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This invention relates to processes and appa 
ratus for making tubular shells, such as battery 
electrodes and the like articles, from flat sheet 
metal. 
An object of this invention is to provide a 

process whereby sheet metal such as steel and 
the like metals may be formed into tubular shells 
Without unduly stretching the metal or disturb 
ing the grain thereof and in a continuous oper 
ation Without necessitating annealing or the like 
intermediate softening operations, whereby such 
tubular shells may be made easily, efficiently and 
economically. 

* A further object of this invention is to pro 
vide a highly improved apparatus of the charac 
ter described, for forming seamless cups or shells 
of hard metal, such as steel, copper, iron and 
brass, which shall be smooth and positive in ac 
tion, comprise comparatively few and simple 
parts, which shall be relatively inexpensive to 
manufacture and yet, practical and efficient to 
a high degree in use. ???? 
Other objects of this invention will in part 

be obvious and in part hereinafter pointed out. 
The invention accordingly consists in the fea 

tures of construction, combinations of elements, 
and arrangement of parts which will be exem 
plified in the construction hereinafter described, 
and of which the scope of application will be 
indicated in the following claims. 
In the accompanying drawings in which is 

shown one of the various possible illustrative 
embodiments of this invention, 

Fig. 1 is an elevational, cross-sectional view of 
the apparatus embodying the invention; 

Fig. 2 is a top plan view of the apparatus 
shown in Fig. 1 with parts of the yoke in cross 
Section; 

Fig. 3 is an end view of the cup formed with 
the die mechanism embodying my invention and 
illustrating an intermediate step in the forma 
tion of the finished shell; 

Fig. 4 is a side elevational view partially in 
CrOSS-Section of the cup shown in Fig. 3; 

Fig. 5 is a side elevational view (partly bro 
ken away) of the finished shell formed with 
my improved apparatus and process; 

Fig. 6 is a view taken on line 6-6 of Fig. 1; 
Fig. 7 is an elevational, cross-sectional view of 

the die mechanism embodying my invention for 
forming the cup shown in Fig. 3; and 

Fig. 8 is an elevational, cross-sectional view 
illustrating an intermediate position of a por 
tion of the apparatus shown in Fig. 1, showing 
intermediate positions of the plungers. 

1931, Serial No. 560,662 
(0Cl, 113—46) 

Referring now in detail to the drawings, de 
designates a die embodying the invention for 
making the cup f shown in Figs, 3 and 4, from 
flat sheet metal; and 2 designates the drawing 
apparatus embodying the invention for making 5 
the tubular shell 4 of said cup . The die 

comprises a base plate 5 formed with an 
upwardly extending, integral cylindrical flange 
f6 and an axial screw-threaded opening 7. 
Screwed in said opening 7 and extending down- 0 
Wardly from the plate 5 is a rod 8 provided 
with a nut 9 at the lower end thereof and a 
Washer 20 resting on said nut. Slidably mount 
ed on said rod 8 is an annular member 2 hav 
ing a flange portion 22. Upstanding from and i 5 
fixed to said flange 22 are a plurality of pins 24 
slidably extending through parallel openings 25 
formed in said plate 5. A strong coil compres 
sion Spring 26 interposed between the member 2 
and the washer 20 serves to normally urge the 20 
member 2 into contact with the underside of 
the plate 5. The pins 24, as clearly shown in 
Fig. 7, are disposed on the inside of the cylin 
drical wall 6, and are preferably of equal height. 
A ring member 2 may be supported on the top 
ends of said pins, and preferably has a sliding 
fit with the inner Wall of said flange f6. 

Mounted on the plate 5 and within the flange 
f6 is a male die member 28 having a cylindrical 
portion 29 provided with an upper stepped die 
portion 29d. The surface 29a is formed with 
radially or transversely curved annular steps, 
the steps decreasing in diameter toward the top. 
Preferably, each step is formed with a cylindrical 
side surface and with an annular top surface, of 
substantially semi-circular cross-section. The 
die portion 29a, is preferably formed with an 
axial cylindrical opening 39 slidably receiving a 
plunger member 3? having an integral flange 32 
contacting the inner horizontal surface of the 
die and forming the top step of the die member 
28. The top edge of the plunger may likewise 
be curved similarly to the other steps of the 
die. A coil compression spring 33 interposed be 
tween the plate 5 and the underside of the 
member 31, serves to normally lift said member 
3A. Preferably, however, in the lifted position 
shown in Fig. 7, the plunger 3 forms a taller 
step than the remaining steps of the die. 
A complementary punching and die member 

35 is suitably mounted for vertical sliding move 
ment for coaction with the die member 28. Said 
member 35 comprises an outer annular member 

, 36 adapted to register with the ring member 27, 
Slidably mounted within the member 36 is the 
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2 
female die portion 37 having steps 38 similarly 
shaped and adapted to cooperate with the steps 
of die portion 29a. A rod 40 may be fixed to said 
member 37 so that after the cup f is formed 
in the manner hereinafter described, the rod 40 
may be pushed downwardly in any suitable man 
ner to lower said die member 37 and release the 
CUlp. 
The method of forming said cup f with the 

die mechanism or press 0 will now be described. 
A piece of flat sheet metal is placed on top of the 
plunger 3 (with the punch and die member 35 
lifted away from the lower die member 28). 
Said member 35 is then lowered first to the posi 
tion shown in Fig. 7. This operation causes the 
sheet plate to bend into the form shown in Fig. 
7. The spring 33 retains the plunger 3 in lifted 
position so as to draw the metal inwardly and 
form a frusto conical Surface shown in dotted 
lines in Fig. 7. 
The formation of said conical surface provides 

extra metal to permit formation of the curved 
steps without causing undue strain. On the metal. 

- Continued downward movement of the member 
35 will thereafter cause the sheet metal to be 
sheared or punched annularly at the Outer edge 
of the cylindrical portion 36, and the formation 
of the steps when the die portions 29a and 38 
are pressed together. During this action, the 
plunger 3 f will be pushed downwardly against 
the spring 28; and the ring 27 will also be pushed 
down and the spring 26 compressed. The re 
sulting cup will be formed with a circular 
bottom wall fa, with four annular transversely 
curved portions b and with four cylindrical 
annular portions ?c, and an outer cylindrical 
flange d. The portion a and the portion fic 
adjacent thereto, and the interconnecting curved 
corner portions are formed by the plunger 3, 
and the annular portion - d is formed by the 
die portion 36, which is somewhat Spaced from' 
the outer cylindrical surface 42 of the lower die 
member 28. The cup shaped member may 
thereafter be removed from the die by lowering 
the rod 40. Said cup shaped member thus pre 
formed from the flat metal sheet is then formed 
into the shell 4 on the apparatus 2 in the man 
ner hereinafter described. 

Said apparatus 2 comprises a Supporting 
frame 50 provided at the bottom thereof with 
a fixed guide 5 having a horizontal longitudinal 
groove 52. 

Slidably mounted on said guide 5 is a sub stantially rectangular yoke 53 having a bottom 
wall 54 received within the groove 52, a front up 
right wall portion 55, a rear upright wall portion 
56 and a top portion 57. For reciprocating said 
yoke 53, there is provided a horizontal shaft 59 
suitably journalled on the frame 50. Mounted 
on the outer ends of the shaft 59 are similar gears 
60 meshing with Small gears 6 mounted on 
shafts 62 suitably journalled on opposite sides 
of the frame 50. Fixed to Said shafts 62 are 
large gears 63 meshing with Small gears 64 
mounted on shafts 65 likewise Suitably journalled 
on opposite sides of the frame 50. Fixed to 
said shaft 65 are large gears 66 meshing with 
gears 67 mounted on a common shaft 68, con 
nected to any Suitable driving nechanism. 
Thus, the driving shaft 68 is connected through 
the balanced reducing gears 6, 63, 64, 66 and 
6, to the shaft 59. 
Mounted on said shaft 59 is a 180' rock-cam 

70 interposed between rollers 7 and 72 suit 
ably mounted on the rear and front walls 56 

1999,229 
and 55 respectively of the yoke. Thus, upon ro 
tating the shaft 59 in the direction shown by the 
arrow, in Fig. 1, the yoke will be reciprocated 
back and forth, Since the can Will engage One 
roller during 180° rotation and another roller 
during the next 180° rotation. Attached to the 
wall 55 of the yoke is a horizontal central plung 
er 74 extending forwardly therefrom, for the pur 
pose hereinafter described. s 

Slidably mounted on said plunger 74 is a tubu 
lar plunger 75 to the rear end of which is Screwed 
a disc 77. Slidably mounted on the tubular 
plunger 75, is a tubular plunger 78 to the rear 
end of which there is screwed a disc 79 and slid 
ably mounted on said plunger 78 is a plunger 80 
to the rear end of which there is screwed a disc 
8, and slidably mounted On the plunger 80 is a 
tubular plunger 83 to the rear end of which 
there is screwed a disc 84. The plungers 74, 75, 
78, 80, and 83 - are of successively increasing di 
ameter as shown in Fig. 1, and the discs 77, 79, 
8 and 84 are normally spaced from one another. 
The diameter of the plunger 4 is substantially 
equal to the diameter of the plunger 2 so that 
the, front end 85 thereof may fit within the 
Smallest step fa, lic of the cup f. The for 
ward ends of plungers 75, 78, 80 and 83 are of 
Semi-circular transverse CrOSS-Section. In nor 
mal position, the for Ward endS Of the plungerS 
are such that the cup may be fitted over the 
curved ends of said plungers for contacting the 
same. Thus, the five plungers will contact the 
entire inner surface of the cup SO that the cup 
may be tightly fitted on said plungers as shown 
in Fig. 1 of the drawingS. 
The plungers are adapted to be advanced in 

the manner hereinafter described, for coopera 
tion with spaced die members 90, 9 , 92 and 93, 
fixedly secured to the frame 50 in any suitable 
manner. The member 93 is provided with a 
ring 94 having a somewhat greater inner di 
ameter than the Outer diameter of inner or cen 
tral plunger 74, to allow for the thickness of the 
shell f to be formed. The member 92 is provid 
ed with a ring 95 having an inner diameter 
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likewise somewhat greater than the outer di 
ameter of the plunger 75. The member 9 is 
provided with a ring member 96 having an inner 
diameter somewhat greater than the outer di 
ameter of the plunger 8, and the member 90 
is provided With a ring member 97 having an in 
ner diameter Somewhat greater than the out 
er diameter of the plunger 80. The ring mem 
bers 94, 95, 96 and 97 are preferably made of 
hard metal and are coaxial with one another 
and with the plungers. 

Means is provided for advancing all of the 
plungers simultaneously until the forward end of 
the plunger 83 of largest diameter presses the 
outer annular ring portion fb of the cup i? 
against the adjacent surface 97a of the ring 97; 
for thereafter simultaneously advancing the 
plungers 14, 75, 78, and 80 until the forward end 
of the plunger 80 presses the next annular por 
tion Ab of the cup against the surface 96d. 
of the ring 96; then simultaneously advancing 
the plungers 78, 75 and 74 forwardly until the 
forward end of the plunger 78 presses the next 
annular portion b of the cup , against the 
ring 95; then simultaneously advancing the 
plungers 74, 75 until the forward end of the 
plunger 75 presses the next portion b against 
the ring 94 and then finally advancing the plung 
er 14 alone until the completed tubular shell 
4 is formed. 
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To this end there is fixedly mounted on the 

shaft 59 on opposite sides of the central can 70, a 
pair of similar cams 00, each of said cams having 
a cammed surface O and a dwell or circular sur 
face 02. Fixed to the disc 77 on opposite sides 
of the yoke 55 are parallel rearwardly extending 
plates 3 to the rear ends whereof are attached 
rollers 4 adapted to contact the cam 00, so 
that upon rotating the shaft 59, the cammed 
Surface í Od will first engage the rollers A 04 for 
pushing the plates AC3 and consequently the disc 
77 forwardly, until the dwell portion 2 of the 
can engages the rollers. Obviously, during the 
period of contact between the dwell portion 02 
and the rollers, the disc will not be advanced. 
Fixedly mounted on said shaft 59 on opposite sides 
of the cams are a pair of similar cams 05 each 
likewise provided with a cammed surface 06 and 
a dwell surface A. Said cams 05 are adapted 
to coact with the rollers 08 mounted at the ends 
of parallel plates 99, disposed on opposite sides 
of plates C3 and fixed at the forward ends there 
of to the disc 9. A pair of similar cams ( 
mounted on said shaft 59 on opposite sides of the 
cams i 05 are likewise provided with cammed sur 
faces i? and dwell surfaces 2, and are adapted 
to COOperate With rollers 3 fixed at the ends of 
parallel plates 4. Plates 4 are disposed on 
Opposite sides of plates 09 and are likewise fixed 
at the forward ends thereof to the next disc 8 
So that said disc will be advanced upon rotating 
the shaft 59. A pair of cams 5 are likewise 
mounted on the shaft 59 and provided with 
cammed Surfaces 6 and dwell surfaces . Said 

5 cams S are adapted to cooperate. With rollers 8 
mounted at the rear ends of parallel rods 9, the 
forward ends of Said rods being fixed to the front 
diSC 4. 
The cams 0, 00, 405, Al and 5 are so ar 

ranged that as the shaft 59 is rotated, the yoke 53 
with its central plunger 74 will begin moving to 
gether with the discs, 79, 8 and 84. This simull 
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taneous movement of all the plungers will con 
tinue until the dwell portions of the Smallest 
canas 5 engage rollers 8 of the rods 9. At 
this point, the plunger 83 will press the cup 
against the first ring 9, thereafter, the disc 84 and 
its plunger 83 will not be advanced, but the four 
inner plungers will continue movement together. 
until the dwell portion 2 of the cam to en 
gages its rollers 3, and the forward end of the 
plunger 80 presses the cup against the next ring 
96. During this last named movement, the por 
tion i?ld of the cup and the outer transversely 
curved annular portion if b of the cup have been 
shaped to form the cup de shown in dotted lines 
in Fig. 8, thus reducing the outer diameter of the 
cup by one step. The portion d and the outer 
most curved annular portion b of the cup are 
shaped or formed around the surface.97a of the 
ring 9 and the cup is reduced in diameter by one 
step. 
Continued movement of the shaft 59 will cause 

the three inner plungers 8, 75 and 74 only to be 
simultaneously advanced until the dwell portions 

of the cams 05 engages rollers 08 and the 
cup is pressed against the ring 95. The three 
Outer plungers then remain stationary and the 
two inner plungers are advanced for eliminating 
another outer step of the cup until the dwell por 
tions 02 of the cams 00-contact the rollers foa. 
The plunger 75 then in turn becomes stationary 
and the inner plunger 74 alone is advanced by the 

3 
advanced position, the discs 7, 9, 8 and 84 are 
Substantially in contact with one another. Thus, 
the operation of the apparatus 2 thus far de 
Scribed shapes out the steps. Successively begin 
ning With the Outer step to form the cup into a 
tubular shell by holding each step in a sliding grip 
between the Several plungers and rings while 
gradually forcing said step out of said grip. 
The entire action in forming the shell 4 from 

the cup i? occurs during 180° rotation of the shaft 
59. During, the second half of the turn, or the 
next 180°, the yoke 53 is returned to its original 
position, drawing therewith the plunger 4. The 
Outer disc 86 is returned to its original position 
by means of tension springs f20 attached at the 
forward ends thereof to the rods 9 and at the 
rear thereof to fixed portions of the frame 50. For 
returning the discs 7, 9, and 8 to their original 
positions, shown in Fig. 1, there is provided a rod 
a 25 fixed at the rear end thereof to the wall 55 of 
the yoke 53. Attached to said rod are cross mem 
bers 26, 27 and 28 normally disposed in front 
of said discs 7, 79 and 8 respectively. The disc 

has a bore 30 to permit the rod 25 to side 
therethrough, and the crosspiece 26 is adapted to 
engage the front Surface of said disc 7, for re 
turning said disc to its original position upon 
draWing the yoke rearwardly. The disc 19 like 
wise has a bore 3 of sufficient width to permit 
the cross piece 26 to pass therethrough. The 
cross piece 2 however, is somewhat longer than 
the crosspiece A26 so that upon moving the yoke 
rear Wardly, the cross piece 26 will pass through 
said opening 3 and the outer' ends of the cross 
piece A2 will engage the disc 79 for moving the 
same rearwardly. The disc 8f is provided With 
an opening 32 large enough to permit both the 
cross pieces 26 and 27 to pass therethrough, but 
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the cross piece d28 is somewhat longer than the 
cross piece di 27 so that the outer ends of the cross 
piece A28 will engage the disc 8f for moving the 
same rearwardly upon returning the yoke to its 
rearward position. 
Thus after all of the plungers are advanced to 

the forward position for forming the tubular shell 
14, the rearward movement of the yoke 53 will 
retract the central plunger 4 as well as the rod 
25. Upon moving the yoke 53, the plunger: 4 
and the rod 25 rearwardly, the croSS piece 26 
will pass through the openings 32 and 31 in the 
discs 8 and 79 respectively. The cross piece 26 
is adapted to contact the disc 77 for moving said 
disc, together with its plunger 5 rear Wardly. 
This movement continues until the COSS piece 
27, which is adapted to pass through the open 
ing 32 in the disc 8, contacts the disc 79 for 
moving the same together with its plunger 8, 
rearwardly. The yoke 53 and plungers 74, 75, 
and 8 then move rearwardly together until the 
cross piece 28 engages the disc 8 for also nov 
ing said disc together with its plunger 80 rear 
Wardly. During this latter movement, the disc 
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84 with its plunger 83 will also be moved rear 
wardly by the springs 20. The disc 84, however, 
will stop in the normal rearward position thereof, 
as shown in Fig. 1, and the disc 8, together with 
the discs 79, TT and plungers 78, 75 and 74 con 
tinue movement rearwardly until the yoke 53, the 
discs 77, 79 and 8, and the plungers reach their 

-normal rearward positions. 
It will thus be noted that the plunger 74 moves 

rearwardly until the plunger 75 is carried rear 
wardly therewith, and thereatfer the plungers 74, 

action of the can 70 for drawing the final-step of 75 move rearwardly together until the plunger 78 
the cup and producing the tubular shell 4. In begins moving rearwardly. Thereafter the three 
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inner plungers 74, 75, 78 move rearwardly to 
gether until the plungers 80 and 83 begin to move 
rearwardly therewith. Thereafter all of the 
plungers move rearwardly together until the disc 
84 reaches its rearward position. Thereafter, the 
four inner plungers move rearwardly together 
until they all reach their rearward normal posi 
tions. The frame 50 is provided with suitable 
stop means to retain the discs 77,79, 8 and 84 
in the rear Ward positions thereof. 

Obviously after the shell 4 is formed, the same 
may be removed from the forward end of the 
plunger T4 in any suitable manner and the rear 
rough edgethereof may be suitably trimmed. The 
shell f obviously may be made for a large va 
riety of uses, Such as cartridge shells, cups and 
the like. 
A dominant feature of the invention is the 

making of the cup having transversely curved, 
annular steps, and thereafter forming the shell 
f4 by eliminating the steps, one step at a time, 
beginning with the outermost step. The curved 
portions b of the steps provide sufficient metal 
so that during the forming processes on the ma 
chine f2, excessive strain due to stretching of the 
metal is substantially eliminated, and the con 
pression on the metal during the forming proc 
esses which usually hardenes the metal and ren 
ders the same brittle, is greatly reduced. The tube 
A may thus beformed without the metal harden 

ing to such a degree as to become brittle or break 
ing or cracking, and the steps may hence be 
shaped out without the necessity for annealing. 
The steps of the cup may thus be shaped out or 
eliminated Successively without interrupting the 
processes for annealing purposes. The curvature 
of the portions b supplies the extra metal neces 
Sary, so that the steps may be shaped out by the 
action of the plungers and rings of the machine 
f2 without actually causing a high degree of 
stretching of the said metal, which often causes 
defects and bireakage during the forming proc 
essos. Obviously, the curved, radial portions fb 
of the cup may be angular or corrugated, or other 
Wise Suitably shaped, and the dies 29a and 3 and 
the ends of the plungers correspondingly Shaped 
to provide the cup with extra metal. In other 
words, the portions- b. should be of transverse 
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non-rectilinear cross-section. Furthermore-the 
provision of the curvaed or transversely non 
straight surfaces fb provides sufficient metal so 
as to prevent the thinning of the metal during 
the forming processes, usually resulting from 
stretching. 
Another dominant feature of the invention is 

that the movable plulingel 3 in the die G form 
ing a frusto-conical Surface prior to the dieing 
operation provides a Sufficiency of metal to re 
lieve the strain caused during the dieing opera 
tion. 
My improved process and apparatus is par 

ticularly adapted for hard metal Such as sheet 
steel which with methods or apparatus hereto 
fore known cannot be drawn into cups of con 
siderable length as compared with their diameter 
without intermediate annealing and other practi 
cal difficulties and disadvantages. With my in 
proved process and apparatus, I have found it 
possible to form sheet Steel, for example, into a 
shell of length equal to approximately three times 

- -its-diameter with a continuous operation with out annealing Orinterruption and without rupture 
of the metal. 

It will thus be seen that there is provided a 
device in Which the Several objects of this inven 

1,999,229 
tion are achieved, and which is well adapted to 
meet the conditions of practical use. 
AS Various p0SSible embodiments might be made 

of the above invention, and as various changes 
might be made in the embodiment above set forth, 
it is to be understood that all matter herein set 

5 

forth or shown in the accompanying drawings is 
to be interpreted as illustrative and not in a 
limiting sense. 

Having thus described my invention, I claim 
as new and desire to secure by Letters Patent: 

1. The art of making tubular metal forms from 
sheet metal consisting in preforming from the 
sheet a cup having a plurality of annular steps, 
and then shaping out the steps successively begin 
ning with the outer step by holding each step 
in a sliding grip while gradually forcing said 

0 

step out. of said grip to form said cup into a 
tubular shell. 

2. The art of making tubular metal forms from 2 
sheet metal consisting in preforming from the 
sheet a cup having a plurality of annular steps 
having radial portions of non-rectilinear cross 
Section, and then shaping out the steps suc 
cessively beginning with the outer step by hold 
ing each step in a sliding grip while gradually 
forcing Said step out of said grip to form said 
Cup into a tubular shell. 

3. The art of making tubular shells from flat 
Sheet metal consisting in preforming from the : 
sheet a cup having a plurality of radially non 
rectilinear annular portions and interconnected 
by annular cylindrical portions and constituting 
annular steps, then shaping out the steps begin 
ning with the outer step by holding each step in : 
a sliding grip while gradually forcing said step 
Out of Said grip to reduce the diameter and in 
crease the depth of the cup. 

4. The art of making tubular shells from flat 
sheet metal consisting in preforming from the 
sheet a cup having a plurality of radially non 
rectilinear annular portions and interconnected 
by annular cylindrical portions and constituting 
annular StepS, then pressing against opposite 
Sides of one Step and against one side of the con 
tiguous annular step of lesser diameter for shap 
ing out the first mentioned step, and repeating 
this operation for the next step. 

5. The art of making tubular shells from fiat 
sheet metal consisting in preforming from the 
sheet a cup having a plurality of radially non 
rectilinear annular portions and interconnected 
by annular cylindrical portions and constituting 
annular steps, then pressing against opposite 
sides of one step and against one side of the con- ; 
tiguous annular step of lesser diameter for shap 
ing out the first mentioned step, and repeating 
said operation successively on each annular por 
tion until all of the steps have been shaped out. 

6. Theart of making tubular metal forms con 
Sisting in die stamping a disc to preform a cup 
having a plurality of annular steps and there 
after shaping out the steps successively beginning 
With the outer step by holding each step in a 
Sliding grip while gradually forcing said step out 
of Said grip to form said cup into a tubular shell. 

7. The art of making tubular metallic forms 
consisting in die Stamping a disc to preform a 
cup having a plurality of annular steps having 
radial portions of non-rectilinear cross-section, 70 
and thereafter shaping out the steps successively 
beginning With the outer step by holding each 
step in a sliding grip while gradually forcing said 
step out of Said grip to form said cup into a 
tubular shell. 
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8. he art of making tubular shells from flat 

sheet metal consisting in forming a disc of metal 
into a frusto-conical cup, then die stamping said 
Cup to preform a plurality of annular transversely 
curved steps thereon, and then shaping out the 
steps successively beginning with the outer step 
by holding each step in a sliding grip while grad 
ually forcing said step out of said grip to form the 
tubular shell. 

9. The art of making tubular shells from flat 
sheet metal consisting in die punching a sheet to 
preform a cup having a plurality of radially non 
rectilinear annular portions interconnected by 
annular cylindrical portions and constituting an 
nular steps, and then shaping out the steps, be 
ginning with the outer step, by holding each step 
in a sliding grip while gradually forcing said step 
Out of Said grip to reduce the diameter and in 
crease the depth of the shell. 

10. The art of making tubular shells from flat 
sheet metal consisting in die punching a sheet 
to preform a cup having a plurality of radially 
non-rectilinear annular portions interconnected 
by annular cylindrical portions and constituting 
annular steps of successively decreasing diameter, 
then clamping One of said non-rectilinear por 
tions between two annular members disposed on 
both sides of said portion, and then pressing a 
plunger against the inner surface of the next 
non-rectilinear portion of lesser diameter for 
shaping out the first mentioned non-rectilinear 
portion. 

11. The art of making tubular shells from flat 
sheet metal consisting in preforming a cup hav 
ing a plurality of Steps of Successively decreasing 
diameter, each step comprising a non-rectilinear 
portion and an annular cylindrical portion, and 
then pressing a non-rectilinear portion of one of 
Said Steps against an annular ring and forcing a 
member against the non-rectilinear portion of 
the next step of lesser diameter for shaping out 
the first named step. 

12. In apparatus of the character described, a 
central plunger, a plurality of tubular telescoping 
plungers slidably mounted thereon, said tubular 
plungers being of Successively decreasing length, 
discs at the rear ends of said tubular plungers, a 
member attached to the rear of Said central 
plunger, cammed means for moving said member, 
a rod attached to said member, parallel to Said 
central plunger and having a plurality of Spaced, 
cross pieces thereon, each cross piece being 
adapted to engage one of said discs, each disc 
being formed with an opening adapted to permit 
the crosspiece for each of said discs rearwardly 
thereof, to pass therethrough. 

13. In apparatus of the character described, a 
central plunger, a plurality of tubular telescoping 
plungers slidably mounted thereon, a yoke at 
tached to the rear of Said central plunger, 
cammed means for advancing said yoke, anda plu 
rality of cams associated with said canned means 
for advancing said tubular plungers in prede 
termined relation to said first plunger, and a 
member associated with said yoke and having a 
lost motion connection with said tubular plunger 
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for moving said tubular plungers rearwardly to 
the normal rearward positions thereof. 

14. In apparatus of the character described, a 
plurality of slidably mounted telescoping plung 
ers the ends of said plungers forming a stepped 
annular Surface adapted to receive a cup formed 
with a series of annular steps, fitted thereon, a 
plurality of fixed, spaced annular rings of grad 
ually decreasing diameter, coaxial with said 
plungers and disposed forwardly thereof, means 
for advancing said plungers until the outer 
plunger presses the outer step of said cup against 
the first ring of greatest diameter, means for 
thereafter retaining the first plunger stationary, 
and advancing the remaining plungers simul 
taneously for shaping out the outer step of Said 
cup, until the next inner plunger presses the next 
step of the cup against the next ring" of lesser di 
ameter, then holding the two outer plungers sta 
tionary and advancing the remaining inner 
plungers for shaping out the next step of the cup, 
until the next inner plunger presses the next step 
of the cup against th9 next ring of said still lesser 
diameter. * ?, 

15. In apparatus of the character described, a 
plurality of slidably mounted telescoping plungers, 
the ends of said plungers forming a stepped an 
nular surface adapted to receive a cup formed 
With a series of annular steps, a plurality of 
spaced, fixed annular ring portions of successively 
decreasing diameters coaxial with said plunger 
and disposed forwardly thereof, means for ad 
vancing said plungers simultaneously until the 
outer plunger presses the outer step of Said Cup 
against the first ring of greatest diameter, means 
for thereafter retaining the first plunger station 
ary, and advancing the remaining plungers simul 
taneously for shaping out the outer step of Said 
cup until the inner plunger presses the next step 
of the cup against the next ring of lesser diame 
ter, means for then holding the two outer flanges 
stationary and advancing the remaining inner 
plungers for shaping out the next step of the cup 
until the next inner plunger presses the next Step 
of the cup against the next ring of still lesser di 
ameter, and means for thereafter moving the 
plungers rearwardly to return the same to the 
normal rearward positions thereof. 

16. In apparatus of the character described, a 
plurality of slidably mounted telescoping plungers 
having transversely, non-rectilinear end portions 
adapted to receive a cup formed with a Series of 
transversely, non-rectilinear annular steps, and a 
plurality of fixed, spaced, annular rings of suc 
cessively decreasing diameters coaxial with said 
plungers and disposed forwardly thereof, the ring 
of greatest diameter being disposed adjacent said 
plungers, means for advancing the plungers until 
the outer pluinger presses the outer step of the 
cup against the first ring, means for thereafter 
retaining the first plunger stationary and ad 
vancing the remaining plungers for drawing Out 
the outer step of the cup until the next inner 
plunger presses the next step of the cup against 
the next ring. 
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