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(C. 113-53) 20 Claims. 

This invention relates to metal working and 
more particularly to an improved apparatus for 
working and shaping tubular and cylindrical 
blanks to a predetermined configuration and con 
tour by rolling or spinning, and is primarily con 
cerned with the precision spinning of compara 
tively heavy gauge and thick walled blanks to a 
preselected contour. 
The invention is applicable to the production 

of a large variety of contoured tubular or cylin 
drical articles, but it is especially concerned with 
the manufacture of spun articles having a con 
tour requiring a relatively heavy reduction in 
the diameter of the original blank, such, for ex 
ample, as is required in producing containers, 
metal bottles, shells, and the like having necks 
and mouth portions of Small diameter relative to 
the diameter of the body portions thereof. 
The principal object of the invention is the 

provision of an improved apparatus for spin 
ning the peripheral wall of a blank to a desired 
pattern or shape with precision and accuracy, 
and the finished product reproduced with uni 
formity of shape and dimensional characteristics 
without the necessity of employing internal 
formers or Supports. 
Another object is to provide an automatic ap 

paratus arranged to produce completely finished 
articles. - 

A further object is to provide a metal spin 
ning apparatus applicable to produce, by a se 
ries of progressive and recurrent deformative 
and shaping passes in opposite directions, a rel 
atively great total reduction in the diameter of 
a blank in accordance with a preselected pattern 
without materially changing the Wall thickness 
of the blank, 
Another object is to provide cam controlled 

metal working tools for operating upon blanks 
to reduce them to a shape determined by the 
can contour and, in connection therewith, to pro 
vide means for translating cam contours into 
tool movement with precision and accuracy. 

Still ar...other object is to provide spinning tool 
controlling mechanism that is cam actuated un 
der low cam follower pressure and capable of 
generating high tool Working pressures Without 
loss of precision and accuracy, whereby metals 
requiring high deformative pressures can be read 
ily spun to desired shape. 
A still further object is to provide spinning 

apparatus wherein the Work is radially con 
fined and acted upon by at least three spinning 
tools so arranged that the radial thrust of One 
tool against the Work is counteracted by the 

O 

5 

other tools in combination with an automatic 
power means for simultaneously actuating the 
tools through equal and identical movements. 

Still other objects and purposes of the inven 
tion, including novel combinations and simpli 
fled and detailed features of the construction 
and arrangement, will become apparent as the 
detailed description proceeds, taken in conjunc 
tion with the accompanying drawings illustrating 
a preferred embodiment of the invention, where 
11: 

Fig. 1 is a side elevational view of a Spinning 
machine; 

Fig. 2 is a plan view thereof; 
Fig. 3 is a longituginal sectional elevational 

view of the driving spindle and Work holding 
chuck, on an enlarged scale; 

Fig. 4 is a view on an enlarged scale taken on 
the line IV-IV of Fig. 2 and showing one of the 
tool slides in section; 

Fig. 5 is a vertical sectional view taken on the 
line V-W of Fig. 4; 

Fig. 6 is a view taken on the line WI-VI of 
Fig. 5; 

25 Fig. 7 is a view similar to Fig. 4 but with the 
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cover plate and tool slides removed; 
Fig. 8 is a view taken on the line VIII-VIII of 

Fig. 7; 
Fig. 9 is a view taken on the line IX-IX of 

Fig. 7; 
Fig. 10 is an enlarged detail view of the cross 

Slide and control valve taken on the line X-X 
of Fig. 9; 

Fig. 11 is an end view of the indexing mech 
anism disposed at the upper side of the ma 
chine as Viewed in Fig. 2; 

Fig. 12 is a side elevational view thereof par 
tially in Section; 

Fig. 13 is a view taken on the line XIII-XIII 
of Fig. 11; 

Fig. 14 is a developed view of the centering 
and locking drum of the indexing mechanism; 

Fig. 15 is a view on an enlarged scale taken on 
the line XV-XV of Fig. 2; 

Fig. 16 is a schematic view showing the se 
ries of cams of the pattern controlling device 
arranged in superimposed relation and illustrat 
ing the progressive contouring of the cams for 
controlling the spinning tool movements and 
imparting progressively the desired shape to the 
work; . . 

Fig. 17 is a view taken on the line XVI-XVII 
of Fig. 2 showing the second carriage and its 
bead forming too slides; - 

Fig. 18 is a fragmentary sectional view taken 



2 
on the line XVIII-XVIII of Fig. 17, showing one 
of the tools in operative position; 

Fig. 19 is a view taken on the line XIX-XIX 
of Fig. 18; 

Fig. 20 is an enlarged view, partly in section, 
of a completed container adapted to be produced 
entirely by spinning operations; and / 

Fig. 21 is a diagrammatic view illustrating the 
hydraulic circuits for controlling the operation 
of the machine. 
The art of shaping metal by spinning has long 

been practiced by both hand and machine meth 
ods, but at present such methods have many lim 
itations that render them unsuited for the Com 
mercial production, in large quantities, of many 
forms of products, especially those formed of com 
paratively heavy gauge material or a metal re 
quiring high deformative pressures, and those 
wherein the configuration to be imparted to a 
blank requires that its wall be deeply necked in or 
constricted relative to the original diameter of the 
blank. However, I have evolved an improved 
spinning method wherein heavy gauge material 
and relatively deep necking in of the wall of a 
blank can be performed, and the manufacture of 
containers and the like effected with precision 
and accuracy. For example, large capacity, nar 
row mouth containers used in the dairy industry 
for the handling of milk are required to be 
formed with a sealing mouth accurately dimen 
sioned for the reception of a closure and also are 
required to be of uniform wall thickness in order 
to give adequate strength and durability, and, in 
general, to be of Such form to meet stringent 
and rigid sanitary requirements. Heretofore, it 
has been the practice to manufacture Such COn 
tainers by joining separately formed bottom, 
body, and mouth pieces by soldering or welding, 
the spinning of such containers not being practi 
cal because of the need for employing internal 
formers or mandrels and the inability to maintain 
Substantially a uniform wall thickness. 

In Fig. 20 of the drawings, I show a one-piece 
container of Substantially uniform wall thickness 
that I am enabled to produce by spinning from a 1. 
Cup-like blank of relatively heavy gauge alumi 
nun alloy having a tubular body closed at one 
end, and Such container reproduced in commer 
cial quantities. The container comprises a body 
portion of a desired diameter, a tapered or slop 
ing shoulder portion 2, configured as desired, 
leading from the body to a constricted neck 
portion 3, and terminating in a beaded mouth 4. 
It is to be observed that the diameter of the neck 
opening is greatly reduced relative to the body of : 
the container, thus requiring considerable dis 
placement Or deformation of the wall of the blank 
to pr0duce this reduction. The finished con 
tainer is produced entirely by spinning opera 
tions capable of being carried out by a wide va 
riety and form of apparatus by either automati 
cally or manually manipulated tools, but it is 
preferably carried out in an improved automatic 
machine hereinafter described in detail. 
In accordance with the present apparatus for 

producing these containers, the shaping of the 
body of a blank is first carried out by a series of 
progressive correlated deformative operations to 
form the shoulder 2 and the neck 3, after which 
the reduced mouth is curled back and beaded, the 
necessary Shaping and beading operations to form 
the completed container being carried out in se 
quence. 

For the purpose of referring to apparatus suit 
able for carrying out the method, attention is 75 
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directed to the mechanism disclosed in Figs. 1 and 
2 of the drawings, which will now be referred to 
Without detailed description of the structure 
shown therein. It will be observed that the 
structure is essentially a lathe provided with a 
motor driven chuck head 5 adapted to receive and 
grip a blank 6 therein. Adjacent the chuck head, 
and movable longitudinally with respect to the 
blank, is a carriage 7; and a second carriage 8 is 
provided at the other end of the machine in lieu 
of the usual tailstock. Means are provided for 
effecting raverse of each carriage. The car 
riages and 8 carry tool slides, each equipped with 
suitable Spinning tools, and the slides and tools 
of the carriage 7 are movable at right angles to 
the normal movement of the carriage. The re 
Spective tool slides on each carriage are disposed 
in angular relation about the spinning axis, and, 
in addition to the radial slides on the carriage 8, 
it also is provided with a central slide coaxial 
with the axis of the chuck 5. The carriage is 
longitudinally movable with relation to a templet 
that is adapted to be brought into working posi 
tion with respect to a cross slide carried by the 
carriage 7. One edge of the templet is config 
ured, and the cross slide cooperates therewith to 
impart unitary in and out movements to the tool 
slides and their tools during longitudinal travel of 
the carriage 7 in conformity with the pattern or 
contour of the templet. The cam contour is 
translated into tool movements by means of a cam 
follower and suitable operating connections con 
necting each of the tool slides with the cross slide. 
Preferably, three spinning tools in the form of 
rollers having a rounded periphery are provided 
On the carriage 7, and these tools are inter-con 
nected for unitary movement. The wall of the 
blank is adapted to be progressively brought into 
final desired configuration, and for this purpose a 
Series of progressively contoured templets is pli o 
vided and are successively brought into working 
position one-by-one after each forward or back 
Ward movement of the carriage, the contour depth 
of one can being so correlated to the contolir 
depth of its preceding cam that the shaping of 
the blank will be effected in progressive stages of 
Substantially equal increments. 
With a blank fixed in the chuck and rotating 

at proper Spinning speed, the carriage T is caused 
to travel from its normal position adjacent the 
chuck 5 toward the opposite end of the blank. 
Normally the tools O are out of engagement 
With the periphery of the blank, but at a prede 
termined point determined by the contour of the 
first can or templet, the tools will be moved in 
Wardly simultaneously to engage the periphery 
of the blank and apply deformative pressure 
against the same. This pressure is gradually in 
Creased and, of course, is of sufficient intensity 
to indent or force the wall of the blank inwardly 
and gradually form a groove therein due to the 
rotary movement of the blank. Concurrently the 
radial tool movement positively controlled by the 
first templet during the longitudinal carriage 
movement will cause the metal to flow inwardly 
and longitudinally in a spiral curve ahead of the 
Spinning tools. The deformative pressure exerted 
by the tools to being applied preferably at equal 
angular points around the periphery of the blank 
effectively maintains the blank constantly in nor 
mal Spinning position, thereby overcoming any 
tendency to displace the blank as a unit laterally 
of the chuck 5, thereby permitting the employ. 
nent of high pressure when necessary. The 
length of stroke for the carriage 7 is sufficient to 
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carry the tools f obeyond the unsupported end of 
the blank, and just before the tools reach the 
end of the blank the deformative pressure exerted 
thereby is gradually increased so as to 'cause the 
end of the blank to move inwardly along a curved 
line. At the end of this first pass, the wall of the 
blank is deformed substantially to the shape indi 
cated by the outermost dotted lines in Fig. 1, 
the amount or depth of such deformation being 
positively controlled by the templet. 
Another cam or templet is then brought into 

working position and a second or return pass 
initiated. During this return pass, the wall of 
the blank is further deformed, but, due to the 
fact that the carriage is being moved in a reverse 
direction, the metal is caused to flow in a direc 
tion opposite to the direction of flow during the 
first pass so that the metal is redistributed along 
the Working Zone, thereby restoring the wall to 
substantially its initial thickness. The deforma 
tive pressure is gradually lessened as the tool 
reaches the starting point SO as to blend the con 
tour evolved during the second pass into the 
contour generated by the first pass adjacent the 
starting point. 
These primary shaping passes are repeated as 

often as are required until the required shape has 
been in parted to the blank, as indicated by the 
innermost dotted lines in Fig. , the number of 
passes required therefor and the amount of re 
duction effected at each pass being dependent 
upon and COOrdinated with the gauge and Work 
ing characteristics of the metal and the total 
amount of reduction in diameter required to 
produce a given configuration or contour. The 
Wall of the blankthus can be progressively reduced 
to the desired shape without liability of creas 
ing or folding the metal ahead of the tools, while 
the reversals of the direction of the Successive 
spinning passes under uniform tool pressure pro 
duce such shape without materially changing the 
wall thickness of the blank, although the metal 
will become more dense and somewhat Work hard 
ened. However, by varying the tool pressure along 
a preselected area during Successive passes, the 
wall thickness at such area can be substantially 
increased or decreased at Will, in addition to 
deforming the wall to the desired shape. Such 
pressure control, of course, is effected by Suit 
ably contouring the successive templets at the 
proper points. 
The speed of travel of the carriage 7 is reduced 

for the last Working pass, and the pressure on 
the work is maintained constant throughout in 
order to impart dimensional accuracy to the 
shoulder and neck portions 2 and 3, and the sur 
face of the metal substantially burnished to eradi 
cate the tool markings occasioned by the prior 
heavy tool pressure passes, thus imparting a pleas 
ing finished appearance to the blank. 

It has been found desirable to increase the tool 
pressure at the outer end of the blank, as above 
described, during each forward or odd numbered 
pass so as to turn the open end of the blank in 
wardly along curved lines, which facilitates rapid 
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as to remove any crazed Or scratched surface 
metal that would be liable to cause cracking dur 
ing the beading operations. The scalping oper 
ation preferably is effected at the beginning of 
the shaping Operations and can be manually car 
ried out. 
To form the exterior bead, suitable beading, 

pressing, and trimming tools are carried by the 
radial slides on the second carriage 8 and, in 
addition, a curling tool if and a neck supporting 
plug 2 are carried by the central slide thereof. 

5 

After completing the body spinning operations, 
the carriage 8 is advanced into working position 
adjacent the Open end of the blank, whereupon 
the central slide is advanced so that the plug 
2 enters the neck opening and the curling tool 
engages the edge of the neck 3 and turns it out 
wardly and backwardly. The central slide is then 
retracted to bring the plug 12 into position under 
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lying the curled portion and successively the curl 
closing or beading tool, the pressing tool and the 
trimming tool are actuated in proper order to 
complete the formation of the beaded mouth 4, 
the internal diameter of the mouth being per 
fected and remaining fixed due to the support 
afforded by the plug. 
After removal of the spun container, the point 

of juncture between the bead and the exterior 
periphery of the neck may be completely sealed 
in any suitable manner, as by soldering, to pre 
vent the entry of bacterior or other foreign mat 
ter under the bead, thus rendering the container 
Suitable for use in the dairy industry. 
The improved automatic apparatus incorporat 

ing the process just described will now be de 
Scribed in detail. 
AS best seen in Fig. 1, the supporting frame 

work of the machine, which may be of any suit 
able form, is shown as consisting of a headstock 
housing 5 and a horizontally extended bed 6 
having guideways 7, on which the tool carriages 
and 8 are mounted for traveling movement. 
In the upper end of the housing 5, a hollow 

Spindle shaft f8 is rotatably supported in roller 
bearings f9 and 20, as shown more clearly in Fig. 
3. A V-belt pulley.2f is rotatably mounted on the 
Shaft and is connected with a pulley 22 that is 
Secured to the shaft of an adjustable speed motor 
23 by means of a number of driving belts 24, the 
pulley 2 being adapted to be constantly driven 
thereby. A pair of friction clutches 25 and 26, 
preferably of the multiple disc type, are secured 
to the shaft 8 and each is provided with a ring 
element 2 connected to the housing 5 and to 
the hub of the pulley 2 f, respectively. Clutch 25 
Serves as a brake, while clutch 26 serves to trans 
mit power from the pulley 2 f to the shaft. The 
clutches are arranged to be actuated selectively 
by a common shifting fork 28 having connection 
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reduction of the wall and re-engagement of the 
tools with such curved portion during each Subse 
quent return pass, the tools normally being moved 
past the end of the blank in order to facilitate 
the bringing of the succeeding templet into Work 
ing position. 
The inner wall of the blank along the area that 

is to be curled or turned back to form an exterior 
bead is scalped by any suitable cutting tool So 75 

with a group of slide fingers 29 disposed in cir 
cumferential Spaced relation (one such finger 
being shown in Fig. 3) that are adapted at their 
ends to actuate locking dogs 30 associated with 
the respective clutches. The shifting fork is con 
nected through suitable linkage 3 with a handle 
lever 32. With the handle in the position shown 
in Fig. 1, the brake clutch 25 is engaged and the 
shaft is held against rotation, while the pulley 
clutch 26 is disengaged and the pulley is running 
free on the shaft, 
The work holder or chuck 5 is detachably se 

cured to the forward end of the shaft 8 by 
means of a clamp collar 33. By loosening the 
collar 33, the chuck can be readily removed and 
another chuck of a different size substituted when 
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it is desired to work upon blanks of diameters 
exceeding the adjustable limits of a given chuck. 
The blank 6 is inserted into the open face of the 
chuck and centered and firmly held in Spinning 
position therein, the chuck necessarily being 
adapted to grip the blank with sufficient force to 
resist longitudinal movement of the blank under 
the drag or pull of the spinning tools. 
While any suitable chuck may be employed, 

I prefer to use a hydraulically operated chuck 
having radially movable clamps 34 that are tog 
gle actuated into and Out of clamping position 
by a longitudinally shiftable operating rod 35 that 
extends axially through the hollow shaft 8. The 
rear end of the rod is secured to a piston 36 op 
erating in a rotary cylinder 37 secured to the 
shaft 8. The cylinder is provided with a tapered 
plug seated on ground Surfaces in a fluid dis 
tributor chamber 38 that is provided with axially 
Spaced annular fluid paSSages cooperating with 
ports in the plug leading through separate ducts 
to the opposite ends of the cylinder, as shown in 
Fig. 3. A spool type reversing valve 39 is incor. 
porated in the distributor block 38 to control flow 
and exhaust to and from opposite sides of the 
piston 36 alternately, thereby to actuate or release 
the chuck. The valve 39 is actuated by a con 
veniently located lever 40 which is connected 
through suitable connecting linkage to the stem 
of the valve. 
The first tool carriage 7 comprises a base por 

tion 4 and an upstanding frame or casing 42 
encircling the chuck 5, the casing preferably being 
of channel form in cross section and closed by 
a cover plate 43. The Central portion of the cas 
ing and plate is provided with a large diameter 
bore therethrough arranged coaxially of the blank 
6 and the chuck 5. A power cylinder 44 (Fig. 1) 
is supported within the headstock housing 5 in 
parallelism with and below the shaft f8, and 
Contains a piston operating therein which is se 
cured to a piston rod 45. The piston rod 45 is 
secured to the carriage 7, as shown in Figs, 1 and 
8. Upon admitting fluid pressure to the head end 
of the power cylinder by operation of a starting 
valve 46, the carriage is moved forwardly along 
the ways 7 until a member or dog 47 on the base 
of the carriage actuates a reversing valve 48 se 
cured to the bed 6 to cause reverse travel of the 
carriage. A second dog 49 is provided on the car 
riage to actuate the valve 48 at the end of the 
return stroke of the carriage, the automatic con 
trol of the carriage being hereinafter more fully 
described. The dogs 47-49 are secured to plates 
50 that are longitudinally adjustable on the car 
riage base SO that by adjusting the plates 50 rela 
tive to each other the length of travel of the car 
riage can be controlled, as required. Also se 
cured to each plate 50 is a cam block 5 f for de 
pressing a control valve 52 against the pressure 
of a Self-contained Spring each time the revers 
ing valve 8 is actuated, for a purpose to be 
hereinafter described. 
The spinning tools 0 and their actuating 

mechanism are carried by the carriage 7 and a 
plurality of Such tools arranged in equal angu 
lar relation are employed, as shown in Fig. 4. 
The tools and their slides are identical and each 
comprises a supporting bracket 54 secured to the 
plate 43 and provided with slideways, in which a 
tool slide 55 is mounted. The outer face of the 
slide is recessed throughout its length to form 
lateral guides for an adjusting plate 56. An ad 
justing Screw 57 has threaded engagement with 
the Outer end of the plate 56 and is journalled 

2,388,545 
in a fixed post or block 58 on the outer end of the 
slide 55. Rotation of the screw by means of a 
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crank 59, or other suitable tool, effects longitudi 
nal adjustment of the plate relative to the slide. 
The plate 56 carries a tool holder 60, which is bi 
furcated at its inner end, in which a spinning 
roller 0 is journalled. Clamping bolts 6 f, having 
their heads disposed in a longitudinal recess in 
the underSide of the slide, extend outwardly 
through elongated slots in the slide 55 and 
through the plate 56, the innermost bolt also ex 
tending through the tool holder 60. The clamp 
ing nuts on these bolts, of course, are loosened 
when it is desired to effect adjustment of the 
plate 56 on the slide 55. In addition to the inner 
most bolt 6, the holder 60 is secured to the plate 
56 by a stud bolt 62 extending through an arcu 
ate slot in the holder, the said innermost bolt 
serving as a pivot about which the holder may be 
turned to position the roller 0 at any desired an 
gular position with respect to the longitudinal 
axis of the blank 6. 

It is apparent that radial adjustment of the 
tools ?o in accordance with the diameter of the 
blank is effected by shifting the plates 56 relative 
to the slides 55 by means of the screws 57 without 
disturbing the angular adjustment of the tools, 
and it is unnecessary to change such radial ad 
justment until it is desired to operate upon 
blanks of different diameters. The slides 55, of 
course, are not disturbed by such preliminary ad 
justment of the tools. 
Each slide 55 is provided with a rigidly at 

tached or integral rack bar 64 which is meshed 
with a gear 65 secured to a suitable shaft 66 that 
is journalled in the rear wall of the casing 42 
and in a bearing bracket 67 disposed within the 
casing (FigS. 7 and 8). A sprocket wheel 68 is 
Secured to the shaft 66 around which a driving 
chain 69 extends, the chain when engaged around 
each of the Sprocket wheels forming a triangular 
loop within the casing 42, as best seen in Fig. 7. 
The ends of the chain are affixed to attaching 
blocks 70 and 7 that are Secured to a cross slide 
72. The block TO is adjustably mounted so that 
the chain may be tightened and all slack removed 
therefrom, whereupon movement of a cross slide 
in either direction will be instantly transmitted 
through the chain to rotate the sprockets in uni 
son and to the same degree. Such rotary move 
ment is imparted through the gears 65 to the rack 
barS and the tool slides caused to reciprocate, 
thereby moving the spinning tools radially in and 
out relative to the axis of the blank. It is pre 
ferred to use chains of Small pitch. So that a 
greater number of Sprocket teeth will be engaged 
by the chain and backlash or looseness elimi 
nated. In this case, the chains preferably are 
doubled and double Sprockets are used So as to 
permit transmission of sufficient power without 
overstrain and excessive wear, although a greater 
number of parallel sprockets and chains can be 
employed if necessary. 
The cross slide 72 is mounted in a slideway 73 

in the base 4 of the carriage and is arranged to 
be reciprocated by a double acting power piston 
74 working in a relatively large hydraulic cylin 
der 75 rigidly secured to the carriage. The piston 
is normally centrally located in the cylinder so 
that it is adapted to be moved in either direction. 
Connected to the piston 74 is a piston rod 76 and 
a stem 77, each of equal diameter or area and ex 
tending oppositely from the piston through suit 
able packing glands in the ends of the cylinder. 
The piston rod is connected to an upright angu 
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lar post portion 78 on the cross slide72 to which 
post the chain attaching block 7 is secured. 
The piston rod is provided with a reduced end 
extending through the post and the adjustable 
chain block 70, the end of the rod being threaded 
for the reception of a clamping nut 79 and a lock 
ing nut 80 (Fig. 9). The block 70 also is secured 
to the back leg of the angular post 78 by suitable 
bolts, as best seen in Fig. 9. By this construction 
the nuts 79 and 80 can be adjusted to move the 
block 70 toward the block T, thereby drawing 
the chain 69 taut and serving to prevent slippage 
of the block under the pulling forces transmitted therethrough. 
Flow of fluid to the opposite ends of the cylin 

der 75 is controlled by a valve having a valve 
body 8 mounted on the cross slide 2 for move 
ment therewith (Fig. 10). The valve body is 
bored for the reception of an axially shiftable 
control member or valve spool 82 that extends 
through the ends of the valve body. Along the 
bore in the valve body 8f a series of five annular 
ports are formed, the outer or end ports 83 being 
connected through a passage 84 and constituting 
exhaust ports, the central port 85 forming a high 
pressure inlet, and the two intermediate ports 
constituting outlet ports 86 and 87, respectively. 
The outlet ports are connected through conduits 
88 and 89 (Fig. 7) with the inner or rod end of 
the cylinder 75 and with the outer or stem end 
thereof, respectively. 
The spool 82 is formed with a pair of cut-off 

portions 90 that are arranged to control the Out 
let ports 86 and 87 simultaneously, the width of 
the portions 90 being just sufficient to cut of flow 
through the Outlet ports. At either side of the 
portions 90 the spool is of reduced diameter. 
Thus, with the spool in neutral cut-off or closed 
position, the reduced portions thereof will be dis 
posed opposite the ports 83 and 85, while the 
portions 90 will be in position to just close of the 
outlet ports from communication with the pres 
sure and exhaust ports. 

It will be apparent that the valve is in Con 
plete hydraulic balance, and so long as the valve 
spool remains stationary in its neutral position 
relative to the valve body, no liquid will flow 
through the outlet ports to the cylinder 75. The 
conduits 88 and 89 and the cylinder 75 are con 
stantly maintained filled with liquid which is en 
trapped therein in the neutral position of the 
valve. Any leakage past the low pressure side 
of the cut-off portions 90 to exhaust ports 83 is 
replaced by flow of equal amounts of liquid past 
the high pressure side of the portions 90. How 
ever, upon shifting of the valve spool to the right, 
for example, (Fig. 10) the ports 86 and 87 will 
be opened to exhaust and pressure, respectively, 
so that fluid under pressure will flow through 
the port 87, through the conduit 89, to the outer 
end of the cylinder 75. Simultaneously fluid will 
be exhausted from the inner end of the cylinder 
through conduit 88 and port 86 to exhaust port 
83. Consequently, the power piston will move 
to the right, thereby moving the slide 72 and the 
valve body 8 until the ports 86 and 87 again 
register with the cut-offs 90, whereupon flow 
ceases and piston travel stops by entrapment of 
liquid in the cylinder and connecting conduits. 
Obviously, shifting the valve spool to the left will 
effect the same cycle of movements but in the 
opposite direction. Such cross slide movements 
are imparted to the driving chain 69, and the 
tool slides are reciprocated thereby through the 
connections heretofore described. 
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For shifting the valve spool 82 manually, its 
inner end is connected to one leg of an angle 
arm whose other leg is adjustably clamped to 
a rod 92 that is slidably supported in extensions 
of the bars 7 and 7. At its other end the rod 
is provided with a head 93 slidably disposed in 
a hollow sleeve 94 that extends through a boss 

on the casing 42 in screw threaded engage 
ment therewith. The sleeve iš provided with a 
handwheel or crank 96, by means of which it 
may be rotated. With the head 93 of the rod 
in engagement with the end wall of the sleeve 94, 
the valve spool 82 is restrained thereby against 
outward movement under the influence of a load 
ing Spring 97 interposed between the end wall of 
a cap 98 on the inner end of the valve body 8 
and a shoulder 99 on the valve spool. Move 
ment of the valve body under the spring pressure 
is prevented by the liquid trapped in the cylinder 
75, the spring serving to prevent valve chatter 
at the point of cut-off. The crank may be uti 
lized to screw the sleeve in or out of the boss 95 
and through the rod 92 to shift the valve spool, 
thus manually controlling the operation of the 
spinning tool fo. The sleeve is screwed inwardly 
to its innermost position when the valve is to be 
can Controlled SO as to allow the rod to slide-- 
freely relative to the sleeve. 
The outer end of the spool 82 abuts an aligned 

push rod or plunger 00 that is slidably sup 
ported in a bracket 10 secured to the valve body 
8. A light spring 02 interposed between the 
bracket of and a stop or washer on the plunger 
00 serves to maintain abutting engagement be 

tween the spool and the plunger at all times. A 
cam follower or roller 03 is carried by the plung 
er 100 and is held in contact with the configured 
edge of one of the cams or templets of a rotary 
pattern controlling device O4 by the action of 
the valve spring 97. 
The pattern device O4 is carried by a shaft 
05 that is supported at its ends in brackets 06 

and 0 in parallelism with the spinning axis of 
the blank and laterally in fixed spaced relation 
thereto (Fig. 2). The valve spool 82 and the 
shaft 05 are disposed with their axes in a com 
mon horizontal plane and in right angle relation 
so that during travel of the carriage 7 the roller 
103 will ride on the interposed horizontal tem 
plet of the pattern device. 
The pattern device O4 comprises a series of 

elongated templets fo8 radially disposed edge 
wise about a common axis and secured at their 
ends in radial slots formed in the inner faces of 
circular end blocks or plates 109 and ff0. The 
templets are equally spaced and are adapted to 
be brought into interposed operative position one 
by-one by a step-by-step movement of equal in 
crements imparted to the shaft O5 by the oper 
ation of suitable indexing mechanism to which 
the shaft is operatively connected at One end. 
During indexing movement, the carriage 7 will 
be stationary and the roller 03 will be positioned 
against the periphery of either of the end plates 
09 or 0. All of the templets of One set are 

brought successively into working position dur 
ing one full revolution of the shaft. 
The outer edges of the templets, which all to 

gether constitute a cooperative series or set, are 
contoured or configured in accordance with a 
predetermined pattern or shape which it is de 
sired to impart to the blank, but on Successive 
templets of a set the depth of such desired pat 
tern is progressively increased, as diagrammat 
ically illustrated in Fig. 16, so that there will be 
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effected a progressive deformation of the wall 
of the blank into final desired shape by a se 
ries of working passes. The number of templets 
required to make up a given set depends some 
what upon the working characteristics of the 
metal of the blank, the ratio or amount of de 
formation required to produce a given shape 
without collapsing or creasing the wall, the com 
pressive resistance of the material, etc., all of 
which factors are determinative. Also, the con 
touring of the successive cams will be coordinated 
with respect to the shape to be produced, since, 
if the shape desired in outline has shallow and 
deep portions, the shallow portions thereof can 
be completely formed during early working passes 
and subsequent working passes utilized to com 
plete the formation of the deep portions. 
The templets may be made of any suitable ma 

terial and can be either a fibrous or metallic 
material because they are subject only to a 
very low working pressure. It will be seen that 
the cam follower pressure is that exerted by the 
spring 97 and tool moving pressures are gen 
erated hydraulically. Thus, the cams and the 
cam follower are not subject to excessive wear, 
nor is there a possiblility of the templets being 
deflected laterally, since very low can follower 
pressures are employed. Consequently, the can 
contours are hydraulically translated into corre 
sponding tool moviments very accurately and un 
desirable variations in such translation are elimi 
nated. 
Referring to Figs. 11 to 14, inclusive, the in 

dexing mechanism comprises a jack shaft 2 
journalled in suitable spaced bearings on the 
bracket (OT and has an enlarged end 3 formed 
with a socket therein for the reception of the 
end of the shaft 05. Driving connection be 
tween the two shafts may be established in any 
suitable manner, as by means of a spline or key, 
or the socket and end of the shaft 0.5 may be 
of non-circular cross section. A drum i 4 is se 
cured to the enlarged end of the shaft fl2, and 
encircling the drum is a split brake band 5 
carried by a pivoted arm 6. The band 5 car 
ries friction elements or shoes that are pressed 
against the periphery of the drum under adjust 
able tension by a spring mounted on an arm 
carried by ears on the split ends of the band. 
The friction device is provided to subject the jack 
shaft to sufficient resistance to prevent free turn 
ing and overrunning when the shaft is indexed. 
A clutch of the one-way roller type is mount 

ed on the shaft. ff2, the driving element 8 
thereof being adapted to impart rotary move 
ment in one direction only to the driven ele 
ment 9 thereof, the latter element being fixed 
to the shaft. Secured to a hub portion 20 of 
the clutch element 8 is a gear 2 that meshes 
with a segmental gear 22 that is secured to a 
rock shaft 23. The rock shaft is supported in 
suitable bearings on the bracket 07 and car 
ries a depending arm 24 whose lower end is 
slotted and engages opposite sides of a pin 25. 
The pin (25 is carried by a cross head 26 

which is slidably supported in guideways 27 
formed in the side wall of the bracket 07. At 
one end the cross head 26 is provided with a 
tongue 28 having a slightly elongated slot 29 
therein through which extends a pin 30 car 
ried by spaced arms of a clevis f3, the tongue 
28 lying between the arms of the clevis. The 

clevis is secured to a piston rod 32 which is con 
nected to a piston working in a cylinder 33 for 
effecting reciprocation of the cross head and 
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Oscillation of the gear segment 22, the shaft 
f 2 being advanced one step by outward move 
ment of the cross head. 
The guideway 27 for the cross head 26 is 

provided with a cover plate 34 on which is 
mounted guides 35, slidably supporting a cam 
bar 36 for movement perpendicular to the 
movement of the cross head. The cam bar car 
ries on its inner face an inclined double faced 
can lug 37 normally positioned in the path of 
movement of an extended portion of the pin 30. 
The plate 34 is cut away sufficiently to accom 
modate the respective movements of the cam 
lug 37 and the extension of the pin 30. 

It will be seen that when the piston of the 
indexing cylinder moves outwardly, the clevis 
3f and the pin 30 will be advanced without 
moving the cross head due to the lost motion 
provided by the elongated slot 29. During this 
free movement, the pin 30 engages the inclined 
underside of the cam lug 37 and forces the bar 
36 upwardly and raises an arm 38 that is 
Secured at One end to a shaft 39 journalled 
on the bracket 07, the arm 38 being yieldably 
urged downwardly by a spring 40. The rock 
ing movement thus imparted to the shaft 39 
Swings an arm 4 that is slidably clamped there 
on outwardly and withdraws a tapered centering 
and locking pin 42 carried on its outer end 
out of one of an annular series of equally spaced 
holes in the periphery of a selector drum 43 
that is Secured to the shaft. Initial release of 
the drum and the shaft 2 is thus effected as 
the pin 30 slides under the cam lug 37 and 
engages the end wall of the slot 29, after which 
the cross head 26 is moved outwardly and 
through the pin f25 and arm 24 turns the shaft 
23, thereby moving the gear sector 22 and 

driving the gear 2 in a clockwise direction, as 
viewed in Fig. 11. The one-way clutch is ar 
ranged to transmit power from the driving ele 
ment f8 to the driven element f9 when rotated 
clockwise, and thus the shaft f2 and all the 
elements connected thereto are indexed one step. 
As the pin 30 noves past the cam lug i 37, the 

spring 40 moves the arms 38 and f4 in the re 
verse direction, so that the locking pin 42 bears 
against the drum 43 for movement into the next 
hole of the series at the end of the indexing 
stroke. To terminate the indexing movement, a 
nose 44 is provided on the outer end of the cross 
head 26 to engage one of the stepped portions f 45 
(Fig. 13) of a transverse abutment member 46 
that is slidably supported adjacent its ends in 
suitable guides formed in the bracket fol. The 
depth of the steps 45 is graduated relative to 
each other so that by shifting the member 46 
longitudinally to position a given step opposite 
the nose f44 the length of forward travel of the 
CrOSS head is controlled, the Selection of the 
proper step giving a length of travel sufficient to 
move the shaft 2 through an angular distance 
equal to the spacing between the holes in the 
drum 43 of one annular series thereof. Of 
course, the number of holes provided in the annu 
lar Series corresponds to the number of templets 
08 provided in the pattern controlling device 04, 
whereupon at each indexing operation the suc 
ceeding templet will be brought into workingpo 
sition and centered in alignment with the path of 
travel of the valve roller fo3 by entry of the pin 
42 into the next hole in the drum. The walls of 
the holes preferably are tapered to facilitate entry 
of the pin and centering of the templets thereby. 

Indexing operations are effected at the end of 
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each forward and backward travel of the carriage 
T. During movement of the carriage the cross 
head 2 is retracted to the position shown in Fig. 
13 by fluid pressure admitted to the rod end of 
the cylinder 33. During retraction the gear 2 
turns idly with respect to the shaft f2 and the 
pin 3e engages theupper side of the cam lug 37, 
thereby camming the bar 36 downwardly against 
the tension of a spring 47, which spring snaps 
the bar into engagement with the arm 38 after 
passage of the pin 30. The locking pin 42, 
therefore, is not disturbed during such restoration of the indexing mechanism. A lug 48 on one 
side of the sector 22 engages a boss on the 
bracket OT and arrests retractive movement of 
the various parts in completely retracted position, 
the frictional device if 4-5 assuring that the 
lost motion between the clevis 2 and the cross 
head 26 is taken up preparatory to the next indexing Operation. 
The selector drum 43 is provided with a num 

ber of sets of an annular series of holes spaced 
apart axially of the drum, as shown in Figs. 12 and 
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14. The number of holes in each set and, there 
fore, their angular spacing are preselected, and it 
is preferred to use an even number of holes in each 
set so that the carriage can be reciprocated 
through a spinning cycle and the cycle initiated 
and terminated from the same point, preferably 
with the carriage in its retracted position. Of 
course, when a pattern device having a greater or 
lesser number of templets than the one shown is 
employed, the arm 4 will be shifted along the 
rock shaft 23 to register the pin 42 thereof 
with the set of holes in the drum having a num 
ber of holes that corresponds with the number of 
templets of the substituted pattern device. 

In order to change the length of stroke of the 
cross head automatically into conformity with the 
requirements of the hole spacing of the selected 
annular set, the arm 4 is provided with a de 
pending finger 50 engaged in a kerf or slot in 
the upper side of the member 46, and shifting of 
the arm f4 results also in shifting the abutment 

6. The axial spacing between the sets of holes 
in the drum 43 is the same as the width or spac 
ing of the stepped portions f45 of the abutment 
46, whereupon, regardless of which set of holes 

is selected and the arm 4 moved into registry 
therewith, the member 46 also will be moved to 
position the proper step 45 opposite the nose 44 
of the cross head 26. For each set of holes hav 
ing a given Spacing the depth of the stepped por 
tion therefor will allow sufficient cross head 
travel as to effect the required angular movement 
of the drun f43. 
As shown, the drum is provided with six sets of 

holes, but, of course, the indexing mechanism can 
be designed to provide for any desired number of 
sets of holes as desired. Also, the number of 
holes in each set progressively increases by two, 
beginning at the right side of the drum. Con 
sequently, the depth of the abutment member in 
creases in steps from its outer end inwardly so 
that maximum cross head movement is permitted 
when the selector arm 4 is in registry with the 
right-hand set of holes. 
As beforestated, the shaft 105 has driving con 

nection with the socket of the jack shaft, which 
connection is established merely by inserting the 
shaft 05 endwise into the socket. At its other 
end, the shaft 05 slidably extends through its 
bearing in the bracket f OS, which construction 
facilitates withdrawal of the shaft 05 for re 
moval and replacement of the pattern controlling 
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7 
device 4 as desired. The pattern device is fixed 
in operative position against axial movement by 
suitable stop collars 52, and it has driving con 
nection with the shaft, as by means of a suitable 
key or the like. 
Control cams 3,54, and 55 are carried by 

the shaft los (Fig. 2), cams 153 and 54 being 
adapted to actuate directly control valves 5B and 
57, respectively, for controlling certain opera 

tions, as hereinafter described. Each of the cams 
is angularly adjustable relative to the shaft, for 
which purpose they may be secured by bolts is 
(Fig. 15) extending through circumferentially 
elongated slots in the cam discs and through 
flanges formed on supporting members 59 that 
are Secured to the shaft O5. The cams 54 and 
55 are disposed on opposite sides of the shaft 

bearing on the bracket 06 so as to secure the 
shaft 05 against endwise movement (Fig. 2). 
As best seen in Figs. 1, 2, and 7, a lever 60 is 

pivoted at 6 on the bracket 06 and carries a 
roller 62 at its upper end which is urged toward 
the periphery of the cam 55 by a spring 63 
connected to the lever below the pivot 6, a stop. 
bar 64 serving to limit movement of the lever in 
One direction. The lower end of the lever 60 is 
connected by a link 65 to an arm 66 that is 
secured to a rod 67 supported along the side of 
the bed f6, and which carries another arm 68 
to the lower end of which is connected one end of 
a telescoping pull rod that extends across the 
bed f6. The pull rod comprises a tube section f69 
and a headed rod section. To which is slidable 
in the tube, a spring interposed between the 
head of the rod and the opposite end wall of the 
tube normally maintaining the parts in contracted position. 
The Outer end of the rod 70 is connected to an 

arm 2 clamped to the stem of a metering valve 
f74. The valve 4 is of a well known type and 
is connected in the hydraulic circuit of the power 
cylinder 44 to control the rate of flow of fluid 
therethrough. The valve is initially adjusted, as 
by means of a handle 75 on the valve stem, to 
such a rate of flow as to effect a predetermined 
fast rate of travel for the carriage 7. After ad 
justing the valve to the desired open position, 
the clamp for the arm 72 is tightened and there 
after the valve is moved toward its closed position 
under control of the cam 55. The throw of the 
lever 60 transmitted through the pull rod is sufi 
cient to effect complete closure of the valve. How 
ever, a thumb screw 76 is adjustably disposed in 
the path of the handle 75 to stop closing move 
ment and the flow through the valve so limited 
as to impart a predetermined slow speed to the 
carriage. It is apparent that when the screw is 
set to limit closure of the valve and is engaged 
by the handle 75, the spring will be com 
pressed and the tube 69 and rod 70 merely ex 
tended to accommodate for the full throw of the 
lever 60. After the slow speed traverse of the 
carriage, the lobe of the can 55 is indexed past 
the roller 62 and the valve 74 is moved to its 
initial open position by the springs í 63 and 17 f. 

Referring now to Figs. 1, 2, and 17 showing the 
second carriage 8 hereinabove referred to, it is 
disposed at the rear end of the bed f6 and is mov 
able toward the open end of the blank 6 by a 
piston connected thereto and working in a cyl 
inder 80. The cylinder 80 is mounted on a cen 
trally disposed slide plate 8 supported on slide 
ways at the top of the bed 6. Secured to the 
underside of the plate f8 f is a nut member 82 
having Screw threaded engagement with a screw 
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shaft 83 that is journalled at its ends in fixed 
bearings 84. The screw carries a handwheel 85 
by means of which it may be rotated to move the 
slide plate 8t, its cylinder 80, and the carriage 
8 as a unit along the bed 16. The cylinder 80 
and its piston are provided to advance the car 
riage 8 into operative position adjacent the open 
end of the blank 6 by movement of the piston 
from the rear end of the cylinder to the other 
end thereof, the beading tools disposed at the 
front face of the carriage thereby being properly 
located with respect to the open end of the blank. 
Initial adjustment of the carriage to accommo 
date blanks of a given length is effected by man 
ual operation of the handwheel 85, and this 
adjustment need not be changed until blanks of 
a different length are to be operated upon. 
The coaxial slide on the carriage 8 comprises 

a non-rotatable slide bar 86 having the plug 2 
rotatably mounted thereon in position to enter 
the neck opening. The plug 2 is provided with 
a beveled leading edge to facilitate entry there 
of, the diameter of the plug corresponding to 
the inside diameter of the neck 3. The other 
end of the bar 86 is connected to a piston 
working in the cylinder 87 by means of which 
the bar is reciprocated relative to the carriage. 
Behind the plug, two diametrically opposed curl 
ing rolls are disposed to engage the edge of the 
neck wall, the periphery of the rolls being suitably 
shaped to curl the neck wall outwardly and back 
wardly during forward movement of the slide 85. 
Each roller is journalled in a block 88 that is 
supported for radial adjustment on a guide plate 
f89 secured to an annular flange 90 integral with 
the bar 86. After curling the neck wall, the slide 
86 is retracted by the piston in the cylinder 8, 

in which retracted position the flange 90 abuts 
the face of the carriage 8 and the plug 2 will be 
in substantially the neck supporting position 
shown in Fig. 18. The curling rolls f and their 
supports will not, therefore, interfere with the 
subsequent operation of the radial beading tools 
that are carried by radial tool slides on the face 
of the carriage. 
The tool slides are substantially similar to the 

tool slides on the carriage 7, but their supporting 
brackets 9 are U-shaped to overlie operating 
cylinders 92 supported in suitable recesses in the 
face of the upright portion of the carriage, as 
shown more clearly in Figs. 18 and 19. The piston 
in each cylinder 92 is connected to a depending 
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lug 93 on the underside of the slide 94 on which 
slide a bracket 95 is adjustably mounted. A tool 
holder 196 is secured to the bracket 95 by means 
of clamping bolts extending through elongated 
slots in an upstanding portion of the bracket, by 
Which means a tool 97 journalled in the inner 
end of the holder can be adjusted to desired per 
pendicular or angular position with respect to the 
longitudinal axis of the blank. One of the slides 
94 carries a suitable knife 98 for trimming the 
beaded edge of the blank, and the other slides 
carry Suitable bead closing and pressing rollers, 
respectively. A stop block 99 is provided to limit 
the inward movement of the knife slide, the other 
Slides being moved the full length of the piston 
stroke. 
Each slide 94 carries a cam bar 200 for actu 

ating a valve 20 l associated therewith for ini 
tiating the Operation of the slide successive ther? 
to. Preferably the tools are so arranged around 
the periphery of the blank that the beading and 
trimming operations are performed sequentially 
by operation of Substantially diametrically oppo 
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site tools so as to eliminate any possibility of 
interference with each other. A valve 202 (Fig. 
2) is associated with the central slide 86, and 
this valve is arranged to be actuated during re 
traction of the slide by a cam 203 pivotally 
mounted on a plate 204 that is secured to the bar 
86, the cam being spring biased against a stop 
205 on the plate 204. During advance of the 
slide 88 the cam 203 is turned away from the 
stop 205 until it can be snapped past the valve 
stem by the biasing spring, but during retractive 
movement, the stop 205 prevents such turning and 
the cam, therefore, depresses the valve to initiate 
the next bead forming operation. 
While the two carriages 7 and 8 and the index 

ing mechanism may be actuated by any suit 
able means and their movements correlated with 
respect to each other by hand control or suit 
able mechanical control mechanism, I prefer to 
employ a hydraulic control system therefor in 
the interest of simplicity and economy of oper 
ation. The operation of the machine in a man 
ner to carry out the process as heretofore de 
Scribed for producing completely spun receptacles 
or containers of Substantially uniform wall thick 
ness will now be described in conjunction with 
the hydraulic control system, as shown diagram 
matically in Fig. 21. The system is arranged to 
effect automatic Operation of the first carriage 
and its tools to spin the body of the blank to 

the desired shape by repeated working passes 
effected in opposite directions, the indexing mech 
anism being indexed one step at the end of each 
traverse of the carriage. Thereafter the beaded 
mouth is formed by the automatic sequential 
operation of the beading tools of the second car 
Tlage. 
Referring now to Fig. 21, high pressure oper 

ating fluid, preferably oil or other inelastic fluid, 
is supplied from a suitable source to a pressure 
conduit 206 which is connected to the inlet ports 
of the various control valves. A common dis 
charge or exhaust conduit 207 is connected to 
the exhaust ports of such valves for returning 
liquid to a suitable tank or sump for reuse. A 
Separate source of high pressure fluid is supplied 
to a conduit 208 that is connected to the inlet 
port of a transfer valve 209 for supplying oper 
ating fluid of constant pressure to the inlet port 
85 of the cross slide valve 81-82. It is essential 
to provide this separate source of fluid for actu 
ating the piston 74 in the cylinder 75 in order 
that movement of the cross slide T2 and the tools 
0 will not be affected by fluctuations in fluid 

pressure. The valve 209 is a manually operated 
four-way Spool valve, and normally its spool is 
in its left-hand position with the inlet port Open 
to an outlet port 20 and with its exhaust port 
open to an outlet port 2. The port 20 is con 
nected to the inlet port 85 and also to the rod 
end of the cylinder 80. The outlet 2 is con 
nected to the head end of the cylinder 80. Thus, 
fluid pressure is supplied to the valve 8-82 
for actuating the cross slide 72 and also for main 
taining the carriage 8 in its retracted position 
during Operation of the carriage 7. 

For the purpose of controlling the advancing 
Speed of the carriage 7 and maintaining it in 
retracted position, fluid pressure is applied con 
stantly to the rod end of the power cylinder 44. 
This pressure is supplied from the conduit 206 
through the metering valve 74 whose outlet 22 
is connected directly to the rod end of the cylin 
der 44. The outlet 22 is also connected to one 
of the Spool controlled pressure ports 23 of the 
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cam actuated valve 56, the other pressure port 
being connected to the inlet port of a hydrau 
lically actuated four-way spool valve 24. The 
valve 56 also is provided with a pair of exhaust 
ports 25 that are connected to the conduit 20 
and the exhaust port of the valve 24, respectively. 
The valve 56 is provided with a spring for mov 
ing the spool 26 into its extended position, the 
spool being held in depressed position by the 
cam 53, as shown during forward travel of the 
carriage 7. In this position of the spool the pres 

O 

sure ports 23 are open but the exhaust ports 215 
are blocked. Fluid pressure is thus supplied from 
the conduit 206 through the metering valve 4, 
through the pressure ports 23 of the valve 56, 
to the inlet port of the valve 24, but the Spool 
thereof is in its position blocking flow from the 
inlet port to outlet port 2 which is now open 
to the exhaust port. The outlet port 2 is con 
nected to the head or rear end of the power cylin 
der 44. 
Actuation of the valve 24 is controlled by the 

four-way reversing valve 48 whose outlets F and 
R are connected to the opposite ends of the valve 
24 to shift the spool alternately in opposite direc 
tions. In the retracted position of the carriage 7 
the Outlet port R is Open to the exhaust port, 
while the outlet F is open to the inlet port which 
is connected to the outlet port 28 of the starting 
valve 46. Walve 46 also is of the four-way spool 
type whose spool is manually shifted in one direc 
tion into its starting position and hydraulically 
shifted in the other direction into its off position. 
With the carriages 7 and 8 retracted (Fig. 1), a 

cup-like blank is inserted into the stationary 
chuck head 5 and the lever 40 depressed to ac 
tuate the valve 39, whereupon the fluid pressure 
connections leading to opposite ends of the rotary 
cylinder 37 are reversed and the piston 36 moved 
therein to shift the rod 35 and actuate the cen 
tering and clamping members in the chuck head 
into gripping engagement with the blank adja 
cent its bottom wall. The lever 32 is then moved 
to its running position whereby the clutch 25 is 
disengaged and the clutch 26 engaged and the 
blank rotated, the spinning speed of the blank 
being regulated as desired by adjustment of the 
motor 23. It will be seen that the cross slide roller 
03 engages the periphery of the end plate flo of 

the pattern controlling device 04, and the spin 
ning rollers 0 are thereby held out of engagement 
with the side wall of the "blank. Also, the first 
templet f08 is in interposed working position for 
movement of the roller fo3 along its contoured edge. 
The starting valve 46 is then manually actu 

ated to shift its spool to the left to initiate the 
automatic cycle of operation for spinning the 
body of the blank to the desired shape. Shifting 
of the valve spool results in supplying operating 
pressure from the conduit 206 to the inlet port 
of the reversing valve 48 and thence through the 
port F to the right hand end of the pilot valve 
24, whereupon the spool thereof is shifted to 
the left to block the exhaust port and to estab 
lish communication between the inlet port and 
the outlet 27. Fluid pressure is thus admitted to 
the head end of the cylinder 44 behind the pis 
ton therein in Opposition to the pressure con 
stantly applied at the rod end of the cylinder. 
Due to the presence of the piston rod 45, the 
area of the piston at the head side is greater 
than its area at the rod side, and, therefore, the 
carriage moves forwardly with respect to the 
longitudinallyfixed blank6 and the pattern con 
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trolling device 04. However, the area of the 
piston rod is so selected as to provide a 2 to 1 
ratio in piston areas, whereupon it will be appar 
ent that advancing and retracting movements of 
the carriage will be effected at the same rate by 
reason of the manner of admitting fluid to the 
opposite ends of the cylinder. 
Obviously, during movement of the carriage 

longitudinally of the blank 6 and the pattern de 
vice lO4 With the roller 03 riding on the con 
toured edge of the first templet 08, the valve 
spool 82 will be shifted axially in and out rela 
tive to the valve body 8 in accordance With the 
elevations and depressions present on the templet. 
As heretofore described, whenever the valve spool 
82 is shifted relative to the valve body 8, the 
flow of fluid pressure to and from opposite ends 
of the cylinder 75 is controlled at the ports 86 
and 87, the piston 74, the cross slide 72, and the 
valve body 8 moving as a unit in the direction of 
movement of the spool 82. In other words, the 
valve body is caused to follow substantially in 
stantaneously the movements of the valve spool 
in an endeavor to bring the ports 86 and 87 into 
registry with the cut-off portions 90 of the spool. 
The movements of the cross slide are trans 

mitted through the chains 69 to the sprockets 68 
and their shafts 66, and such movements are im 
parted through the gears 65 and rack bars 64 to 
reciprocate the tool slides and their tools fo 
Simultaneously, the extent of movement of the 
cross slide and the tools to being substantially 
equal. In this manner the contour of the cam is 
translated into tool movements with precision 
and accuracy and at any desired operating pres 
Sure independently of the pressure exerted 
against the templet. Thus, very light templets 
of any suitable material may be employed with 
Out introducing a characteristic which might tend 

40 to impair the accuracy of the tool movements. 

45 

50 

55 

60 

70 

Referring to Fig. 16, as the carriage 7 travels 
between the points indicated by the letter X, the 
roller 03 passes of the end plate O onto the 
contoured edge of the templet 108 which is gradu 
ally sloped inwardly. As the roller moves along 
the sloping portion of the templet, the spring 97 
causes the valve spool 82 to shift outwardly rela 
tive to the body 8, and this movement is trans 
mitted to the spinning tools 0 by movement of 
the cross slide. The tools 0, therefore, are 
brought into engagement with the outer surface 
of the wall of the blank at the desired point be 
hind the open end of the blank. As the carriage 
moves between the points indicated by the letter 
Y, further movement of the roller 03 is effected 
and, consequently, commensurate movement is 
hydraulically imparted to the spinning tools 0. 
The wall of the blank is rolled inwardly under 
the hydraulically applied tools pressure and dis 
placed longitudinally in a spiral direction. The 
amount of "bite' or reduction in diameter taken 
during the first working pass, and also during 
Subsequent working passes, is coordinated with 
the working characteristics of the metal and pref 
erably is such as not to cause creasing or folding 
of the annular wall at points ahead of the spin 
ning tools. As the tools approach the Outer end 
of the blank, the contour of the templet is such 
that the tools are forced inwardly to cause the 
end of the blank to be turned inwardly along all 
arcuate line. Thereafter, the carriage is moved 
between the points indicated by the letter Z to 
carry the tools beyond the end of the blank and 
move the roller fo3 onto the periphery of the end 
plate 09. In Order to facilitate indexing Opera 
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tions wherein the end plate 109 is rotated rela 
tive to the roller 03, the diameter of the plate 
O9 is made equal to a mean diameter that is 

equal to approximately one-half the difference 
between the maximum and minimum diameters 
of the blank between its unreduced body portion 
and the reduced neck portion 3 thereof. 

Forward movement of the carriage is termi 
nated when the dog 47 actuates the valve 48 to its 
other position to open the inlet and exhaust ports 
thereof to the ports R and F, respectively. Thus, 
fluid pressure is admitted to the left-hand end of 
the valve 24, and its spool is shifted to the right 
to block the inlet port thereof and open the port 
27 to the exhaust port. However, the carriage 
does not begin to retract immediately because 
exhaust from the rear end of the cylinder is pre 
vented by the valve 56 which maintains the ex 
haust ports 25 closed until after completion of 
an indexing operation. During advancing move 
ment of the carriage the forward cam block 5 
is moved past the indexing valve 52, and its spool 
is extended by the spring contained therein to 
reverse the fluid pressure connections to the op 
posite ends of the indexing cylinder 33, where 
upon the cross slide 26 is retracted and the in 
dexing mechanism thereby prepared for an in 
dexing operation. 

Substantially simultaneously with the opera 
tion of the reversing valve 48, the rearmost cam 
block 5 depresses the spool of the valve 52, there 
upon admitting fluid pressure to the head end 
of the cylinder 33. Thereby the indexing mech 
anism is actuated in the manner heretofore de 
scribed to move the shaft 05 and pattern device 
04 one step to bring the next templet into inter 

posed working position, the templet being cen 
tered and locked in this position by entry of the 
locking pin 42 into the hole in the locking drum 
43. As the shaft 05 is turned, the cam 53 
moves past the stem of the valve 56 and presents 
thereto a depressed portion which permits the 
spring in the valve to move the Spool 26 into po 
sition to block the pressure ports 23 and open the 
exhaust ports 25. Exhaust of fluid pressure 
from the rear end of the cylinder 44 is thereby 
permitted, and the constantly applied fluid pres 
sure at the front end of this cylinder causes the 
piston to be moved rearwardly and the carriage 
is retracted thereby. 
During the retractive movement the rollers 10 

are brought into engagement with the inturned 
outer end of the blank and the blank subjected to 
a second shaping operation. But in this pass the 
metal is caused to flow longitudinally in the re 
verse direction. The metal is thereby redistrib 
uted along the working zone and the gauge or 
thickness of the wall of the blank maintained 
substantially uniform. As the tools near the 
starting point of the first paSS, the cam contour 
is such as to effect lessening of the deformative 
pressure so as to blend the second pass contour 
into the contour of the first pass. Also, during 
this retractive movement, the indexing valve 52 is 
extended to restore the indexing mechanism into 
position for another indexing operation. 
The retractive movement is terminated when 

the dog 49 and cam 5 actuate the reversing valve 
48 and the indexing valve 52, respectively, the 
spool of the valve 24 being shifted into its left 
hand position. 
The shaft fos is moved one step to bring the 

next cam or templet into working position and 
the cam 53 thereon depresses the valve 56 to 
initiate another forward movement of the car 
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riage. This inter-related indexing and carriage 
traverse movement is carried out until all of the 
templets of the pattern controlling device 04 
have been successively brought into workingpo 
sition and their contours translated into radial 
tool movements to work the blank into the desired 
final contour. , 
Upon indexing of the last shaping templet into 

working position, the cam 55 actuates the lever 
60, and through the telescopic pull rod 69-70 

actuates the metering valve 74 for slow speed 
operation of the carriage, as heretofore described, 
whereupon during this final shaping pass the car 
riage is moved at a slow rate of Speed and the 
tool markings on the work Substantially elimi 
nated due to the imposition of substantially uni 
form pressure throughout the entire length of 
the worked or shaped portion of the blank. This 
last finishing pass also results in imparting exact 
shape to the blank with extreme dimensional ac 
curacy. The final working pass ends with , the 
carriage 7 in advanced position and the indexing 
mechanism is actuated to bring the last templet 
into working position. The shape of this last 
templet is such that the rollers í 0 are maintained 
out of engagement with the shaped blank during 
retraction of the carriage. 
The indexing step preceding the final retractive 

stroke of the carriage moves the cam 55 out of 
engagement with the lever 60, thereby permit 
ting the metering valve 74 to move to its open 
position. The indexing step also results in op 
eration of the valve 157 by the cam 54, thereby 
closing the exhaust circuit through the valve and 
opening the inlet port 220 to the outlet port 
thereof. The outlet port is connected to the left 
hand end of the starting valve 46, while the inlet 
port 220 is connected to the outlet of the indexing 
valve 52 in series with the circuit leading to the 
rod end of the cylinder 33. 
During final movement of the carriage to re 

tracted position, the spool of the valve 52, of 
course, is permitted to move to its extended po 
sition, whereupon fluid pressure is admitted to 
the rod end of the cylinder f33 to retract the 
indexing mechanism and also supply pressure 
through the open ports of the valve 57 to move 
the spool of the starting valve 46 to the right into 
its normal off position. As a result of this oper 
ation, it will be seen that fluid pressure to the 
outlet 28 is blocked and that this port is opened 
to exhaust. Thus, the supply of fluid preSSure 
to the inlet port of the reversing valve 48 is in 
terrupted. Consequently, when the carriage 
again actuates the reversing valve 48 at the end 
of its retractive stroke, there will be no pressure 
supplied to shift the spool of the valve 24, and 
this valve remains in position blocking pressure 
fow to the rear end of the cylinder 44 SO that 
the carriage will be retained in its retracted po 
sition. However, the indexing valve 52 is moved 
to depressed position, whereupon fluid pressure 
is admitted to the outer end of the cylinder 33 
and the indexing mechanism actuated to move 
the first templet of the pattern controlling de 
vice 04 into working position, The indexing 
movement also results in depression of the spool 
26 by the cam 53, thereby to open the pres 
sure ports 23 and to close the exhaust ports 
25, thus preparing the hydraulic system for a 
repeated cycle of Operations. 
In Order to form the bead on the mouth of the 

container, the transfer valve 209 is manually ac 
tuated to supply pressure to the Outlet 2 and to 
connect the 'outlet 20 to exhaust. This results 



in removing pressure from the inlet port 85 of 
the cross slide valve, and also effects advance 
ment of the carriage 8 by admitting fluid pres 
sure to the head end of the cylinder 80 and con 
necting the rod end thereof to the exhaust line 
207. Fluid pressure from the outlet 2 is also 
supplied to a series of metering valves 22, 222, 
223, and 224 in the circuit of each of the slides on the carriage 8 for individually controlling the 
Speed of Operation thereof. This pressure also 
is supplied to the inlet ports of various of the con 
trol valves associated with each tool slide. 
With the carriage 8 in advanced position, the 

slide carrying the trimming tool. 98 is moved 
inwardly into engagement with the outer edge 
of the neck portion of the blank momentarily to 
trim the neck and form an inclined edge there 
on. The trimming Operation is effected by man 
ually operating a valve 225 to supply fluid pres 
sure through the valve 22 to the right-hand 
end of a valve 226, thereby shifting its spool to 
the left, whereupon fluid pressure from the me 
tering valve 22 is admitted to the head end of 
the cylinder associated with the knife slide. The 
knife slide, therefore, moves inwardly to engage 
the blank with the trimming tool 98, inward 
movement of the slide being limited by the stop 
99. The cam 200, associated with the knife 

slide, is arranged to actuate the impulse valve 20 
to initiate actuation of the next tool slide. 
A valve 228 of a sequential by-pass type well 

known in the art is interposed in the circuit lead 
ing from the valve 226 to the head end of the 
knife slide cylinder. When the knife slide en 
gages the stop 99, pressure in the sequence valve 
builds up to a point Sufficient to actuate a Spring 
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tool f is pressed against the edge of the neck 
wall and curls it outwardly and backwardly. Due 
to the functioning of the pivoted can 203, asso 
ciated with the central slide 86, the impulse 
valve 202 is actuated upon the retractive move 
ment of the central slide, which retraction is 
effected upon operation of the sequence valve 232 
and the operation of the valves 230 and 23 to 
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pressed by-pass that is incorporated therein to . 
permit pressure fluid to flow to the left-hand 
end of the valve 225 to shift its spool to the right 
into normal off position. This results in revers 
ing the fluid COnnections and Supplies pressure 
to the left-hand end of valve 226 and its spool 
is moved to the right to reverse the connections 
to the opposite ends of the knife slide cylinder. 
This results in supplying pressure to the rod end 
of this cylinder, while its other end is connected 
to the exhaust line, whereupon the knife slide 
is retracted. 

It will be apparent that due to the rapid rate 
of rotation of the blank, the knife need be main 
tained in contact with the blank only momen 
tarily. Thus, substantially simultaneously with 
the initiation of the reversing impulse at the Se 
quence valve 228, a pressure impulse can be trans 
mitted through the valve 20 to initiate the op 
eration of the next tool slide, and advancing 
movement of Such successive Slide effected dur 
ing retractive movement of the preceding tool 
slide. 

Associated with each tool slide is a group of 
valves 230, 23, and 232 corresponding to the 
valves 225, 226, and 228 except that valve 230 
is actuated in both directions hydraulically, and 
the operation of each group of valves is adapted 
to be initiated by the preceding impulse valve 20. 
Thus, when the valve 20 f associated with the 
knife slide is depressed by its cam 200, a pres 
sure impulse is transmitted therethrough to shift 
the spool of the pilot valve 230 of the group, of 
valves associated with the central slide 86. In 
turn, the main control valve 23 is actuated and 
fluid pressure supplied past the sequential valve 
232 to the rear or head end of the cylinder 87. 
The central slide 86 is advanced and the plug 
2 forced into the neck opening, and the curling 

40 

45 

50 

55 

60 

s 

reverse their fluid connections, respectively, and 
cause retractive movement. 
Upon depression of the valve 202, the operation 

of the group of valves associated with the next 
slide is initiated. This slide may carry a bead 
closing tool to bend the open end of the curled 
back portion inwardly into engagement with the 
wall of the neck. The operation of the Succeed 
ing slide is effected in the same manner and in 
proper sequence. This slide carries a pressing 
tool 9 to complete the closure of the bead. At 
the completion of the beading operations, the 
operator again actuates the transfer valve 209, 
thereby causing retraction of the carriage 8 and 
again applying pressure to the inlet port 85. 
Only so many of the radial tool slides and their 

tools as are necessary to effect formation of the 
bead need be employed, and, of course, the curl 
ing tools i i may be dispensed with and other tools 
substituted if it is desired to form mouth portions 
of other shapes. 

It will be apparent that the forcing of the plug 
f into the neck opening not only results in 
affording support to the neck Wall during forma 
tion of the bead thereon, but will assure the 
formation of a truly circular mouth of a diameter 
Corresponding to the diameter of the cylindrical 
portion of the plug. ?« 
While I have shown only one shape that may 

be imparted to an article, it, of course, will be 
apparent that any other desired shape may be 
readily imparted to a blank merely by providing 
a pattern controlling device having its templets 
properly contoured. The number of templets em 
ployed for a given pattern device is, of course, 
predicated upon the amount of reduction that is 
to be made in the diameter of the blank, together 
with the working characteristics of the material, 
and in all cases the rate of linear movement of the 
carriage and the spinning rate will be controlled 
in accordance with these factors. Also, it is to 
be understood that the shaping of a blank can 
be effected at any desired portion along its length 
or along Substantially its entire length in the 
production of many Shapes of articles or the orna 
mentation thereof, and, furthermore, that re 
gardleSS of the size and shape of the article to be 
produced, duplication of Such articles of identical 
shape and uniformity of dimensional characteris 
tics can be effected. The production of shaped 
articles of such characteristics from blanks 
composed of material having a high compressive 
resistance to deformative pressures is possible 
with precision and accuracy due to the improved 
mode of generating and controlling high working 
preSSures and the shaping of the blank under a 
Series of progressive shaping operations. 
I have illustrated and described a present pre 

ferred embodiment of the invention, but it will be 
understood that the same is not limited thereto 
but may be otherwise embodied or practiced 
within the Scope of the appended claims. 

I claim: 
1. In a metal spinning machine, the combina 

tion with a Spinning tool, of means for imparting 
feeding movements thereto in directions extend 
ing lengthwise of the wall of a blank to be acted 
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upon thereby, and operating mechanism movable 
lengthwise with the tool for imparting feeding 
movements thereto at will in directions extend 
ing crosswise of said wall, said mechanism com 
prising fluid pressure actuated means for mov 
ing the tool, valve means for controlling the op 
eration of said pressure actuated means, a mov 
able control member associated with said valve 
means and selectively operable in opposite direc 
tions from a neutral position with respect thereto 
for effecting fluid flow through said valve means 
and actuation of said pressure actuating means in 
a corresponding direction, and means movable in 
unison with said pressure actuated means for 
moving said valve means in the direction of move 
ment of said member until fluid flow is inter 
rupted. 

2. In a metal spinning machine, the combina 
tion with a spinning tool, of means for imparting 
feeding movements thereto in directions extend 
ing lengthwise of the Wall of a blank to be acted 
upon thereby, fluid pressure actuated means op 
eratively connected to said tool for moving the 
same transversely of said wall, valve means for 
controlling the operation of Said pressure actu 
ated means, a movable control member asso 
ciated with said valve means and selectively oper 
able in opposite directions from a neutral posi 
tion with respect thereto for effecting fluid flow 
through said valve means and actuation of said 
pressure actuating means in a corresponding di 
rection, means movable in unison with said pres 
Sure actuated means for moving Said valve means 
in the direction of movement of said member until 
fluid flow is interrupted, and cam means operable 
during the said lengthwise movement of the tool 
for imparting predetermined control movements 
to said control member, whereby corresponding 
transverse feeding movements are imparted to 
said tool. 

3. In a metal spinning machine, the combina 
tion. With a Spinning tool, of means for imparting 
feeding movements thereto in directions extend 
ing lengthwise of the wall of a blank to be acted 
upon thereby, an operating mechanism movable 
lengthwise with the tool for moving said tools 
transversely of said wall, said mechanism com 
prising fluid pressure actuated means connected 
to the tool for moving the same, valve means for 
controlling the Operation of said fluid pressure 
actuated means, a movable control member asso 
ciated with said valve means and selectively oper 
able in opposite directions from a neutral position 
with respect thereto for effecting fluid flow through 
said valve means and actuation of Said pressure 
actuated means in a corresponding direction, 
means connecting said pressure actuated means 
to said valve means for bodily moving the same 
in the direction of movement of Said member until 
fluid flow is interrupted, an elongated templet 
having a contoured edge in fixed position for 
movement of said control member therealong 
during lengthwise movement of said tool, and 
means for yieldably pressing the control mem 
ber against said edge, whereby said member is 
moved relative to said valve means in conformity 
with the contour of said edge and corresponding 
transverse movements are imparted to said tool. 

4. In apparatus for spinning tubular blanks, 
the combination with a chuck for receiving and 
gripping a blank therein, means for rotating the 
chuck and the blank, a tool carriage, a spinning 
tool mounted on the carriage for radial move 
ments relative to the wall of the blank, means 
for advancing and retracting the carriage in di 
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rections parallel to the axis of said blank, a pat 
tern device arranged parallel to said axis in lon 
gitudinally fixed position with respect to the 
movement of the carriage, said device including a 
series of elongated and progressively contoured 
templets adapted to be moved into operating po 
sition one-by-one, means operatively connected to 
said tool and cooperating with said pattern de 
vice for translating the contours of said tem 
plets thereof into radial tool movements during 
traverse of the carriage along Said blank, and 
means for moving each of said templets suc 
cessively into operating position for translation 
of its contour into tool movements by Said last 
named means, to impart a corresponding contour 
to said wall. 

5. In apparatus for Spinning tubular blanks, 
the combination with a chuck for receiving and 
gripping a blank therein, means for rotating the 
chuck and the blank, a tool carriage, a spinning 
tool carried by the carriage and mounted there 
on for radial movements relative to the wall of 
the blank, means for advancing and retracting 
the carriage in directions parallel to the axis of 
said blank, a pattern device arranged parallel 
to said axis in longitudinally fixed position with 
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respect to the movement of the carriage, said 
device including a series of elongated and pro 
gressively contoured templets adapted to be 
moved into operating position one-by-One, means 
operatively connected to said tool and cooperat 
ing with said pattern device for translating the 
contours of said templets thereof into radial tool 
movements during traverse of the carriage along 
said blank, means for moving each of said tem 
plets successively into operating position for 
translation of its contour into tool movements 
by said last named means, to impart a corre 
sponding contour to said Wall, said templets be 
ing moved into operating position upon termina 
tion of each traverse of said carriage. 

6. In a metal spinning machine, the combina 
tion with a reciprocable carriage and a spinning 
tool mounted thereon for feeding movements 
crosswise of the path of travel thereof, of hy 
draulically-actuated piston and cylinder means 
for imparting said feeding movements to said 
tool, said cylinder means being fixed to the car 
riage and said piston means being movable there 
in in opposite directions, means connecting said 
piston means to said tool for moving said tool 
in conformity with the movement of said piston 
means, a control valve movably supported on the 
carriage and comprising a valve body having out 
let ports, an axially shiftable valve spool in said 
body and cooperating with said ports for con 
trolling fluid flow therethrough, conduits con 
necting said outlet ports to opposite ends of said 
cylinder means, said spool being selectively op 
erable in opposite directions with respect to Said 
ports for simultaneously effecting pressure and 
exhaust flow therethrough and actuation of Said 
piston means in a corresponding direction, means 
operatively connecting said valve body to Said 
piston means for movement bodily therewith in 
the direction of movement of Said spool until fluid 
flow is cut off, a spring for loading said valve, 
and means for shifting said spool relative to said 
valve body to effect corresponding movement of 
said tool. 

7. In a metal spinning machine, the combina 
tion with a reciprocable carriage and a Spinning 
tool mounted thereon for feeding movements 
crosswise of the path of travel thereof, of hy 
draulically-actuated piston and cylinder means 
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for imparting said feeding movements to said 
tool, said cylinder means being fixed to the car 
riage and said piston means being movable there 
in in opposite directions, means connecting said 
piston means to said tool for moving said tool in 
conformity with the movement of said piston 
means, a control valve movably supported on the 
carriage and comprising a valve body having Out 
let ports, an axially shiftable valve spool in said 
body and cooperating with said ports for con 
trolling fluid flow therethrough, conduits con 
necting said outlet ports to opposite ends of said 
cylinder means, said spool being selectively oper 
able in opposite directions with respect to said 
ports for simultaneously effecting pressure and 
exhaust flow therethrough and actuation of Said 
piston means in a corresponding direction, means 
operatively connecting said valve body to Said 
piston means for movement bodily therewith in 
the direction of movement of said spool until 
fluid flow is cut off, a spring for loading said 
valve, and means for shifting said Spool relative 
to said valve body to effect corresponding move 
ment of said tool, the extent of movement of said 
valve spool and the consequent movement of 
said tool being substantially the same. 

8. In a metal spinning apparatus, the combi 
nation with a reciprocable carriage and a spin 
ning tool mounted thereon for crosswise move 
ments relative to the path of travel thereof, of 
a power cylinder secured to said carriage, a dou 
ble acting piston positioned in said cylinder for 
movement toward either end thereof, means for 
transmitting the movements of said piston to 
said tool to feed it crosswise, a control valve 
connected to said transmitting means for nove 
ment bodily therewith and having a shiftable 
valve spool therein for controlling flow of fluid 
therethrough, said spool being selectively oper 
able in opposite directions from a neutral posi 
tion with respect to said valve for simultane 
ously effecting pressure and exhaust flow through 
the valve and movement of said piston in the 
same direction, whereby said valve is caused to 
follow the movement of said spool until flow is 
cut off, means for supplying inelastic fluid under 
pressure to said valve, a loading Spring inter 
posed between said valve and said Spool for 
urging them in opposite directions, said valve 
being held motionless by fluid entrapped in said 
cylinder, and restraining means operatively en 
gaging said spool for holding it quiescent in a 
neutral position relative to said valve, said re 
straining means being manually operable to ef 
fect shifting of said spool with respect to said 
valve and thereby cause a corresponding move 
ment of said tool. 

9. In a tube spinning machine, the combination 
with a spinning tool, of a carriage carrying said 
tool, means operable to advance and retract the carriage along a predetermined portion of the 
wall of a rotating blank, said tool being mounted 
on the carriage for movement radially of said 
wall, hydraulic translating means including a 
shiftable control member therefor disposed on 
said carriage and operatively connected to said 
tool for imparting radial movements thereto com 
mensurate with the movement of the control 
member, pattern means cooperating with said 
shiftable member for controlling the operation of 
said translating means, Said pattern means COIn 
prising a series of progressively contoured tem 
plets adapted to be moved one-by-one into work 
ing position for movement of Said member there 
along, for translation of the contours thereof into 
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corresponding tool movements, and means for 
successively bringing said templets into working 
position. 

10. In a tube spinning machine, the combina 
tion with a spinning tool, of a carriage carrying 
said tool, means operable to advance and retract 
the carriage along a predetermined portion of the 
wall of a rotating blank, said tool being mounted 
on the carriage for movement radially of said 
wall, hydraulic translating means including a 
shiftable control member therefor disposed on 
said carriage and connected to said tool for mov 
ing the same radially, a rotary pattern controlling 
device positioned to cooperate with said shiftable 
member during traverse of the carriage for con 
trolling the operation of said translating means, 
said device having a set of progressively contoured 
templets disposed around its axis and movable 
one-by-one into working position with respect to 
Said control member, and indexing means for ro 
ta?ting said device to bring Said templets Succes 
sively into working position, said translating 
means being operative to move said tool in a path 
corresponding to the contour of a templet. 

11. In a tube spinning machine, the combina 
tion with a spinning tool, of a carriage carrying 
said tool, means operable to advance and retract 
the carriage along a predetermined portion of the 
wall of a rotating blank, said tool being mounted 
on the carriage for movement radially of said 
wall, hydraulic translating means including a 
shiftable control member therefor disposed on 
said carriage and connected to said tool for mov 
ing the same radially, a rotary pattern controlling 
device positioned to cooperate with said shiftable 
member during traverse of the carriage for con 
trolling the operation of said translating means, 
said device having a set of progressively con-. 
toured templets disposed around its axis and mov 
able one-by-One into Working position with re 
Spect to Said control member, indexing means 
associated with said device, and means for auto 
matically actuating said indexing means at each 
reversal of the direction of travel of the carriage, 
whereby the wall of said blank is progressively 
deformed by movement of said tool in opposite 
directions therealong. 

12. In a tube spinning machine, the combina 
tion with a spinning tool, of a carriage carrying 
said tool, means operable to advance and retract 
the carriage along a predetermined portion of the 
wall of a rotating blank, said tool being mounted 
on the carriage for movement radially of said 
wall, hydraulic translating means including a 
shiftable control member therefor disposed on 
said carriage and connected to said tool for mov 
ing the same radially, a rotary pattern controlling 
device positioned to cooperate with said shiftable 
member during traverse of the carriage for con 
trolling the operation of said translating means, 
Said device having a set of progressively contoured 
templets disposed around its axis and movable 
one-by-one into working position with respect to 
said control member, indexing means for rotating 
said device to bring said templets successively into 
working position, and locking means associated 
with said indexing mechanism for centering and 
holding said templets in working position with 
respect to said shiftable member. 

13. In apparatus for shaping tubular blanks, in 
combination, a rotatable chuck for gripping and 
rotating a blank, a spinning tool, a carriage carry 
ing Said tool, hydraulic translating mechanism 
including a shiftable control member therefor 
disposed on said carriage and operable to move 
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said tool radially of the wall of said blank, a 
rotary patteria device for controlling the opera 
tion of said mechanism, said device including an 
annular series of progressively contoured tem 
plets movable successively into working position 
to cooperate with said control member, said 
translating mechanism being actuated in con 
formity with the contour of one of said templets 
in said working position to effect corresponding 
tool movements thereby, to impart a similar 
shape to the wall of the blank, indexing mech 
anism operative to bring each of said templets 
into said working position, and means actuated by 
the carriage when it reaches either end of said 
pattern device for automatically actuating said 
indexing mechanism and effecting reversal of the 
direction of travel of said carriage. 

14. In apparatus for shaping tubular blanks, in 
combination, a rotatable chuck for gripping and 
rotating a blank, a Spinning tool, a carriage car 
rying said tool, hydraulic translating mechanism 
including a shiftable control member therefor 
disposed on said carriage and operable to move 
said tool radially of the wall of said blank, a 
rotary pattern device for controlling the oper 
ation of said mechanism, said device including 
an annular series of progressively contoured tem 
plets movable successively into working position to 
cooperate with said control member, said trans 
lating mechanism being actuated in conformity 
with the contour of one of said templets in said 
working position to effect corresponding tool 
movements thereby, to impart a similar shape to 
the wall of the blank, indexing mechanism oper 
ative to bring each of said templets into said 
Working position, means actuated by the car 
riage when it reaches either end of said pattern 
device for automatically actuating said indexing 
mechanism and effecting reversal of the direction 
of travel of said carriage, and means actuated 
by Said indexing mechanism for terminating the 
carriage's movement after the last templet of 
Said Series has been traversed. 

15. In apparatus for shaping tubular blanks, 
in combination, a rotatable chuck for gripping 
and rotating a blank, a spinning tool, a carriage 
carrying Said tool, hydraulic translating mecha 
nism including a shiftable control member there 
for disposed on said carriage and operable to 
move said tool radially of the wall of said blank, 
a rotary pattern device for controlling the oper 
ation of said mechanism, said device including 
an annular series of progressively contoured tem 
plets movable successively into working position 
to cooperate with said control member, said trans 
lating mechanism being actuated in conformity 
with the contour of one of said templets in said 
working position to effect corresponding tool 
movements thereby, to impart a similar shape to 
the wall of the blank, indexing mechanism oper 
ative to bring each of said templets into said 
working position, means actuated by the carriage 
when it reaches either end of said pattern device 
for automatically actuating said indexing mech 
anism and effecting reversal of the direction of 
travel of said carriage, and circular members dis 
pOSed at the ends of said pattern device for coop 
erating with said control member to maintain said 
tool in a predetermined position with respect to 
the wall of said blank during indexing movement. 

16. In apparatus for shaping tubular blanks, in 
combination, a rotatable chuck for gripping and 
rotating a blank, a spinning tool, a carriage car 
rying said tool, hydraulic translating mechanism 
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including a shiftable control member therefor dis 
posed on said carriage and operable to move said 
tool radially of the wall of said blank, a rotary 
pattern device for controlling the operation of 
Said mechanism, said device including an annu 
lar Series of progressively contoured templets mov 
able successively into working position to cooper 
ate with said control member, said translating 
mechanism being actuated in conformity with the 
contour of One of said templets in said working 
position to effect corresponding tool movements 
thereby, to impart a similar shape to the wall of 
the blank, indexing mechanism operative to bring 
each of said templets into said working position, 
means actuated by the carriage when it reaches 
either end of Said pattern device for automatically 
actuating said indexing mechanism and effecting 
reversal of the direction of travel of said car 
riage, means operable to control the speed of 
travel of Said carriage, and means actuated by 
Said indexing mechanism when a preselected tem 
plet is moved into said working position for oper 
ating said speed controlling means to reduce the 
rate of travel of the carriage during subsequent 
traverse of the said predetermined templet. 

17. In apparatus for shaping tubular blanks, in 
combination, a rotatable chuck for gripping and 
rotating a blank, a spinning tool, a carriage car 
rying said tool, hydraulic translating mechanism 
including a shiftable control member therefor dis 
posed on said carriage and operable to move said 
tool radially of the wall of said blank, a rotary 
pattern device for controlling the operation of 
Said mechanism, said device including an annular 
Series of progressively contoured templets mov 
able Successively into working position to coop 
erate with said control member, said translating 
mechanism being actuated in conformity with the 
contour of one of said templets in said working 
position to effect corresponding tool movements 
thereby, to impart a similar shape to the wall of 
the blank, indexing mechanism operative to bring 
each of Said templets into said working position, 
means actuated by the carriage when it reaches 
either end of said pattern device for terminating 
travel thereof, means for actuating said index 
ing mechanism upon termination of the carriage's 
movement, and means responsive to completion of 
indexing movement for initiating carriage travel 
in the opposite direction. 

18. Tube shaping apparatus comprising, in com 
bination, a chuck for gripping a tubular blank 
at one end, means for rotating the chuck and the 
blank, a tool carriage encircling the peripheral 
Wall of the blank, means for advancing and re 
tracting the carriage along said wall, a plurality of 
not less than three annularly spaced spinning 
tools mounted on said carriage for movements 
radially of Said wall, a movable member on the 
carriage, means connecting said member to each 
of said tools for simultaneously moving them radi 
ally, fixed cylinder means on the carriage having 
piston means movable therein in opposite direc 
tions and connected to said movable member to 
move the Same, a control valve movably supported 
On said carriage and having a shiftable spool 
therein selectively movable in opposite directions 
from a neutral position with respect thereto, for 
effecting fluid flow through said valve and move 
ment of said piston means in a corresponding 
direction, means connecting said member and said 
valve for unitary movement in the direction of 
movement of said spool until flow is interrupted, 
and means cooperating with Said Spool during 
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travel of the carriage for imparting predetermined 
shifting movements thereto, whereby to effect cor 
responding movement of said tools and radial dis 
placement of the wall of said tube thereby. 

19. A tube shaping apparatus comprising, in 
combination, a rotatable chuck for gripping a 
tubular blank at one end, a carriage movable 
longitudinally of the wall of said blank and hav 
ing a base portion and an upright frame encir 
cling Said wall, three radial tool slides mounted 
On Said frame in annularly spaced relation, two 
of the slides being disposed below the center of 
said base and the other slide at the top thereof, 
a Spinning roller journalled on the inner end of 
each slide, an operating shaft for each slide and 
having a sprocket wheel thereon, rack and gear 
connection between each slide and its shaft, a 
cross slide mounted on said base portion, a driv 
ing Chain meshing with Said sprockets and hav 
ing its ends adjustably secured to said cross slide, 
a power cylinder Secured to the base of the car 
riage in a croSSwise position and containing a 
double acting piston rigidly connected to said 
CrOSS Slide, a control valve mounted on said cross 
slide with its axis parallel to the axis of said cyl 
inder and having an axially movable spool mem 
ber, said member being selectively operable in 
opposite directions from a neutral position for 
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effecting simultaneous pressure and exhaust flow 
of hydraulic fluid for opposite ends of said cylin 
der respectively, a valve loading spring yieldably 
urging Said member outwardly, and a templet 
having a contoured edge engaged by said spool 
member for movement therealong during travel 
of said carriage, whereby said spool member is 
shifted in conformity with the contour of said 
templet and corresponding radial movements are 
imparted to said rollers. 

20. A spinning machine having, in combina 
tion, a spinning tool, means for feeding Said tool 
alternately in opposite directions lengthwise of 
the wall of a rotating blank, means cooperating 
with said tool in both directions of lengthwise 
feed thereof to feed the tool croSSwise of Said 
wall and effect displacement thereof to a prede 
termined configuration, said last named means 
including a series of templates, means for mov 
ing said templates successively into position for 
cooperation with said tool, and control means re 
sponsive to feed movements of said tool for actu 
ating said template moving means, whereby a 
successive template is moved into operative rela 
tionship with said tool at the end of each length 
wise feed stroke of the tool along said wall of the 
blank. 
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