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DEEP ‘DRAWING METHOD 

BACKGROUND OF THE INVENTION 

This invention relates to the deep drawing of metallic 
articles from sheet material. As ordinarily understood 
in the art, and as used in this specification, the phrase _ 
“deep draw” refers to a drawing operation wherein the 
depth of draw is greater than the'radius of the ‘part 
being formed. 
The production of manufactured articles by a .draw 

ing operation from sheet material is old and well known 
in the art. The equipment for .a ‘conventional deep 
drawing operation includes a vpress having a die plate, 
a hold-down ring, and a punch. The die plate includes 
a female cavity con?gured to‘form the external surface 
of the part desired. The hold~down ring or member is 
provided to press the sheet material against the die 
plate. As is well known ‘in the :art, ‘the hold-down ring 
restricts the material in the flange so that it does not 
wrinkle excessively as it is drawn into ‘the female die. 
The ?nal component, the male punch or ram is recipro 
cated by the press. 

In operation according ‘to conventional practice, the 
surface of the die plate and female cavity may be 
coated with a suitable lubricant. The ‘sheet material to 
be drawn is generally also coated with a lubricant. The 
sheet of ‘material is_ placed ‘over the ‘female cavity, and 
the hold-down put into position to‘ho'ldlthe sheet mate 
rial against thedie‘plate. It will of course ‘be understood 
that in ordinary practice, the hold-down ‘member will 
correspond in con?guration to the shapelof the female 
cavity. The male punch is reciprocated ‘todraw :the 
sheet material into the female cavity, thereby forming 
the finished part. 

Still according to conventional practice, there are 
three primary factors affecting a drawing operation. 
The first is the hold-down pressure. As‘previously indi 
cated, the hold-down serves to [keep ‘the material from , 
wrinkling as it isdrawn into the female cavity. Gener~ 
ally considered, the thinner the material, the propor 
tionately greater hold-.down‘ pressure required. Of 
course, a decrease in hold-down pressure will permit 
somewhat deeper drawing, but generally at the-expense 
of wrinkle formation. 
The second important ‘factor is lubrication. As just 

indicated, ample quantities of lubricant generally must 
be supplied to the sheet material and ‘the die plate. The 
type of lubricant and method of application, as known 
in the art, will signi?cantly affect the drawing opera 
tion. ‘ 

The third main ‘factor in drawability is size of the 
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blank. On the one hand, it will be apparent that the ‘ 
blank must be large enough to produce the part de 
sired. At ‘the same time, it is well recognized that the 
smaller the blank, the easier it is to draw. 
The importance of blank size is sometimes expressed 

in terms of the “draw ratio." In the case of a cylindrical 
part, this is equal to the diameter of the starting blank 
over the diameter of the cup being drawn. ‘Literature in 
the art at this time indicates that the maximum draw 
ratio range is from 1.611‘ to 2.3:]. 

All of the foregoing is well known and established in 
the art. Exhaustive data are availabletdescribing appro 
priate lubricants, hold-down pressures for various draw 
ratios, etc. None of this information, per se, .forms a 
part of this invention. 
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2 
‘ The art has also developed at ‘least two hydrome 

.chanical drawing or forming operations. One‘ of them, 
known as “hydro-mes” contemplates that the part to 
be produced ‘is formed by forcing a sheet of material ‘by 
means of a pressure-regulated hydraulic cushion 
againsta down-stroking drawing punch. In other words, 
the sheet of material to be formed :is placed over an hy 
draulic chamber. As the drawing punch descends, the 
pressure in the hydraulic chamber ‘is regulated by a 
suitable valve mechanism so that the controlled hy 
draulic cushion is effective to form. the material against 
the punch, thus taking on its exact shape. 
A somewhat similar process is known in the art as 

“hydroform.” This process contemplates a double act 
ing hydraulic press with an upper formingichamber and 
a lower hydraulic ram to actuate the punch. The con 
trolled fluid pressure‘ forming chamber contains hy 
draulic fluid which is isolated ‘from the part being 
formed‘by means of a ?exible diaphragm. The preseure 
within the chamber is programmed‘in relation to the 
speci?cpart being formed. ‘As the punch is moved up 
wardly, the pressure in regulated to form the part 
around the punch. ‘ ' 

‘The instant invention is directed to a method for 
deep drawing of metallic articles from sheet material. 
More speci?cally, it is an object'of this invention to I 
providea method for deep drawing which can achieve 
a‘ drawing ratio in excess of 2.5:]. 

It is a further object of this invention to‘provide a‘ 
method which will permit deep drawing of articlesfrorn 
sheet material utilizing ordinary grades of drawing steel 
as opposed to the more expensive extra deep ‘drawing 
steels. 

Still a‘further object of this invention is the provision 
of a deep drawing method which‘is readily-adaptable to 
‘utilization in ‘connection with conventionalequipment. 

‘Still another object of the invention is to provide a 
method for deep drawing which, while achieving "truly 
significant results, does not require costly machine al~ 
terations or additions. ‘ 

, SUMMARY OF THE INVENTION 

Broadly considered, the method of this invention re 
lates to the deep drawing of metallic articles from sheet 
material utilizing conventional press equipment. The 
invention contemplates the provision of a die plate hav 
ing a female cavity. This cavity is ?rst substantially fully 
?lled with a liquid'lubricant. The sheet'material is then 
placed over the cavity and held against the die plate so 
as to prevent wrinkling during drawing ‘by a suitable 
hold-down mechanism. A male punch then draws the 
sheet material into the cavity forcing the liquid out of 
the cavity between the underside of the sheet material 
and the die plate, thereby producing a ?nished part. 

DESCRIPTION OF THE DRAWING 

FIG. .1 is a schematicillustration showing the compo 
nents in the starting position. 
FIG. 2 is a schematic illustration similar to FIG. 1 

showingthe components shortly after the beginning of 
the drawing. 
FIG. 3 is a schematic illustration ‘showingthe compo 

nents at the completion of the draw.‘ 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

Referring ?rst to FIG. 1, the components utilized in 
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the practice of this invention have been schematically 
illustrated in the starting position. These components 
include a die plate indicated generally at 10. It will of 
course be understood that the die plate 10.will be sup 
ported on the base of a suitable press which is‘ not 
shown. The die plate 10 will be provided with a female 
cavity 12 which may be con?gured to the external 
shape of the ?nished article desired. It has been found 
possible to form some shapes using only the hydraulic 
pressure generated in the die cavity. In these instances, 
only that portion of the female cavity containing the 
draw radius need conform to the shape of the part 
being formed, with the remaining portion serving as a 
reservoir for the liquid lubricant. In the embodiment 
illustrated, the cavity 12 is con?gured to form a simple 
cup. 

In any case, the con?guration of the die cavity 12 and 
the punch 18 may conform in all respects to conven 
tional practice. That is, the draw radius 14 at the top 
of the cavity and any radius such as 16 at the bottom 
of the punch conform to conventional practice. Ordi 
narily, the radius 14 should be as great as possible to 
facilitate drawing, but cannot be too great because of 
the possibility of wrinkling due to unsupported metal 
being drawn into the cavity. Typically, the draw radius 
14 will approach but not exceed ten times the thickness 
of metal being drawn. 
The male punch is indicated at 18. This punch will of 

course be vertically reciprocated by a suitable press 
mechanism which is again not illustrated in ‘the draw 
ings. The clearance between the female cavity 12 and 
the male punch 18 should be determined in accordance 
with well known conventional practice. 
The radius 16 at the bottom of the punch 18 will vary 

with the forming limits of the material utilized in accor 
dance with conventional practice. 
The material hold-down is indicated schematically at 

20. The hold-down is con?gured to completely sur 
round the female cavity 12, and is urged downwardly 
against the die plate 10 by a suitable mechanism, not 
illustrated. In accordance with conventional practice, 
the inside edge of the hold-down should be disposed at 
least at the outside edge of the draw radius 14, and may 
extend inwardly‘ toward the punch. As is known in the 
art, the hold-down mechanism prevents wrinkling of 
the sheet material as it is drawn into the cavity 12. In 
accordance with conventional practice, the pressure 
exerted by the hold-down will vary with the thickness 
of material and depth of the article being drawn. As 
previously indicated, the interior edge of the hold 
down should be at the edge of the radius 14 so as to 
minimize the extent of unsupported metal being drawn 
into the female cavity 12. 
A suitable sheet of material being drawn is indicated 

at 22. For clarity of illustration, it will be observed that 
in the three Figures, the sheet 22 is‘ spaced slightly 
above the top surface of the die plate 10 and in contact 
with the bottom surface of the hold-down 20. It will of 
course be understood that in the starting position, the 
sheet of material 22 rests upon the top surface of the 
die plate 10, and is firmly held in that position by the 
hold-down 20. 

All of the components thus far described are conven 
tional and well known in the art. 
The essence of this invention resides in the surprising 

discovery that when utilizing this conventional equip 
ment, significantly larger draw ratios can be achieved 
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4 
by substantially ?lling the cavity 12 with a liquid 
lubricant. The liquid lubricant is indicated in the Fig 
ures at 24.’ It will be observed that the cavity 12 has 
been ?lled with liquid lubricant to a level approaching 
its top surface. 
The method of this invention contemplates the sub 

stantial ?lling of the cavity 12 with liquid lubricant 
prior to the placing of a sheet of material 22 in position 
over the cavity 12. The entire top and bottom surface 
of the sheet material 22 may be provided with a suit 
able lubricant in accordance with conventional prac~ 
tice. The hold~down 20 is actuated to firmly hold the 
sheet material 22 against the top surface of the die 
plate 10, and the drawing operation will proceed as in 
dicated schematically in FIGS. 2 and 3. The liquid 
lubricant 24 is of course substantially incompressible 
and con?ned by the cavity 12. Therefore, as the punch 
18 draws the sheet material 22 into the liquid lubricant 
?lled cavity 12, the liquid must go someplace. Actual 
tests have established that the liquid lubricant is forced 
between the side walls of the cavity 12 and the sheet 
material, and then outwardly between the top. surface 
of the die plate 10 and the bottom surface of the sheet 
material 22 as indicated by the arrows 25. This move~ 
ment of liquid lubricant along the path described. con 
tinues during the entiredrawing operation. There is a 
balance between the force of the punch and the liquid 
lubricant coming out of the cavity creating a hydraulic 
cushion between the sheet material and the die plate. 
The actual experimentation referred to above has 

successfully drawn a cup having a diameter of four 
inches from a ten inch square sheet of material. In 
other words, a drawing ratio of 2.5:1 has been success 
fully achieved with ordinary low carbon drawing qual 
ity sheet steel. With conventional drawing practice and 
using the same dies, the limiting drawing ratio was 
found to be 1.88:1 for the same material. 
The precise theory of operation of this invention is 

not fully understood. While not wishing to be bound by 
theory, applicant believes that the invention results in 
a continuous, forced lubrication between the top sur 
face of the die plate and the under surface of the mate 
rial being drawn. In addition, it will be observed in 
FIGS. 2 and 3 that the sheet material is not being 
formed by the radius 14 at the top of the die cavity. 
Rather, the metal is forced slightly upwardly by the 
pressure of liquid lubricant in the cavity 10 as the 
punch 18 moves downwardly. It is believed that this ac 
tion provides a liquid draw radius, and eliminates the 
metal to metal contact occasioned in prior practice. 

In keeping with the foregoing theory, the phrase “liq 
uid lubricant” is used in this speci?cation in terms of 
its effect rather than composition. In other words, in 
the case of a polished die and punch, water will provide 
a suitable forced lubrication. In the case ofnew tooling 
and for more severe ratios, it is desirable to add a small 
quantity of any water soluble lubricant to the water. 

It should also be apparent that the liquid, whatever 
its composition, cannot act as a lubricant until it is 
forced out of the die cavity. Therefore, the lower the 
level of liquid in the cavity, the more the sheet must be 
deformed before the forced lubrication takes effect. In 
the experimentation referred to earlier, 2.5:1 draw ra 
tios had been obtained with the liquid one-half inch 
below the top surface of the female cavity. When the 
liquid was one inch below the surface, the material 
failed before touching the liquid. Thus, it is desirable in 
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practice that the cavity be substantially ?lled with liq‘ 
uid lubricant in order to insure that the forced lubrica 
tion takes place as early in the draw as possible. 

It is fully within the scope of this invention to provide 
a suitable arrangement for containing the liquid forced 
out of the die cavity, and returning it to the cavity as 
the punch and part are withdrawn. By way of example, 
a sheet metal dike can easily be provided surrounding 
the hold-down. When the punch and part are with 
drawn from the die cavity, substantially all of the liquid 
will be returned to the cavity. 

It is believed that the foregoing constitutes a full and 
complete disclosure of this invention, and no limita 
tions are intended except insofar as set forth in the fol 
lowing claims. 
The embodiments of the invention in which an exclu 

sive property or privilege is claimed are de?ned as fol~ 
lows: 

1. In a method of deep drawing metallic articles from 
sheet material including the steps of providing a die 
having a top surface and a female cavity terminating at 
said top surface in a die radius, placing a sheet of mate 
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6 
rial over said cavity, holding said sheet of material 
against said die top surface whereby to restrict wrin 
kling of said sheet during drawing, and drawing said 
sheet of material into said cavity with a male die punch: 
the improvement comprising the steps of substantially 
?lling said cavity with a liquid lubricant prior to draw 
ing and continuously forcing liquid lubricant out of said 
cavity during drawing, all liquid lubricant forced out of 
said cavity being forced between said material being 
drawn and said die radius and die top surface in a direc 
tion opposite to the flow of said material being drawn. 

2. The method claimed in claim 1 wherein said liquid 
lubricant is forced out of said cavity by the entrance 
therein of said punch and said material being drawn. 

3. The method claimed in claim 1 wherein said liquid 
lubricant is water. 

4. The method claimed in claim 2 wherein said liquid 
lubricant is water. 

5. The method claimed in claim 4 wherein said water 
contains a small quantity of water soluble lubricant. 

* * * * *1 
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