reinforcing ribs 52, 54, 56 and 82 were formed by 
plastic flow of metal of side walls 14 into grooves 28, 
30', 32, and 80, respectively, with reduction in side wall 
thickness by passage of cup 12 through ring 46'. 

Ironing die 44 includes a second ironing ring 84 which 
is spaced axially from first ironing ring 46', and is backed 
by a ring 86 which is similar to backing ring 47. Ironing 
ring 84 includes a circular aperture 88 having an axis 
coincident with the axis of aperture 48' in ring 46'. The 
diameter of aperture 88 is slightly smaller than the outside 
diameter of cup 12' as ironed by ring 46', to further re 
duce in thickness and elongate side walls 14 on passage 
of cup 12' through ironing ring 84. Passage of cup 12' 
through ring 84 is effected later in the same stroke of die 
44' as effects passage of cup 12' through first ironing 
ring 46. 
As side walls 14 elongate under the action of second 

ironing ring 84, the reinforcing ribs move out of the re 
spective grooves in which they were formed and along 
punch 24. The ribs move ahead of ring 84 with the elon 
gating side walls, as shown in FIG. 8. To prevent their 
destruction by second ironing ring 84, three of the four 
originally-formed reinforcing ribs are relocated in other 
grooves before being overtaken by the second ironing 
ring. Thus, rib 52' moves from groove 28' into groove 30', 
rib 54 moves from groove 30' to groove 32', and rib 56' 
moves from groove 32' into groove 80. Fourth rib 82, 
which was formed in groove 80 by passage of ring 46, 
is wiped out, or substantially so, against outer peripheral 
surface 34’ of punch 24 when rib 82 is overtaken by sec 
ond ironing ring 84. Rib 82 can be saved if desired by 
provision of a fifth groove at a location on punch 24 
appropriate to receive the rib before it is overtaken by 
ironing ring 84. 
Second ironing ring 84 plastically flows metal of side 

walls 14 into uppermost groove 28' to form a reinforc 
ing rib 90, so that after passage of ring 84, side walls 14 
still have four reinforcing ribs. Depending upon the thick 
ness reduction taken by the second ironing ring in rela 
tion to the depth of the grooves, the thickness of rein 
forcing rib 90 may not be as great as that of the earlier 
formed ribs, which are protected from thickness reduction 
by ironing ring 84 by virtue of being received in other 
grooves when passed over by the second ironing ring. This 
is not to say that the first-formed ribs cannot be reduced 
in thickness to some extent while received in the grooves, 
but whether or not such reduction is effected depends on 
the groove depth and other parameters of a given ironing 
operation. In this connection, it should be noted that 
passage of the first ring need not fill the grooves. It can 
be left for the later ironing ring or rings to complete the 
filling of the grooves. 

It is thus apparent that, in plural-ring ironing, the 
amount of elongation under the second ironing ring is a 
factor which governs groove location, in addition to those 
factors discussed in connection with FIGS. 1-7 which are 
required to assure that plastic metal flow is effected at 
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6 
locations to produce reinforcing ribs spaced from the op 
posite end portions of the side walls where most needed. 
Strategic location of the grooves on punch 24" makes it 
possible to move the first-formed reinforcing ribs along 
the punch from one groove into another. The groove loca 
tions can be determined from the extent of thickness re 
duction to be taken by the second ironing ring, volume 
of metal, and other variables which depend upon the size 
of container to be produced. Rib thickness and spacing 
can vary greatly relative to and with the size of the con 
tainer. However, to obtain the maximum benefits of the 
invention in terms of material economy, the ribs should 
be as small as possible, and spaced apart as far as possible, 
in consonance with minimum strength requirements for 
any given container. FIGS. 9-10 provide illustrative values 
(in inches) of groove and rib dimensions and locations 
for production of a 303 X 406 container body from a steel 
cup having a uniform side wall and end closure thick 
ness of .0130', with a first ironing ring reducing the side 
wall thickness to .0097', and a second ring to .0062'. 
Under such operating conditions, although all grooves 
are of identical dimensions, top rib 90 will have a thick 
ness of .0097' (including the elsewhere-uniform wall 
thickness of .0062') instead of .0130', because the second 
thickness reduction is insufficient for side wall metal to 
completely fill groove 28' on passage of second ironing 
ring 84. The other ribs have dimensions corresponding to 
the grooves, since the grooves are completely filled. Slop 
ing walls 76, 78' of rib 54 (FIG. 10) incline at an angle 
of 24 from side wall surface 72' to central rib surface 
74. Other wedge angles can be used. 

After completion of passage of cup 12 through second 
ironing ring 84, the cup is stripped from punch 24 in the 
fashion discussed hereinabove in connection with FIG. 5. 
The Stripped cup can be edge-trimmed, filled, and lock 
seamed to an end closure in any suitable, conventional 
ae. 

Containers with reinforcing ribs made in accordance 
with the invention combine remarkably increased strength 
against buckling with minimal additional material usage. 
For example, a 303 X 406 wall-ironed steel container with 
the body having four reinforcing ribs described in con 
nection with FIGS. 8-10 resists buckling until pressure 
externally of the can is 19.8 p.s. i. in excess of the internal 
pressure. This level of buckling resistance is entirely satis 
factory. In contrast, a can identical thereto except for 
absence of the reinforcing ribs buckles at an external 
pressure 12.5 p.s. i. in excess of internal pressure. This 
level of buckling resistance is unsatisfactory. The four 
reinforcing ribs produce a surprising 58% increase in 
buckling strength, and do so with minimal additional 
material. The axial width of each reinforcing rib is only 
about one thirty-fifth of the container length. 

Reinforcing ribs made during wall ironing in accord 
ance with the invention provide great rigidity against 
buckling. Marked increases in resistance to buckling are 
obtained without increasing overall wall thickness, with 
out resort to an additional operation such as beading, 
and with reinforcement of the container side walls where 
the need is greatest. Further, these achievements have been 
effected with maximum material economy. The extent of 
material economy will be more fully appreciated when the 
material savings in one container are multiplied by the 
millions of sanitary containers employed to protect and 
preserve food and other goods. 
Although the invention has been described in connec 

tion with two embodiments, modifications of the illus 
trated embodiments can be made. Such modifications are 
Within the scope of the invention as defined by the ap 
pended claims. 
We claim: 
1. Process for making a wall-ironed metal container, 

comprising 
providing a metal cup on a free end portion of an iron 

ing punch, - 
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the cup including side walls having an end portion 
contiguous to the free end portion of the punch, 

the punch including a discrete circumferential groove 
spaced from the free end portion, 

elongating the side walls and reducing the side walls in 
thickness by passing the cup through at least one 
ironing ring, 

plastically flowing metal of the side walls into the 
groove at a location spaced from the end portion of 
the side walls to form a reinforcing rib by the pass 
ing of the cup through each ironing ring, and 

stripping the cup from the punch. 
2. The process of claim 1, 
the side walls having a second end portion opposite the 

first-named end portion, and 
the metal of the side walls being plastically flowed into 

the groove at a location spaced from the second end 
portion of the side walls. 

3. The process of claim 2, 
the side walls being reduced to a thickness which is 

uniform on opposite sides of the groove. 
4. The process of claim 2, 
the punch including a plurality of spaced-apart discrete 

circumferential grooves spaced from the free end 
portion, and 

metal of the side walls being plastically flowed into 
each groove at a location spaced from the second 
end portion of the side walls. 

5. The process of claim 4, 
the side walls being reduced to a thickness which is 

uniform from the first-named end portion to the sec 
ond end portion of the side walls at locations dis 
placed from each groove. 

6. Process for making a wall-ironed metal container, 
comprising 

providing a metal cup on an ironing punch, 
the cup including side walls and the punch including a 

groove, 
plastically flowing metal of the side walls into the 

groove to form a reinforcing rib while reducing the 
side walls in thickness by passing the cup through a 
first of a plurality of ironing rings, 

elongating the side walls and further reducing the side 
walls in thickness while moving the reinforcing rib 
from the groove along the punch by passing the cup 
through a second of the plurality of ironing rings, 
and 

Stripping the cup from the punch. 
7. The process of claim 6, 
the punch including a plurality of spaced-apart 

grooves, 
the reinforcing rib being moved from the first-named 

groove along the punch into another groove by the 
passing of the cup through the second ironing ring. 

8. The process of claim 7, the side walls having op 
posite end portions, and 

the metal of the side walls being plastically flowed into 
the first-named groove at a location spaced from the 
end portions of the side walls. 

9. The process of claim 7, 
metal of the side walls being plastically flowed into a 

pluralism of the grooves to form a pluralism of re 
inforcing ribs by the passing of the cup through the 
first ironing ring, and 

each of a plurality of the reinforcing ribs being moved 
along the punch from one groove into another 
groove by the passing of the cup through the sec 
ond ironing ring. 

10. The process of claim 9, 
the side walls having opposite end portions, and 
the metal of the side walls being plastically flowed into 

each groove at a location spaced from the end por 
tions of the side walls. 

1. The process of claim 9, 
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8 
each of the pluralism of the grooves being discrete and 

circumferential, and 
the metal of the side walls being plastically flowed into 

the pluralism of the grooves to form a pluralism of 
discrete circumferential reinforcing ribs by the pass 
ing of the cup through the first ironing ring. 

12. The process of claim 7, 
the side walls having opposite end portions and being 

reduced to a thickness which is uniform from one 
end portion to the other end portion at locations dis 
placed from each groove by the passing of the cup 
through the second ironing ring. 

13. The process of claim 7, including 
radially expanding the side walls by stripping the cup 
from the punch. 

14. The process of claim 7, 
the side walls being cold worked by the passing of the 

cup through the ironing rings. 
15. Apparatus for making a wall-ironed metal con 

tainer, comprising 
an ironing punch having a peripheral surface, a cen 

tral axis, a free end portion, and a discrete circum 
ferential groove spaced from the free end portion, 

the punch being shaped for reception in a metal cup 
having side walls, and 

at least one ironing ring, 
each ironing ring including walls defining an aper 

ture having a central axis, 
the axes of the punch and the aperture being coinci 

dent for passage of the punch through the ironing 
ring, 

the punch and the aperture having dimensions for pas 
sage of the punch through the aperture with clear 
ance between the punch and the walls of the aper 
ture around the peripheral surface of the punch, 

the clearance being less than the thickness of the cup 
side walls for elongation of the cup side walls and 
for reduction of the cup side walls in thickness upon 
passage of the punch through the ironing ring. 

16. The apparatus of claim 15, 
the groove being spaced from the free end portion a 

distance less than the container length. 
7. The apparatus of claim 15, 

the punch diameter being uniform at locations dis 
placed from the groove. 

18. The apparatus of claim 15, 
the punch including a plurality of spaced-apart discrete 

circumferential grooves spaced from the free end 
portion. 

19. The apparatus of claim 18, 
a plurality of the grooves being spaced from the free 

end portion a distance less than the container length. 
20. The apparatus of claim 18, 
the punch diameter being uniform at locations dis 

placed from each groove. 
21. Apparatus for making a wall-ironed metal con 

tainer, comprising 
an ironing punch having a longitudinal axis and a free 

end portion and a discrete circumferential groove 
spaced from the free end portion, and 

an ironing die including an ironing ring having an aper 
ture including a central axis, 

the axes of the punch and the aperture being coinci 
dent for passage of the punch through the ring, 

the punch including a plurality of spaced-apart discrete 
circumferential grooves spaced from the free end 
portion, 

the ironing die including a second ironing ring spaced 
axially from the first-named ironing ring and having 
an aperture including a central axis coincident with 
the axis of the first-named aperture, 

22. The apparatus of claim 15, 
the groove having a central portion and progressively 

increasing in depth toward the eentral portion, 
23. The apparatus of claim 15, 
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the groove having a central wall parallel to the periph 

eral surface of the punch and having a pair of slop 
ing walls, and 

the sloping walls being located on opposite sides of the 
central wall and inclining from the peripheral Sur 
face of the punch to the central wall of the groove. 

24. The apparatus of claim 15, 
the groove being circular. 
25. The process of claim 1, 
the side walls being cold worked by the passing of the 

cup through each ironing ring. 
26. The process of claim 1, 
the metal comprising steel. 
27. The process of claim 1, 
the cup being passed through a single ironing ring. 
28. The process of claim 1, 
the cup being passed through a plurality of ironing 

rings. 
29. The process of claim 28, 
the plurality of ironing rings consisting of two ironing 

ringS. 
30. The process of claim 6, including 
plastically flowing further metal of the side walls into 

the groove to form another reinforcing rib by the 
passing of the cup through the second ironing ring. 

31. The process of claim 7, including 
plastically flowing further metal of the side walls into 

the first-named groove to form another reinforcing 
rib by the passing of the cup through the second 
ironing ring. 

32. The process of claim 7, 
the cup metal comprising steel. 
33. The process of claim 7, 
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20 

30 

10 
the plurality of ironing rings consisting of two ironing 

rings. w 

34. The apparatus of claim 15, including 
a single ironing ring. 
35. The apparatus of claim 15, including 
a plurality of ironing rings. 
36. The apparatus of claim 35, 
the plurality of ironing rings consisting of two ironing 

rings. 
37. The apparatus of claim 35, 
the ironing rings being axially spaced from one an 

other. 
38. The apparatus of claim 21, 
the first-named and the second ironing rings constitut 

ing the sole ironing rings. 
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