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My invention relates to the- art of drawing and 
forming sheet metal into forms by a series of 
forming operations without removing the piece 
being formed from the drawing and forming 
means. ' 

This application is a continuation in part of my 
co’—pending application Serial No. 68,904, ?led 
March 14, 1936, and entitled Apparatus for and 
method of forming sheet metal forms. 
The forming of sheet metal in various forms 

by the pressure‘ against a sheet of metal by a 
multiple telescoping die,‘ is not new. Such an 
arrangement is suggested in the patent ‘to Schim 
melbusch No, 783,390. In my Patent No, 1,919,287, 
of July 25, 1933, mechanism is illustrated which 
also operates on the above-noted principle. My 
invention relates to improvements in such form 
ing mechanism in which the tendencies of the 
metal sheet to buckle and ?ow unevenly are 
avoided. 
In the forming of sheet metal in mechanism 

such as that to which my invention relates, the' . 
pressure of a die is applied against the sheet 
which forces the metal into a female die or mold. 
If the sheet is held with a ?xed clamping action, 
the di?iculty of adjusting the tension makes it 
likely that the sheet is either held too ?rmly, in 

_ which event the metal actually contacted by the 
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die will be drawn out too thin, or if the sheet 
is not held ?rmly enough, the complete sheet will 
be pressed, without sufficient drawing of the 
metal into the female mould, and with the metal , 
?owing unevenly, so that a subsequent forming 
operation cannot be successfully carried out. 

I have found that there must be a balanced 
clamping force which holds back the metal of 
the sheet su?iciently to cause an even'?owing of 
the metal during the successive forming opera 
tions. ‘ 

It is an object of my invention to provide a 
drawing and forming mechanism in which the 
metal sheet is pressed in one direction, while the 
various parts constituting the forming device 
automatically adjust themselves in proper re 

' .lation to the movements necessary to complete 
the forming operation, in which the frictional 
retarding action on the sheet ‘being formed is 
pneumatically controlled. 
Because of the pneumatic control of the fric 

tional sheet holding devices, I am' enabled to 
draw and form metal forms in which the action 
of the male forming die and the female die is a 
direct reciprocating action, without any relative 
rotative movement of the various parts OI the 
dies with relation one to another. 

(Cl. 113-45) 
In my Patent No. 1,919,287, there is disclosed 

a forming mechanism for sheet metal forms hav 
ing telescoping rotative parts which act in se 
quence and position themselves so as to permit 
the formation of the objectsformedw in sequential 
operations without removing the piece from the 
forming device until it has been completely 
formed. While such mechanism is effective, the 
movement of the parts of the male die mechanism 
requires a worm actuating drive. In my present 
invention, a straight reciprocating movement, 
such as can be brought about in an ordinary toggle 
press, replaces the old worm drive action, and 
this permits much greater speed of operation. 
Further, the pneumatic frictional holding back of 
the metal sheet permits su?icient slippage to 
cause the metal to flow evenly. 
Because of the pneumatic control of the fric 

tional holding of the metal plate during ‘the form 
ing operation, a greater adjustability controlling 
the ?ow of the metal is permitted, simply by a 
variation in the air pressure with which the fric 
tion clamping plates are actuated. 
The above objects and other objects to which 

reference will be made in the ensuing disclosure, 
I accomplish by‘ that certain combination and 
arrangement of parts of which I have illustrated 
a preferred embodiment. 
Referring to the drawings: 
Figure 1 is a vertical sectional view with some 

parts diagrammatically indicated, of the forming 
apparatus mounted on a toggle press. 

Fig. 2 is a bottom plan view of a portion of one 
of the latching devices illustrated in Fig, 1. 

Fig,‘ 3 is a sectional view of the parts of the 
mechanism, after the ?rst stage of the forming 
operation. ‘ 

Fig. 4 is a vertical sectional view of the parts 
after the third stage of the forming operation. 

Fig. 5 is a bottom plan view of the male die as 
sembly illustrated in Fig. 1, taken from the posi 
tion indicated by the arrows 5, 5. \ 

Fig. 6 is a perspective view of a sheet metal 
plate after the ?rst forming operation. 

Fig. 7 is a perspective view of the sheet metal 
plate after the second forming operation. 

Fig. 8 is a perspective view of a sheet metal 
form after the third forming operation. 

Fig. 9 isa perspective view of the ?nal form 
of the sheet metal object. - 

Fig. 10 is a vertical sectional view of a slightly 
modi?ed form of apparatus showing details from 
which the plan of operation will be readily under 
stood. ‘ . 
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2 
Fig. 11 is a detail view of the cam track shown 

in Fig. 10. 
Fig. 12 is a horizontal sectional view of the 

valves employed in the apparatus shown in Fig. 
10. 

- Fig. 13 is a horizontal sectional view of the 
valve shown in Fig. 12 in open position.‘ 
Referring to the drawings, the upper head of 

the press is indicated as a platen |, secured to the 
actuating parts of the press by means of bolts 2. 
The female die elements are mounted on the 
lower platen or base plate 3 of the press. 
The female die 4, illustrated in Fig. 1, is se 

cured to the base plate 3 by means of bolts 5. 
The shape of the female die is as indicated. The 
?rst stage opening has inwardly curving walls 6, 
and a downwardly extending annular wall ‘I. 
An inwardly beveled annular ‘portion 8‘ con 

nects with the second stage die opening, which 
has a downwardly depending annular wall 9. An 
other inwardly inclining ledge |0 forms a con 
tinuous wall with the third stage female die open 
ing | |. Still another inwardly inclined ledge l2 
connects the wall || continuously with the ?nal 
stage female die opening I 3, in which the ?nal 
shape of the drawn and formed article is ac 
complished. 
An opening ‘M in the base plate 3 permits the 

upward passage of the ejector ram |5, which, 
after the article is formed. ejects it upwardly and 
outwardly from the female die. 
Extending upwardly from and threaded into 

the die 4, is the latch guide bar l6. Further 
mounted ,on the base plate is the bracket H, 
which carries the cam track member l8, which, 
at proper intervals in the drawing and forming 
operation, cuts o? the air from the frictional 
clamping plates. 
The upper platen | carries a head l9, having a 

cylindrical inner wall 20. Within the cylinder 
20 are the cylinder heads 2|, 22 and 23. The cyl 
inder heads retain compression within the cylin 
der because of annular washers 2|a, 22a and 23a. 
held in position by annular rings 2|b, 22b, and 
23b. The cylinder heads carry the concentri 
cally mounted male die members 24, 25, and 26. 
These dies telescope one within the other in 
versely in the relation in which they have been 
referred to, and the main male ram 21 is recip 
rocated in the opening within the inner male die 
member 26. 

Compression cylinders A, B, and C are formed 
in which air enters through ports 28, 29 and 30. 
Valves 5|, 52 and 53, having rocking actuating 
arms 54, 55 and 56, control the release of air 
through ports 28, 29 and 30. The heads 22 and 
23 which respectively carry the male die members 
24 and 25, are retained in their relative position 
with relation .to the head I, by means of the dif 
ference in the air pressure in the different cham 
bers, as will be later explained. The heads are 
locked against receding movement, by means of a 
series of latch members 31, 38 which are normally 
pressed inwardly by means of springs 39, 40. 
As will be subsequently described, during the 

operation of the mechanism, after the heads 22 
and 23 have completed their initial downward 
strokes and the compressed gas in the cylinders 
which have actuated them is exhausted, the 
latches are released by means of'trigger arms 4|, 
42, which engage the member l6, the trigger 4| 
being actuated at the bottom of the cam surface 
of the member l6, in the position indicated at 
Ma, while the trigger 42 is actuated in a position 
on the cam surface~ indicated at 428, 

2,148,429 
As best shown in Fig. 10, the valves 3|, 32, 33 

are connected by means of the ?exible tubes'3la, 
32a, 33a to pressure reducing valves 3|b, 32b, 
33b. These reducing and regulating valves are 
supplied with compressed gas from a pressure 
main 3|c having a source of gas under pressure 
such as the pressure tank 3|d. 
The valves 3|, 32, and 33 are normally open so 

that pressure of, for example, 60 to 100 lbs. exist 
in cylinder A, 40 to -60 lbs. in cylinder B and 10 
to 40 lbs. in cylinder C. 
The structure of the valves 3|, 32 and 33 is 

best shown in Figs. 12 and 13. Fig. 12 shows the 
valve open in the position in which air is ex 
hausted from the cylinders. Fig. 13 shows the 
valve closed in which position the pressure auto 
matically controlled by the regulating valves 3|b, 
32b, and 33b is permitted to ?ow to the respective 
cylinders. 

Explaining the structure and operation of one 
of ‘these relief valves, the valve, the casing of 
which is illustrated at 3| has an outlet p0I't‘3Ie, 
an inlet port 3|)‘ and a pressure relief port 3| g. 
A valve stem 3|h has an intake valve disc 3li, 
and a release valve disc 3|7' which discs seat and 
close the ports 3| f and 3|g respectively. A spring 
3| k urges the valve disc 3|z‘ against its seat. A 
plunger 3|l has a rounded exposed end which 
abuts a set screw 3|m which extends through a 
pivoted arm 34, which carries on its free end a 
cam roller 3l0. A spring 3|p exerts a pull on 
the arm 3|n su?icient to overcome the pressure 
of the spring 3|k and hold the inlet port 3| i 
normally open. When the roller 3| 0 engages the 
cam track I8 the arm 3|n is rocked thereby re 
lieving the tension of the spring 3|p holding the 
inlet port 3lf open. The port 3|f is then closed 
by the compression spring 3|7c and at the same 
time the relief port 3| g is opened. 
The valves 3|, 32 and 33 all have a similar 

construction and operate in the same manner. 
The mechanism is shown in a position ready 

to start a forming operation in Figs. 1 and 10, in 
which the metal plate 43 to be formed is located 
on the top of the female die member 4. As the 
head I descends downwardly, an annular shear 
ing edge 44, which forms part of an annular 
member 45, trims off the edges of the metal. 
Prior to the actual forming of the metal plate, 
the lower cylinder head 46 bears frictionally 
against the surface 43 of the sheet outside that 
which covers the opening 1, the pressure down— 
wardly being controlled by the regulating valve 
3|b and as stated, usually ranging from 60 to 
100 lbs. 
The frictional clamping of the lower surface of 

the head 46 is maintained against the metal by 
the air pressure in the compression cylinder A. 
This same pressure, until released, holds the head 
22 back against the latch 31. _ 
The ?rst stage ofthe forming occurs when the 

head moves sufficiently far down to cause the 
male dies 24, 25 and 26 to be depressed within the 
?rst stage forming chamber, as indicated in Fig. 
3. During this downward movement of the head 
carrying the telescoping male dies, the frictional 
retainment of the area of the sheet 43 around 
the die chamber opening caused by the air pres 
sure in the cylinder A,~ is su?icient to permit the 
metal to be evenly drawn down into the ?rst 
stage die chamber. When this stage is reached, 
the arm 34, which controls the air to the com 
pression cylinder A is cut off and exhausted from 
the cylinder by contact with the cam track l8, 
as indicated in Fig. 3. 
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The second and third forming operations are 
carried out in a similar manner, and since the 
illustration in Fig. 4 shows the parts in the posi 
tion after the third forming operation, this oper 
ation only will be described. It will be noted that 
during the second forming operation, the out 
wardly beveled lower edge of a the male die 24 
frictionally clamps and retards the passage of 
the metal by engaging the formed sheet between 
its outwardly beveled edge‘ and the inwardly ex 
tending annular ledge 8 of the female 'die. 

Prior to the start of the third forming oper 
ation, the outwardly ?aring lower edge of the 
male die 25 will bear against the inwardly in 
clined shoulder ill of the second stage die cham- ' 
her. This will permit the metal to be drawn 
down in the third forming operation, so that it 
will ?ow evenly. The compression chamber C 
holds the die 25 in position during the third 
forming operation. 
As the die- 26 reaches the lower limit of its 

stroke and before the air from the cylinder C 
has been cut of! and exhausted, the ram 21 de 
scends within the female die l3 and completes the 
?nal forming of the metal. The head I is then 

‘ moved upwardly, as illustrated, withdrawing the 

30 

40 

ram and male dies and an upward stroke of the 
ram l5, causes the ejection of the formed metal 
object in its ?nal form. ‘ 
During the operation the frictional clamping 

due to the pneumatic pressure causes su?icient 
heat to bring about an even ?ow of metal in the 
drawing operation. \ r 

In Figs. 6 to 9 the form of the metal after each 
operation is shown. In'Fig. 6, the metal sheet 
43 has been formed as shown at "a. This is 
the form of the metal after the ?rst forming 
operation with the parts of the mechanism as 
shown in Fig. 3.. In Fig. 'I the metal is formed as 
indicated at "b. In Fig. 8 the metal is formed 
as indicated at “c. If the parts illustrated in, 
Fig. 4 were to be moved upwardly and the metal 
container were to be withdrawn from the female 
die chamber I I it would have the form illustrated 
at "c in Fig. 8. The ?nal form of the container 
is shown at "at in Fig. 9. ' 
I have illustrated the forming of a metal con 

tainer of rectangular shape, this being one of 
the more dii?cult shapes to form but it will be 
apparent that by a change in shape of the dies 
other forms such as square. octagonal, and round 
may be made. 
In the claims which follow I do not limit the 

3 
application of the forming operation either to 
any particular shape or size nor do I limit its ap 
plication to a forming operation of any de?nite 
number of steps such as the four forming steps 
described. Any multiple number of forming 
operations may be accomplished by utilizing the 
pneumatic clamping principle involved, and by 
my arrangement I am able to so regulate the air 
pressure in the respective cylinders that the de 
sired frictional clamping pressure for successive 
draws may be obtained. Thus my arrangement 
provided for a nicety of drawing operations not 
possible in the constant and uniform hold-down 
arrangement of Schimmelbusch in his Patent No. 
783,390. 
Having thus described my invention, what I 

claim as new and desire to secure by Letters Pat 
ent, is: ‘a 

1. In sheet forming apparatus in which meta 
is formed, a female die having successive die 
chambers of decreasing cross dimensions and a 
‘male die comprising a series of telescoping male 
die elements each ?tting within a successive die 
chamber during a forming operation therein, 
pneumatic means which may be regulated to a 
di?erent pressure for each die for retaining each 
of said telescoping male die elements in frictional 
clamping engagement with metal being formed 
during the forming operation in the next suc 
cessive die chamber, said pneumatic means com 
prising a series of cylinder heads within com 
pression cylinders each cylinder head carrying 
a male die element, and means for releasing the 
pneumatic pressure within said cylinders during 
successive stages of the forming operations. 

2. Sheet forming apparatus comprising a fe 
male die having a series of die chambers formed 
therein of decreasing cross dimensions, a fric 
tional clamping member for retarding the metal 
of a sheet as it is drawn in said die chamber, 
regulatable pneumatic means for actuating said 
clamping member and a series of telescoping male 

. dies for successively forming the metal of a sheet 
in said series of die chambers, said series of male 
dies being reciprocable through an opening in 
said clamping member, and independently regu 
latable and pneumatic means for actuating one 
of said male die members to cause it to effect a 
clamping pressure on a sheet being drawn during 
the reciprocation or another male die member 
through said ?rst noted male die member. 

JAMES L. AUBLE. 
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