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and this application Jan. 14, 1964, Ser. No. 347,083 

1 Claim. (Cl. 220—1) 

This is a division of application Serial No. 859,706, 
?led December 15, 1959, now Patent No. 3,147,724. 

This invention relates to thin walled metal shells and 
particularly to wrinkle-free shells of this character and to 
the production thereof from thin metal sheets. 
Thin walled metal shells are customarily formed by 

drawing processes from ?at sheet metal blanks, and in 
the drawing process the edges of the blank are clamped 
between a die face and a yieldingly pressed blank holder 
so that as the central portions of the blank are forced into 
the die cavity by a punch, the metal of the blank is 
drawn or stretched so there is a marked thinning of the 
metal as the drawing operation proceeds. The border 
portion of the blank that has been clamped during such 
a conventional drawing operation becomes a border ?ange 
about the upper edge of the side walls of the completed 
shell, and as a ?nal operation the ?ange is trimmed. 

It has long been recognized that drawing processes have 
an inherent tendency not only to objectionably stretch 
and thin the sheet but also to produce wrinkles in the 
sides and ?anges of the drawn shells, and while the art 
of producing drawn metal shells has been widely used and 
highly developed, the problem of eliminating wrinkles in 
the sides and ?anges of the ?nished shell has never been 
satisfactorily solved in respect to many forms of shells 
and in respect to many kinds and thicknesses of metal. 

It is, therefore, the primary object of this invention to 
provide a new and improved method of producing thin 
Walled metal shells from ?at sheet metal blanks, and an 
other and related object is to provide such a novel process 
which avoids stretching and thinning of the metal of the 
blank, and through the use of which wrinkle-free shells 
or containers may be produced from thin metal sheets 
such as aluminum foil. 
According to conventional drawing practice the sheet 

metal blank is put in position across a die cavity and is 
held in place against the die face by a yielding blank 
holder or pressure pad through which a punch is moved 
to engage the sheet and force the same into the die cavity, 
and as the punch enters the die, the border portion of the 
blank, that is held by yielding clamping pressure between 
the die face and the pressure pad, is drawn inwardly 
toward the drawing edge, as for example in the forma 
tion of a circular shell, or at the rounded corners of a 
rectangular shell, there must be a progressive reduction 
in the circumferential dimension of the diverging portions 
of the ?ange as they approach the drawing edge. In other 
words, each segmental portion of the border must become 
narrower as it approaches or is drawn inwardly toward the 
drawing edge, and this produces what may be termed cir 
cumferentially acting compressive forces in such border 
which tend to produce radially extending waves or 
wrinkles in the border portion of the blank. 
The tendency that thus exists in conventional drawing 

operations to produce radially extending waves in the bor 
der portion of the blank varies of course with the prop 
erties of the metal and with the thickness of the blank, 
but in any case, such radial waves _tend to increase in 
depth or amplitude as the operation progresses. Thus, 
where the depth of the waves progresses to a point such 
that the metal is stressed beyond its elastic limit, wrinkles 
are produced in the ?ange which must thereafter be ironed 
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out by the cooperation of the punch with the wall of the 
die cavity. The problem of ?ange wrinkles is encountered 
in the drawing of all different types of shells, but with 
respect to shells having taperedsides, further dif?culties 
are met because of the intermediate uncontrolled area 
presented in the blank between the drawing edge of the 
die and the working edge'of the usual forms of punch. 
The present invention is concerned with the elimination of 
both ?ange wrinkles and side wall wrinkles or puckers 
in shells of the kind usually produced by drawing, so as 
to enable smooth surfaces to be attained on both the side 
walls and the ?anges of thin walled shells formed from ?at 
sheet metal blanks. 
There are, of course,v instances in conventional sheet 

metal drawings where the tendency to produce waves or 
wrinkles in the ?ange is not particularly objectionable be 
cause of the nature of the metal or the relatively great 
thickness of the blank, but with the softer or more ductile 
metals, and with relatively thin blanks, this tendency to 
ward the formation of waves or wrinkles in the ?ange“ 
has provided one of the most dif?cult problems involved 
in the production of such sheet metal shells. The usual 
and generally accepted solution 'for correction of this 
problem is to add to or increase the pressure applied by 
the pressure pad to the border or ?ange portion of the 
blank.- This use of additional pressure on the border of 
the blank does not, however, provide a universal answer 
to the problem that is presented because, as the thickness 
of the blank is decreased, the amount of pressure that 
may be applied to the border tends to reach a point where 
the border is held or retarded to such an extent that exccs~ 
sive stresses are produced in the metalv and the blank is 
excessively thinned in the side wall or ?ange and tends to 
tear in the side wall portion or at the end edge of the 
punch where the maximum force is applied to the metal. 
This problem is even more serious where the shell is to be 
drawn from aluminum because the coefficient of friction 
of aluminum is much higher than that of the other metals 
that are conventionally used in drawing operations, and 
the ductility or plasticity of the metal is substantially 
greater. Thus, with respect to the drawing of shells from 
aluminum the usual expedient of increasing the pressure 
applied to the ?ange cannot be followed, and the pressure 
must in fact be reduced to such a point that in the pro 
duction of tapered wall pans and the like from aluminum 
foil, the resulting shell does not constitute a drawn shell, 
but is formed with wrinkles and folds in both the ?ange 
and the side. . 

The shells that are thus formed from extremely ‘thin 
aluminum sheets within the thickness range of .001 to 
.005 inch, which is normally classi?ed as foil, are in fact 
shaped by a process that involves intentional wrinkling 
and folding of the excess metal that is pulled inwardly 
from the border portion of the blank, and while such 
shells or containers are satisfactory for many purposes, 
they involve the use of metal in a wasteful manner and 
result in containers that cannot be properly cleaned in the 
removal of the contents thereof. Moreover, the wrinkles 
in the ?anges render it extremely difficult to seal a cover 
onto the container. 

In view of the foregoing it is a further object of the 
present invention to enable containers to be ‘made from ‘ 
metal foil with smooth surfaced side walls, and with 
border ?anges that have smooth surfaces to facilitate seal 
ing of the container. A more speci?c object of the pres 
ent invention is to enable foil containers to be made with 
smooth surfaced tapered side walls and smooth surfaced 
?anges, and a relatedv object is to enable this to be ac 
complished without tearing or otherwise rupturing metal 
foil from which the containers are ‘made. 

While the problem of tearing or rupturing the metal 
blank in conventional drawing operations has been dis 



3,250,419 
3 

cussed primarily as applied to extremely thin metal foil 
blanks, this same problem exists in thicker blanks of other 
metals including steel, and to guard against such tearing 
of the blanks, broad general rules are usually prescribed 
based upon or measured by the maximum percentage in 
diameter reduction that can be obtained in a blank in a 
single draw without danger of tearing the ‘blank. Thus 
where relatively deep drawn shells are made it is usually 
necessary to resort to a series of drawing operations. The 
present invention, however, is applicable also to thicker 
metal blanks and by the controlled metal working opera 
tion of the present invention, it has been found possible 
to radically increase the percentage of blank reduction 
over and above the normal rules or standards that have 
been established for conventional drawing operations. 
The foregoing objectives of the present invention are 

accomplished through a controlled working of the sheet 
metal blank in which all of the forces that are to be e?‘ec 
tive in producing metal ?ow are- applied to the blank by 
the forming punch and all resistive forces that are effec 
tive on the border of the blank and which oppose change 
of form of the blank are produced as resultants of the 
forces initially applied to the blank by the punch. Hence, 
the resulting stresses that tend to produce ‘metal ?ow in 
the blank are equalized and are limited to magnitudes just 
su?icient to ?ow the metal into its new form. 

Other and further objects of the present invention will 
be apparent from the following description and claim, 
and are illustrated in the accompanying drawings, which, 
by way of illustration, show a preferred embodiment of 
the present invention and the principles thereof, and what 
is now considered to be the best mode in which to apply 
these principles. Other embodiments of the invention em 
bodying the same or equivalent principles may be used 
and structural changes may be made as desired by those 
skilled in the art without departing from the invention. 

In the drawings: ‘ 
FIG. 1 .is a perspective view of a smooth wall, smooth 

?anged metal foil container that may be produced under 
the present invention; 

FIG. 2 is a sectional view taken along the line 2—2 of 
FIG. 1; 

FIG. 3 is a fragmentary plan view taken from the line 
3-——3 of FIG. 2; I 
FIG. 4 is a fragmentary and somewhat schematic ver 

tical sectional view taken through a die set and showing 
the blank at a greatly increased scale; 

FIG. 5 is a bottom perspective that fragmentally shows 
the relationship of the parts of the die set to the blank and 
to each other; 

FIG. 6 is a further enlarged portion of FIG. 4 show 
ing the relationship of the die and the cooperating gauge 
plate to each other and to the blank; 
FIG. 6A is a vertical sectional view taken substantial 

ly along the lines 6A-—6A of FIG. 6; 
FIG. 7 is a view similar to FIG. 6 showing the rela 

tionship of the blank to the die and gauge plate after the 
operation has caused thickening in the ?ange of the blank; 
FIG. 7A is a sectional view taken substantially along 

the line 7A-—~7A of FIG. 7; 
FIG. 8 is a diagrammatic view illustrating successive 

changes in the form of the blank as the operation 
- progresses; 

FIG. 9 is an outside elevational view of the side of the 
blank at the depth and in the form that has been assumed 
in the opposite portion of FIG. 8; 

FIG. 10 is an outside elevational' view of the side of the 
blank in the form that it has assumed in the portion of 
FIG. 8 that is opposite FIG. 10; and 

FIG. 11 is a greatly enlarged cross sectional view taken 
along the line 11——11 of FIG. 9. 

The die set 
For purposes of disclosure the invention is herein il 

lustrated in FIGS. 1 to 11, as applied to the production 
of a circular tapered wall container 20 that is made from 
aluminum foil as will be described in detail hereinafter. 
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4 
The container 20 is pan-like in form and has a bottom 
wall 120, a tapered side wall 220 and a horizontal ?ange 
320 at the upper edge of the side wall 220. Under the 
present invention, the container 20 is made with smooth 
surfaces on the side wall 220 and on the ?ange 320 so that 
the appearance of the container is improved as compared 
to prior foil containers of this form and so that smooth 
surfaces on the flange 326 lend themselves to the applica 
tion of a sealed covered member as is desirable in the pro 
duction of hermetically sealed food packages or con 
tainers. 
The smooth walled, smooth ?anged tapered container 

2!) is produced from metal foil through the use of a die set 
39 ‘of the inverted type having a die 31 disposed .‘opposite 
a cooperating punch 32, and about the punch 32 'a gauge 
plate 33 is provided which has a gauge face or surface 
33F disposed in opposed relation to the die face 31P of 
the die 31. The die 31 has a tapered die cavity 310 
which is connected with the die face by a rounded edge 
31E, and the punch 32 has tapered side surfaces 32T that 
merge with the end surface 32E of the punch through a 
rounded corner 32R. The tapered surface 32T, at its 
larger end, has a rounded surface 132R that is adapted for 
cooperation with the radius 31E as the punch reaches the 
end of its stroke. 
The gauge plate 33 is urged endwise on and with re 

spect to the punch 32 by resilient means of any conven 
t-ional kind such as expansive springs 34 so thatas the 
punch approaches the die cavity, the punch and the gauge 
plate 33 will travel together. 

The novel mode of operation 
The die set 30 as thus described necessarily resembles 

a conventional drawing die set, but in such a conventional 
drawing die set, the plate ‘33 would constitute a pressure 
pad and would engage the border portion of a ?at metal 
blank 40 so as to press and clamp the same against the 
die face SIP.’ Under the present invention, however, it 
should be noted that the function and operation of the 
gauge plate 33 with relation to the die 31 distinguishes in 
a major and important sense from prior practice so that 
a novel controlled metal ?ow is attained that prevents 
wrinkle formation in the shell as it is produced. 

Thus, under the present invention, the approaching 
movement of the gauge plate 33 with respect to the die 
face 31 is limited by stop means so that the relative 
approaching movement of the gauge plate33 is stopped 
in a ?nal working position such that no appreciable clamp 
ing force or pressure is exerted initially upon the inter 
posed border portion of the blank 40. Thus, as shown 
herein, the stop means that are thus effective to limit 
the approaching movement of the gauge plate 33 take 
the form of adjustable shims 42. These shims comprise 
brackets 4313 located on the die and the gauge plate 33 
with aligned vertical stop screws 43S extended there 
through, and the stop screws 438 of each pair of shims 
are arranged so that the ends of the stop screws 438 
will engage and thus terminate the relative approaching 
movement of the gauge plate 33. Several sets of shims 
42 are of course provided at spaced points about the 
outer edge of the die set. 
Under the present invention the resilient means which 

apply the pressure to the gauge plate 33 serve only to 
hold the gauge plate 33 in a stationary relation in its 
?nal working position as determined by stop means 42, 
and the resilient pressure applied to the gauge plate 33 
is selected so as to apply an excess amount of pressure 
to hold the gauge plate 33 in such position. The excess 
of pressure is such that forces created‘ by metal ?ow or 
deformation of ‘the blank between the die 31 and the 
gauge plate 33 in the course of the operation cannot 
cause separating movement of the gauge plate and the 
die. Thus the gauge plate 33 and the die face 31F 
do not function as a clamping or retarding means as in 
conventional metal drawing operations, but in contrast 
serve as a con?ning means or chamber of ?xed dimen 
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sions within which the border portion of the blank must 
undergo such metal ?ow or changes of form as may be 
necessary in response to the inward tension resulting from 
the action of the punch. 
Through the use of means which thus limit the ap 

proaching movement of the gauge plate and which hold 
the gauge plate stationary in the working position deter 

_ mined by the stop means, the present invention causes 
an entirely new cooperation of the parts of the die set 
with each other and with metal blank, and the net result 
of this new cooperative action in the illustrated example 
is the production of thin Walled shells or containers 20 
that have smooth tapered side walls and smooth surfaced 
?anges. The theory and manner of cooperation of the 
parts of the die set 30 is illustrated schematically in 
FIGS. 4 to 11 of the drawings. 

Thus,‘ in FIGS. 4 and 5, the thin metal foil blank 
40 is shown at a highly exaggerated scale in position 
with its border portions located between the die face 
31F and the gauge plate 33 and with the leading end 
of the punch 32 in engagement with the adjacent face of 
the ?at blank 40. The precise‘ relationship of the die 
face 311’ and the gauge face 33F to the blank 40 cannot 
be clearly shown in FIGS. 4 and 5, but in FIGS. 6 and 
7, this relationship has been shown at a further enlarged 
scale to illustrate the manner in which the control of 
the metal stress and flow is attained under the present 
invention. 

It has been pointed out hereinbefore that the approach 
ing movement of the gauge plate 33 is so limited by the 
stop means that in its ?nal working position, the gauge 
plate 33 exerts no appreciable force upon the border 
portion of the ?at blank, and it should be observed that 
the space between the gauge plate 33 and the die face 
31? in its ?nal relationship should approach as closely 
as possible to the actual thickness of the metal blank 40 
without applying initial pressure to the flat blank. Thus, 
in a theoretical sense, the ?nal spacing of the gauge‘ plate 
33 from the die face 31P might correspond precisely 
with the thickness of the metal blank, but as a practical 
matter, the thickness of the metal sheet material that is 
used in the production of such shells varies within certain 
relatively small tolerances and provision must be made 
to take care of such variations. Thus, as to metal foil, 
it is recognized that a tolerance of about ?ve percent 
must be expected for any particular rolled sheet, and in 
order to take care of plus tolerances, the stops or shims 
42 are set so that the ?nal spacing of the gauge plate 33 
from the die face 31P is about ?ve percent greater than 
the speci?ed or nominal thickness of the sheet metal 
that is to be used. 
The action of the apparatus under such a setting of 

the shims 42 will be discussed hereinafter, and to facili 
tate such discussion, attention is directed to the schematic 
illustration of FIG. 5. Thus, in FIG. 5, a fragmentary 
bottom perspective view has been shown wherein a pie 
shaped or segmental portion of the ?at blank 40 is dis 
posed between the die 31 and the gauge plate 33, and 
in FIG. 5 the punch 32 is shown at its initial point of 
engagement with the blank 40 opposite the die cavity. 
It will be apparent that when the punch 32 advances 
toward and into the die cavity from the position shown 
in FIG. 5, the material of the blank 4% that is located 
radially inwardly from the radius 31E will be moved 
into the die cavity, and the portion of the ‘blank 40 that 
is located between the radius 31B is drawn at an angle 
into the die cavity so as to have a radially inward force 
45 applied thereto as indicated in FIG. 5. This radially 
inward force 45 will of course tend to pull the ?ange or 
border portion of the blank in a radially inward direc 
tion, and in order for the ?ange portion to move radially 
inward it is necessary that the ?ange portion be com 
pressed in a circumferential direction. This circum 
ferential compression may be said to develop circumferen 
tially acting forces 46 in the ?ange areas as indicated 
in FIG. 5. As a result of such circumferential forces, 
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there is an initial tendency for the ?ange portion to form 
into radial waves to the extent that is permitted by the 
excess space between the die face 311’ and the gauge 
plate 33, and the space between the gauge plate 33 and 
the die face thus acts to limit the depth or amplitude of 
any such radial waves that do form, and serves to limit 
the thickness to which the ?ange portion of the blank 
may expand or thicken by metal ?ow as a result of the 
circumferential forces 46. The restrictive forces that 
thus limit the maximum thickness of the border portion 
are indicated at 47 in FIG. 5, and to maintain the desired 
maximum spacing of the die face and the gauge plate 
such forces must exceed the separating forces created by 
the thickening of the border portions of the blank. 

In FIGS. 6 and 6A, the blank 4% has been schematically 
illustrated at a greatly enlarged scale to show the ?nal 
or ?xed gauging position of the gauge plate 33 with 
relation to the die 31, and the illustration has been based 
on the assumption that the metal thickness that may be 
expected is to be within a tolerance of plus or minus ?ve 
percent. ' Thus, when the gauge plate 33 and the die-31 
have approached to the ?nal working position or relation 
determined by the stop means, there is a clearance of 
about .05T with respect to one of the surfaces of the 
blank, the thickness of the blank 40 being taken as 1.00T. 
In the event that the sheet metal used for the blank 40 
has been maintained at a smaller tolerance, the actual 
?nal spacing of the pressure pad from the die face may 
be correspondingly smaller. 

Thus, when the circumferential forces 46 are developed 
in the ?ange portion of the blank as indicated in FIG. 
6A, any radial waves 40W that may tend to form be 
tween the opposed faces of the die 31 and the gauge plate 
33 have their amplitude or depth limited by the space 
between the blank and the opposed face of the die, and 
such maximum amplitude or form of such wave 40W for 
a blank having a thickness of 1.00T is indicated by a 
dotted line in FIG. 6A. It is important to note that any 
tendency toward Waviness in the ?ange portion of the 
blank is thus limited to such an extent that the metal 
of the blank cannot be stressed beyond its elastic limit, 
even though such waves reach their maximum depth or 
amplitude as indicated in FIG. 6A, and hence, ‘in the 
subsequent working of the metal of the blank, these 
waves may be eliminated by ironing or compression to 
such an extent that they are not appreciably perceptible 
to the touch or sight. 
The slightly waved .condition that is represented in 

FIG. 6A by the dotted line showing of a potential radial 
wave in the border portion of the blank, is, however, 
corrected as the operation progresses, and this will be 
come apparent by a comparison of FIGS. 6A and 7A. 
Thus, as the inward pulling forces 45 cause continued 
inward radial displacement of the border portion of the 
blank, the circumferential forces 46 have the effect of 
causing the border portion of the blank to thicken by 
reason of metal ?ow so that before the operation has 
progressed to any marked extent the space between the 
gaugeplate 33 and the die face 31F becomes completely 
?lled by reason of such thickening of the blank. ‘This 
thickening apparently takes place initially at a radial 
point relatively close to the drawing radius 31E of the 
die, and progresses outwardly as the operation is con 
tinued so that throughout a substantial portion of the 
operation, the vertical space between the die 31 and the 
gauge plate 33 is completely ?lled by the metal of the 
blank. . 

The metal that is confined in the ?xed and accurately 
de?ned space between the die 31 and the gauge plate 33 
is thus pulled inwardly through what amounts to an 
annular drawing opening 4%, FIGS. 6 and 7, and the 
slight waves that may have been initially formed in the 
border portions of the blank are removed or eliminated 
by thickening of the metal which presses opposite faces 
of the blank against the surfaces 31? and 33P with such 
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force that smooth surfaces are formed on the metal of 
this border portion. The pressing of the faces of the 
blank against the die face 31 and the gauge plate 33 
serves of course to produce a frictional retarding action, 
but since such forces are created by metal flow in the 
blank itself, such retarding forces do not cause appre 
ciable stretching or thinning of the metal in the walls 
of the shell that is being formed. Near the radius 31E, 
the metal is smoothed to such a degree that the originally 
formed waves 40W are substantially imperceptible to 
the sight and are not perceptible to touch. Further out 
on the ?ange portion, these original waves 40W are also 
eliminated but appear to result in what might be termed 
draw lines that are in some instances visually perceptible 
but are practically imperceptible to the touch. 

Thus, when the metal of the blank moves inward over 
the radius 31E, it is substantially smooth surfaced and 
free of all wrinkles, but where a tapered wall container 
is being made, the uncontrolled annular area of the blank 
that is located between the radius 31E and the working 
edge 32R of the punch tends to assume a scalloped or 
puckered appearance as the drawing operation proceeds, 
but in this scalloped form, the scallops or puckers are 
relatively shallow and are of such a character that in 
the ?nal portion of the punch stroke, the scallops or 
puckers may be entirely eliminated so that the inner and 
outer surfaces of the side wall 220 are substantially 
smooth to the touch and sight. In FIGS. 8 to 11 the 
progressive changes in the form of the blank have been 
illustrated and notations have been made upon various 
steps of FIG. 8 to illustrate the size, position and rela 
tionship of the waves in the formation of a shallow pan 
having a ?nal bottom diameter of 71/2 inches, a depth 
of 11/2 inches and a side wall taper of substantially ten 
degrees, and the pan being formed from aluminum foil 
having a thickness of .004 inch. 

Thus in FIG. 8, and at the top thereof, the blank 40 
is illustrated in its ?at or original form. Immediately 
beneath the blank 40,v the form thereof is indicated at 
40A where the punch has progressed into the die cavity 
to a depth of 1/s inch. As this takes place, substantially 
uniform radial waves or scallops are formed in the un— 
controlled annular portion of the blank, and these scal 
lops are relatively shallow and at a spacing of from 
5/16 inch to % inch. In the border portion of the blank, 
the inward radial forces applied as at 46 in FIG. 5, have 
caused a slightly waved appearance to be assumed, these 
waves being in a radial relationship and being spaced 
at approximately 1/16 inch. In FIG. 8, the next step 
shows the blank at 40B where the punch has progressed 
to an 1/2 inch depth, and in this instance, the waves or 
scallops in the uncontrolled portion of the blank become 
somewhat deeper as indicated, and in the ?ange or border 
port-ion, the thickening of the metal has progressed to 
such an extent that the inner portion of the ?ange is sub 
stantially smooth while the waves in the outer portion 
thereof have been eliminated or ?attened to some extent 
by thickening of that portion of the blank. 
The blank is next shown in FIG. 8 at 40C in the form 

that it assumes when the punch has progressed to a depth 
of 5A; inch, and as indicated by the legends associated 
with the blank 40C the side Wall waves and the surfaces 
of the ?ange remain-substantially the same as herein 
before described with respect to the blank 403. 
The blank is next shown in FIG. 8 as indicated at 40D 

where the punch has progressed to a 1 inch depth, and 
in this instance, the entire surface of the bordering ?anges 
has become smooth although perceptible radial draw lines 
may be seen. In the side wall, the radial scallops or waves 
have assumed the form shown in FIGS. 9 and 11, FIG. 
11 being a horizontal sectional view at a greatly enlarged 
scale. It might be noted that these waves or scallops have 

I a depth of about 1/32 inch, and their spacing is in most 
instances about 5716 inch so that the depth is not more than 
one-tenth of the width of the wave or scallop. This rela 
tionship is such that the metal is not stressed beyond the 
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elastic limit, and ‘hence in the subsequent operation of the 
apparatus, the scallops or waves in the side wall may for 
all practical purposes be eliminated by the ironing and 
compressive action between punch and the die cavity. 
The blank is next shown in FIG. 8 at 4013 in the form 

_ that it assumes when the punch has progressed to a depth 
of 1% inches. At this stage in the operation, the ?ange 
remains substantially smooth, while the waves or scallops 
in the side wall take a somewhat different form or rela- ' 
tionship. Thus, by comparison‘of FIG. 10 with FIG. 9 
it will be noted that certain of the scallops or waves in 
the side wall have remained at substantially'the same form 
and size in which they appear in FIG. 9, but about every 
second or third one of the original scallops or waves has 
enlarged to a greater extent in an upward direction. At 
this point in the formation of the container, the side wall 
of the punch 32 is extremely close to the side wall scal 
lops or waves, and as the entry of the punch progresses, 
the blank assumes the form shown at 40F in FIG. 8. This 
view shows the form where the punch has progressed to 
a depth of 1716 inches, or in other words to a point where 
the punch is 1/16 inch away from its ?nal or home position. 
The ?ange portion of the blank, as shown at 49F, still 
remains in its smooth condition and the cooperation of 
the side of the punch with the side wall of the die cavity 
has substantially ?attened or ironed out the scallops or 
waves that have been shown in FIG. 10. Then, as the 
punch moves to its ?nal or home position, the side wall is 
further ironed so that it becomes substantially smooth to 
the touch and the sight, and in this ?nal movement, the 
bottom wall 120 of the shell may be embossed as at 140 
to produce the ?nal form of the container that has been 
indicated at 406 in FIG. 8. 
The present invention has been described particularly 

as applied to the production of shells in the form of shal 
low pans with tapered sides from thin metal foil such as 
aluminum foil, but it has been found that the broad prin 
ciples of the present invention have highly advantageous 
application to the production of cylindrical shells and to 
the production of shells vfrom other metals and from 
thicker blanks. Thus as applied to the making of shells 
in cylindrical form from steel blanks the invention has re 
sulted in the attainment of highly improved performance, 
particularly as to the percentage of diameter reduction 
that could be obtained. Thus where a 7% inch diameter 
blank was formed to a shell having 4% inches diameter 
in cylindrical form it was possible to obtain a diameter 
reduction of 36.2 percent without rupture of the blank. 
Using a 7% inch diameter blank and in making a shell 
with a diameter of 4-5/8 inches, it was possible to obtain a 
diameter reduction of 39.4 percent. In further work, 
with a blank having an 8 inch diameter was used in mak 
ing a shell with a diameter of 4-5/8 inches, and the blank 
diameter reduction was carried to 42.3 percent. This 
represents a radical increase over and above conventional 
drawing operation where the usual recommended diam 
eter reduction would be 32 percent. 

In other work on straight side wall containers of a 
somewhat smaller drawn diameter, even a greater percent 
age of blank diameter reduction was obtained. Thus us 
ing a steel blank of 41/2 inches outer diameter and a shell 
diameter of 2% inches, the usual recommendation as to 
the maximum diameter reduction possible in conventional 
drawing operations for a .015 material is 32 percent, but 
by application of the principles of the present invention, 
this diameter reduction was carried up to 47.3 percent 
without causing rupture of the blank. 
The present conclusion is that the principles of the pres 

ent invention are of greatest value in working with thin 
gauges of metal, but even where thicker metal sheets are 
employed, a marked improvement is attained by enabling 
deeper shells to be made without rupture of the metal. 
In the employment of the principles of the present inven 
tion, the stresses in the'blank tending to produce metal 
?ow are equalized and are applied in such a way as to 
limit these stresses to values just su?icient to produce the 
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metal flow required to produce the desired change of form 
of the blank. Moreover, the formation of waves in the 
?ange is so controlled as to prevent stressing of the metal 
beyond its elastic limit, and there is no thinning or folding 
of the metal of the blank. Hence, any tendency toward 
weakening or rupturing of the metal is minimized. 
From the foregoing description it will be apparent that . 

the present invention enables wrinkling of the metal in the 
formation of shells to be eliminated in such a way that 
more perfect shells are produced and the workability of 
the metal throughout the operation is preserved. It will 
also be evident that the present invention enables metal 
foil sheets to be formed into shells without the produc 
tion of objectionable wrinkles in the sides or ?anges 
thereof, and it will also be evident that the present inven 
tion enables lighter gauges of metal to be employed in 
shell making operations. 

It will also be apparent from the foregoing description 
that the present invention, through the elimination of fold 
ing or wrinkling in the making of metal foil dishes and 
pans, materially reduces the amount of material required, 
and because the ?anges are smooth and wrinkle-free, it is 
possible to seal such pans or containers to provide vacuum 
sealed or hermetically sealed packaging. 
Thus while we have illustrated and described a pre 

ferred embodiment of the invention, it is to be under 
stood that changes and variations may be made by those 
skilled in the art without departing from the spirit and 
scope of the appending claim. 
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We claim: ' 

A metal foil container formed from a sheet of alumi 
num foil of a thickness ranging between .001 and .005 
inch, said container having a bottom, a side wall inclined 
upwardly and outwardly from said bottom, a continuous 
?ange extending laterally about the upper end of said 
side wall disposed parallel with said bottom wall, said 
side wall and associated ?ange being smooth and sub 
stantially wrinkle-free, and said bottom, side wall and 
?ange portions being of a thickness throughout at least as 
great as the thickness of the sheet from which the con 
tainer is formed. 
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