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FORGING APPARATUS AND CONTROL, 
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vania 

Application July 21, 1949, Serial No. 106,045 
(C. 60-97) 16 Claims. 

1. 
This invention relates to forging apparatus 

and the control thereof, and more particularly 
to the control of an apparatus of the type where 
in two horizontally aligned rams, operated by 
preSSurized fluid, serve to forge by impact work 
pieces interposed between them. 
The principal object of the invention is to pro 

vide an improved apparatus for accurately con 
trolling the forging operation. 

In an apparatus of this character, precise 
timing of the forging blow is very important. It 
is necessary to apply pressurized fluid to the 
rams during a very short time interval which 
may be a Small fraction of a second. Moreover, 
it is highly desirable to provide for rapid succes 
sive operation of the apparatus in order that 
work pieces may be forged in rapid succession. 
A further object of the present invention is to 

provide an apparatus which enables such precise 
timing and rapid cyclic operation. The appa 
ratus is novelly characterized in that it comprises 
a cycling mechanism and an electronic timer 
under control of Said mechanism. 

It is also desirable in Such an apparatus to be 
able to control with great accuracy the intensity 
of the forging blow, and it is a further object of 
this invention to provide such control. This is 
achieved by means of the electronic timer which 
is adjustable to control the intensity of the 
forging blow. 

Still another object of the invention is to pro 
vide means for differentially controlling the Sup 
ply of pressurized fluid to the rams to establish 
the exact plane of impact of the rams. 
A further object of the invention is to provide 

means for preventing or interrupting a forging 
operation in the event that a dangerous unbal 
ance of pressure should develop. 
Other objects and features of the invention 

will be apparent hereinafter. 
The invention may be fully understood from 

the following detailed description with reference 
to the accompanying drawings, wherein 

Fig. 1 is a view, partly in longitudinal section 
and partly in elevation, of a forging apparatus 
embodying the present invention; 

Fig. 2 is an end elevational view taken along 
line 2-2 of Fig. 1, with a portion of the appara 
tus broken away for the sake of illustration; 

Fig. 3 is a sectional view taken along line 3-3 
of Fig. 1; - 

Fig. 4 is a sectional view taken along line 4-4 
of Fig. 2; 

Fig. 5 is a schematic illustration of the con 
trolling arrangement employed in conjunction s 
with the impacter rams; 
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2 
Fig. 6 is a diagrammatic illustration of the 

electrical system which serves to control the 
operation; and 

Fig. 7 is a diagrammatic illustration of the 
electronic timer which is employed in the elec 
trical System. 

Referring first to Fig. 1, there are shown two 
horizontally aligned rams 0 and Oa, which are 
movable within fluid cylinders and la, the 
rams moving toward and away from each other 
during a complete cycle of Operation. Renov 
ably attached to the rams are dies 2 and f2d. 
which engage a work piece (not shown) to forge 
the same. 
The rams are actuated during the work stroke 

by pressurized fluid supplied to the cylinders 
from a common fluid line i 5 through intake con 
duits i 6 and i 6a. Preferably, the rams are actu 
ated by means of compressed air, the line 5 
being connected to a Suitable Source of com 
pressed air. The air is Supplied to the cylinders 
through manually-adjustable valves f T and 7d. 
having adjustable levers 8 and 8a, which may 
be set in any desired position. 
As shown in Fig. i., the ram-containing cylin 

ders are mounted on a Supporting framework 9 
which may also serve to Support certain control 
ling valves as hereinafter described. The Supply 
conduit 5 extends longitudinally through the 
Supporting framework, as does also a common 
exhaust conduit 20 (see Fig. 2) through which 
the air is exhausted from the cylinders during 
the return stroke. 

Referring still to Fig. 1, provision is made for 
Supplying pressurized fluid through an axial pas 
Sage in each ram to the aSSociated die, the pur 
pose of which is to cool the die block and to 
facilitate removal of the forged work pieces and 
also to facilitate Scale removal. Since both rams 
are alike, only the left-hand ran in Fig. 1 is ill 
lustrated in detail. An axial passage 2 is pro 
vided in the ram, and the pressure end of the 
ram has a recess 22 to accommodate a fluid sup 
ply conduit 23. The conduit 23 is attached 
firmly to the ram by a tapered fit in recess 22 
and reciprocates with ram to through packing 
gland 25 which allows the introduction of fluid 
through passage 2 without danger of mixing 
with the main operating fluid. The passage 2 
communicates with passages i 3 in the die block. 
As also shown in Fig. 1, a pressure-responsive 

device 26 is connected by means of conduits 27 
and 27 a to the pressure ends of the respective 
cylinders. The device 26 quickly responds to a 
difference in pressure between the cylinders and, 
as hereinafter described, it serves to interrupt 
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the Operation in the event that a pressure un 
balance develops in excess of a safe maximum. 

Referring now to Figs. 2 to 4, these figures 
illustrate the controlling valves associated with 
the ram 0 and its cylinder , it being under 
Stood that Similar valves are provided in associa 
tion with the ram Oa and its cylinder fia. A 
fluid-Operable valve 28 controls the air input 
from Conduit 6 to the ports 29 which extend to 
the interior of the cylinder at the pressure end 
thereof. A Second fluid-operable valve 30 con 
trols the air exhaust to conduit 3 which extends 
to the exhaust line 20. The valves 28 and 30 are 
arranged in a common valve casing designated 
generally by reference character 32 which also 
contains the manually-operable valve 7. In the 
illustration of Fig. 3, the valve 28 is closed and 
the valve 30 is open, this being the condition 
for exhaust. When the valve 30 is closed and the 
valve 28 is Open, air is admitted to the cylinder 
from conduit 6 at a rate dependent upon the 
Setting of valve 7. 
In Order to positively prevent mixture of the 

valve Operating fluid and the main operating 
fiuid, a passage 30a is provided which serves to 
by-pass leakage of either fluid to the exhaust 
conduit 3. The passage 30a, extends to an an 
nular receSS 28a and holes 28b in the guide 
around valve 28. 
AS may be seen in Fig. 3, the ports 29 are in 

communication with the valve ports 33 and 34 
through a common chamber or space 35. As 
ShoWn in Fig. 4, the ports 29 are spaced from 
the cylinder head 24, and a by-pass port 36 is 
disposed immediately adjacent the cylinder head 
24 and is adapted to be placed in communication 
with a transverse port 37 leading to the chamber 
Or Space 35. A Spring-biased check walve 38 nor 
mally closes the port 3 under the influence of 
its Spring 39. This valve is supported by a plug 
40 bolted to the valve casing. The purpose of 
the check valve and the by-pass controlled there 
by will be explained presently. 

Referring generally to Figs. 1 to 5, and par 
ticularly to the schematic illustration of Fig. 5, 
the inlet valve 28 for the ram O and its asso 
ciated cylinder f is controlled by pressurized 
fluid, preferably compressed air, through a con 
duit 4 li extending to casing 42 of a differential 
controlling valve 43. In like manner, the input 5 
valve for the other ram and its associated cyl 
inder is controlled through the fluid conduit 44 
which extends from said valve to the other side 
of the controlling valve 43. The conduits 4 and 
44 communicate, through valve casing 42, with 
a common fluid conduit 45 which extends from 
the valve casing 42 to the casing 46 of a valve 
47. The purpose of the differential controlling 
valve 43 is to control differentially the supply of 
fluid to the input valves for the two rams, there 
by to control the relative timing of the operation 
of the input valves and thus establish the exact 
plane of impact of the rams. The valve 43 has 
a crank arm 48 which is connected through link 
49 to a crank arm 50 on a shaft St. This shaft 
is connected through reducing gears 52 and 53 
to the shaft 54 of a Selsyn receiver 55. The pur 
pose of this is to provide for remote control of 
the valve 43 as hereinafter described. 

The exhaust valve 30 for the ran and its 
associated cylinder f is controlled through 
branch 56 of a T conduit 57. The other branch 
arm 58 of the T conduit extends to the exhaust 
valve for the other ram and its aSSociated cyl 
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4. 
inder. The leg of conduit 57 extends to the 
casing 46 of the valve 47. 
The valve 4 is Spring biased to the position 

shown by means of spring 59, and it is actuated 
against the action of the Spring by a Solenoid 
60. The casing of this valve has spaced annular 
recesses 6 and 62 to which are respectively con 
nected the conduits 45 and 5. Between these 
annular recesses is an annular receSS 63 to which 
a compressed air conduit 64 extends. This con 
duit may be connected to the main air supply 
conduit 5 hereinbefore mentioned. Exhaust 
conduits 65 and 66 extends into the ends of valve 
casing 46, and these conduits may be connected 
to the main exhaust line 20 hereinbefore men 
tioned. The Valve member 47 has Spaced por 
tions 67 and 68 which control the valve ports. 
When the Solenoid 60 is deemergized as shown, 

the input valve 28 is in communication. With the 
air supply conduit 64 and the valve is held closed. 
At the same time, the exhaust valve 30 is in Com 
munication. With exhaust conduit 66 and that 
valve is open. When the Solenoid 60 is energized, 
the valve member 47 moves to the right, and the 
exhaust valve 30 is placed in communication 
with the air supply conduit 64 and is cut off from 
the exhaust conduits. At the same time, the 
input valve 28 is cut off from the air Supply con 
duit 64 and is placed in communication with the 
exhaust conduit 65. At such time, therefore, 
the exhaust valve 30 is closed and the input valve 
28 is opened. 
After the impacting stroke of ram 10, the ran 

is returned by air pressure supplied to the cyl 
inder if through branch 69 of a T conduit 70 
Whose other branch arm extends to the cyl 
inder of the other ram. The leg of the T conduit 
O extends to the casing 72 of a valve 73 which 

is biased by spring 74 and is operable by a Sole 
noid 75. An air supply conduit 6 and an ex 
haust conduit TT also extend to the valve casing 
2. These conduits may be connected respectively 

to the main air line 5 and the main exhaust 
line 20 hereinbefore mentioned. Normally, the 
valve 73 is in the position shown, and the conduit 
7 O is in communication with the exhaust con 
duit T7. However, when solenoid 15 is energized, 
the conduit T0 is placed in communication with 
the air conduit 6 and is cut off from the ex 
haust conduit TT. At Such time, air is Supplied 
to the cylinder to move the ram to back to its 
initial position. 
From the description thus far, it will be seen 

that the operation of the rams is controlled by 
means of the Solenoids 60 and 75. These Sole 
noids are controlled by the electrical control 
System presently to be described. 
The purpose of the check valve 38 may now 

be understood. Referring still to Fig. 5, the dis 
position of the ports 29, with reference to the 
end of the cylinder , provides an air cushion 
ing action when the ram í0 is returned. During 
the return of the ram, the head thereof closes 
the ports 29 and air is trapped at the end of 
the cylinder, providing an air cushion Which 
prevents the ram from striking the cylinder head. 
This becomes particularly important if the ram 
should rebound due to the impact, 
With the ram stopped in the position shown 

in Fig. 5, the cylinder is closed against intake 
of air through the ports 29. However, the check 
valve 38 and the by-pass 36 permits air to enter 
the cylinder from the chamber or Space 35, and 
Such air moves the ram until the ports 29 are 
cleared. It should be noted that the check valve   
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does not interfere with the above-mentioned air 
cushioning action, since it will not permit air 
to leave the cylinder by way of the by-pass. 

Mention was made above of the unbalanced 
pressure-responsive device 26, and it may now be 
noted from Fig. 5 that this device comprises a 
two-part casing 78 containing a pressure-re 
Sponsive diaphragm 79 which is subject to the 
air pressure transmitted through conduits 27 and 
27a. The casing carries contacts 80 and 8 
whose inner ends are in spaced relation to one 
another, and the diaphragm carries a contact 
82 which is normally out of engagement with 
the stationary contacts but may engage either 
of those contacts when there is sufficient un 
balance of the pressures in conduits 27 and 2d. 
The diaphragm 79 is formed of conductive ma 
terial and it is provided with a terminal 83. 
The casing parts are formed of insulating ma 
terial. The Screw contacts 80 and 8 and the 
terminal 83 are connected to the electrical sys 
ten as hereinafter described. 

Referring now to Fig. 6, an A. C. supply line 
84, 85, e. g. a 60 cycle supply line, serves as a 
Common Source of electrical Supply for the var 
ious elements through the manual switch 86. 
It will be recalled that the differential control. 
valve 43, shown in Fig. 5, is actuated by a 
Selsyn receiver 55. Fig. 6 shows the complete 
Selsyn System for actuating the valve 43, which 
System is of conventional form and comprises 
the receiver 55 and a transmitter 87 connected 
to each other and to the line conductors, 84 and 
85. Thus the valve 43 is remotely controllable 
from the Selsyn transmitter 87. 

It will also be recalled that the operation of 
the rams is controlled by means of the solenoids 
60 and 75. The energization of Solenoid 60 is 
effected by means of a timer 88 under control of 
a motor-driven Switch mechanism 89. The en 
ergization of solenoid 75 is effected by the switch 
mechanism 89. The manner in which the two 
Solenoids are controlled will be described pres 
ently. 
The electrical control system is conditioned for 

operation, after closure of Switch 86, by a con 
tactor 90 which is under control of . Start and 
stop switches 9 and 92. The contactor 90 com 
prises a solenoid 93, an armature 94, and a 
biasing spring 95 which tends to maintain the 
armature in the position shown. When the start 
switch 9 is momentarily closed, the solenoid 
93 is energized through a circuit which includes 
conductor 96, conductor 97, the closed contacts 
of a Safety device 98, conductor 99 and con 
ductor f OO. The contactor locks itself in through 
contacts of which close a branch circuit in 
Shunt With the start Switch 9 and including 
conductors 02 and 103. 

Energization of the contactor closes an en 
ergizing circuit for the motor 04 of the device 
89 through closure of contacts 05 and fos. 
This circuit includes conductors 0.7, 08, 09, 
and f O. The motor 04 drives, through reduc 
tion gearing fold, a shaft. 
mounted cams 2 and 3. These cams actu 
ate switches i il 4 and I l 5, respectively, in se 
quential and timed relation. The movable arms 
of the switches are biased toward the cams, as 
by means of springs (not shown). 
The operation of timer 88 is initiated through 

an initiating circuit 6 connected to terminals 
7 of the timer. The initiating circuit extends 

by way of conductor 8 through contacts 9 of 
the contactor 90, through conductor 20 to 
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6 
switch 4, and back to the timer by way of 
conductor 2. A number of safety switches 
22 are shown serially included in the initiating 

circuit, to which reference will be made later. 
Switch 5 of device 89 is included in an en 
ergizing circuit for Solenoid 75, which circuit is 
in shunt with the Solenoid 93 of contactor 90. 
The impulse timer 88 has energy input ter 

minals. 23 and 23a which are connected to 
Supply line 84, 85 via conductors 24. A lamp 
Í 25 is connected across the latter conductors to 
indicate closure of Switch 86. This lamp pref 
erably gives off green light. A second lamp 26, 
which preferably gives off red light, is connected 
to terminals f27 of the timer, this lamp indi 
cating that the timer is conditioned for opera 
tion. Start and stop switches 28 and 29 are 
connected to terminals 30, 3 and 32 of the 
timer in the manner shown and serve to con 
trol the conditioning of the timer for operation 
as hereinafter described. 
The pressure-responsive device 26, hereinbe 

fore described, is connected to terminals 33, 34 
and 35 of the inpuse timer. 
The impact -controlling Solenoid 60 is con 

nected between terminal 36 on the impulse timer 
and one of the supply line conductors through 
connections f3, and 38. 
The impulse timer 88 functions to supply an 

impulse of accurately timed short duration to 
the solenoid 60. While this timer may be of any 
suitable type, a preferred form thereof is shown 
in Fig. 7. The impulse timer shown is a modi 
fied Westinghouse type SP-19 timer which pro 
wides a precisely timed output impulse. So far 
as its general structure and operation are con 
cerned, this tinner is a known device and it need 
only be described here sufficiently to enable a 
complete understanding of the present invention. 
As may be seen in Fig. 7, the timer comprises 

a start tube 39, a stop tube 40, a bias-provid 
ing tube 4 and a pair of controlled power tubes 
42 and 43. All of the tubes are thyratrons 

With the exception of tube 4f which is a double 
diode rectifier. The tubes 42 and 43 consti 
tute a, lead and follow combination, tube | 42 
being the lead tube and tube 43 being the follow 
tube. Condenser 44 is a timing condenser, the 
charging of Which determines the time duration 
of the output impulse. 

Relays 47 and 48 are provided to control the 
tinner as hereinafter described. These relays and 
the several transformers shown with their pri 
mary windings unconnected are energized from 
the power Supply line by Way of terminals 23 
and 23a. The connections are omitted for sim 
plicity of illustration. 
In the inoperative State of the timer, all of the 

thyratrons are non-conducting due to the poten 
tials applied to their control grids. The con 
denser 44 is fully discharged through a resistor 
45 which is connected across the condenser 

through normally closed contacts 46 of a relay 
14?? 
As hereinbefore mentioned, the timer is con 

ditioned for operation by closing the start switch 
28 which energizes relay 48. This relay locks 

itself in through contacts 49. Its contacts 50 
are included in the output circuit of the timer, 
but the Solenoid 60 remains deemergized because 
of the non-conductive condition of the tubes 42 
and 43. The lamp f 26 indicates that the relay 
48 has been energized and that the timer is in 

condition for Operation. 
When the initiating circuit f6 (see Fig. 6) is 
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closed by closure of switch fi 4, relay 47 is ener 
gized. This relay opens the discharge circuit for 
condenser 44, and its contacts 5 close and 
cause a variation of the potential on the control 
grid of tube 39, thus causing that tube to fire. 
Conduction of tube 39 initiates charging of COn 
denser 44 through One side of the rectifier tube 
f4, and it also causes tube 42 to fire. The 
latter in turn furnishes a firing impulse for tube 
43. When tubes 42 and 43 become conduc 

tive, the output circuit is closed and furnishes 
current to the Solenoid 69. In the meantime, 
tube 49 has remained non-conductive by virtue 
of the D. C. bias on its control grid. 
When the voltage cn condenser 44 rises to a 

value approximately equal to the D. C. bias on 
tube 40, this tube fires and renders tubes 42 
and 43 non-conductive. At this time, the Sole 
noid 60 is deenergized. When the switch 4 
opens, relay 47 is deenergized and the timer is 
restored to its inoperative condition and is ready 
for the next operation. When SWitch 4 closes. 
The charging rate of condenser 44 is control 

lable by means of potentiometer 52. Since the 
rate of charge of the condenser determines the 
time during which operating fluid is Supplied 
to the rams, the adjustment of the potentiometer 
f 52 sets the intensity of the forging blow with 
great accuracy. 
A second potentiometer 53 constitutes a power 

factor adjustment, the purpose of which will be 
described later. 

It should now be noted that the pressure unbal 
ance responsive device 26 will interrupt the oper 
ation of the tinner if contact is made in Said 
device due to an undesirable unbalance of the 
pressures in the ram cylinders. Upon Such con 
tact being made, the grid of tube 42 is driven 
to a potential considerably negative with respect 
to itS Cathode, and current flow to the Solenoid 
60 is cut off in less than the time of one cycle of 
the A. C. supply current. This prevents the com 
pletion of the forging blow in the event that 
seriously unbalanced pressures are driving the 
aS 

Considering the operation of the apparatus as 
a whole, and referring particularly to Fig. 6, the 
Operator first closes the line Switch 8S and then 
presses the push button start switch 9?, where 
upon the contactor 9 is energized and locks itself 
in as hereinbefore described. The contactor 90 
remains energized until Such time as the opera 
to presses the push button stop switch 92 which is 
connected in the holding circuit of contactor 90. 
The energization of contactOl' 9 Starts the motor 
04 which runs continuously until the contactor 

is deenergized. Consequently, the switches 4 
and 5 are cyclically operated by their motor 
driven cans 2 and 3. The can 2 is so 
designed that the switch 4 is held closed during 
a time interval within which the timer 88 may 
effect timed energization of the Solenoid 6 as 
hereinbefore described. The can f3 is so 
designed that it closes Switch 5 after SWitch 4 
has opened. 
With the apparatus conditioned for operation 

by energization of contactor 90, the operator may 
start the operation at any time by pushing the 
push button start switch 28 for the timer 88. 
This causes energization of relay 48 (see Fig. 7) 
which locks itself in. The timer will then oper 
ate cyclically under control of Switch 4 until 
such time as the operator pushes the push button 
stop Switch 29. 

During each cycle of operation, the switch í lá 
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starts the timer 88 and the latter effects energi 
zation of solenoid 60 during an accurately timed 
interval, as hereinbefore described. The energi 
zation of Solenoid 60 causes operation of the rams 
through their work stroke to forge the Work piece 
by impact. After the timed energization of Sole 
noid 69, the solenoid 75 is energized by closure 
of switch 5, and the rans are returned prepara 
tory to the next work stroke. This cycle of Oper 
ation is repeated automatically until such time 
as the operator presses the push button Stop 
Switches 29 and 92. In the illustrated enbodi 
ment, a cycle of operation takes place during one 
half revolution of the shaft ill, and the cams 
are designed accordingly. 

It will be apparent that the Work pieces must 
be fed to the impacter apparatus and this may 
be done automatically by the provision of suitable 
automatic feeding means. Since the present 
invention is not concerned with the feed mecha 
ni Snim, it Suffices to note that Such mechaniSn 
could be pneumatically operated and could be 
conticolled by a valve 54 (see Fig. 6) operable by 
a Solenoid 55 under control of a Switch 58 
which may be cyclicaily operated by a can 457 
On the ilotor driven shaft of the Switch mech2 
niSrm 89. 
The cycling switch mechanism 89 may also be 

used to control other functions. For example, a 
Valve 58, operated by Solenoid 53, may control 
the air supply to the axial passages of the rams, 
and the Solenoid may be controlled by a switch 
15C and an actuating cam 6 on the Switch 
mechanism 89. 
Referring still to Fig. 6, hention was made 

above of the safety device 98 and the safety 
SWitches 22. These are desirable optional de 
vices. The device 98 prevents or interrupts ener 
gization of contactor 90 in the event that the 
pressi'e of the operating fluid rises above a pre 
determined maximum or falls below a predeter 
mined minimum. This device may comprise two 
SWitches as indicated arranged for response to 
pressure of the fluid. The safety switches 22 
may be controlled by various conditions so as to 
prevent operation of the timer 88 in the event, 
that Sorine undesired condition exists. For exain 
ple, One of these Switches may be arranged So 
as to be closed only if the work pieces are prop 
erly positioned. Another of these switches may 
be responsive to temperature produced by the 
means for heating the Work pieces prior to forg 
ing. Still another of these switches may be 
airiranged. So as to open if certain guards for the 
operator's safety are removed. As many of these 
switches may be provided as are necessary to 
aSSure proper and Safe Operation. 
The Complete apparatus and its operation hav 

ing now been described, it is deemed desirable 
to recapitulate and emphasize the salient fea 
tures and advantages. 
The predominant feature of the apparatus is 

the control of the forging operation by the ciec 
tronic timer and the cyclic operation of the 
timer by the cycling switch mechanism. Such 
control of the forging operation provides a num 
ber of important advantages as set forth below. 
The electronic tinner provides an extremely 

Short timing interval which may be as short as 
the time required for two cycles of the 60-cycle 
current. Furthermore, the electronic timer makes 
it possible to adjust the occurrence of the timing 
interval according to the natural power factor 
of the Solenoid 60. Due to the inductive nature 
of the Solenoid, the duration of its energization   
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is affected by the point on the voltage wave at 
which the circuit is made and broken with respect 
to the current. It will be understood, of course, 
that the voltage and current waves do not coin 
cide but are displaced according to the power 
factor of the Solenoid. The potentiometer 53 
(Fig. 7) enables adjustment of lag of the appli 
cation of voltage to suit the power factor of the 
SOlenoid. 
A further advantage of the system is that the 

intensity of the forging blow can be set with 
great accuracy by adjustment of potentiometer 
52. A light blow may be struck by setting the 

potentiometer so that the charging of condenser 
f44 occupies the time of three cycles; or a heavy 
blow may be struck by a setting such that the 
charging of the condenser occupies the time of 
eight cycles. This enables pre-selection of the 
blow without disturbing the air Supply pressure. 
A further advantage of the system is that the 

operation of the timer is interrupted by unbal 
anced pressures through the medium of the pres 
Sure responsive device 26. 
Another feature of the apparatus is the dif 

ferential control of the input valves for the rams 
to establish the exact plane of impact. 

It will be apparent from the foregoing descrip 
tion that the invention provides a novel appa 
ratus which embodies various desirable featureS 
and which has important advantages. 
particular embodiment of the apparatus has been 
illustrated and described, it is to be understood 
that the invention is not limited thereto but is 
capable of various modifications and further 
embodiments. 
I claim: 
1. In an apparatus of the class described, fluid 

operated means, means for Supplying preSSurized 
fluid to said first means, means including a valve 
for controlling the supply of fluid to said first 
means, a Solenoid for actuating Said valve, a 
source of electric current, cyclically-operable 
timing means for supplying current from said 
source to said solenoid during an accurately 
timed interval, and power-driven cycling Switch 
means for controlling the operation of said tim 
ing meanS. 

2. In an apparatus of the class described, a 
pair of horizontally opposed pistons, a pair of 
fluid cylinders for the respective pistons, means 
for supplying pressurized fluid to said cylinders 
So as to drive said pistons toward each other, 
means including a valve for controlling the sup 
ply of filuid to Said cylinders, a Solenoid for actuat 
ing said valve, means including a second control 
valve for supplying pressurized fluid to said cyl 
inders so as to return said pistons, a second 
solenoid for actuating said second valve, ener 
gizing circuits for said Solenoids, cyclically 
operable timing means for effecting energization 
of said first solenoid during an accurately timed 
interval, and power-driven cycling switch means 
for initiating Operation of Said tinning means 
and for controlling the energization of Said sec 
Ond Solemoid. w 

3. In an apparatus of the class described, a 
pair of horizontally opposed pistons, a pair of 
fluid cylinders for the respective pistons, input 
and exhaust valves operatively connected to one 
end of each cylinder, fluid supply and exhaust 
means under control of said valves, means includ 
ing a Solenoid for actuating said valves, means 
including another valve and an operating Sole 
noid therefor for Supplying pressurized fluid to 
Said cylinders at the other end thereof so as to 

While a 3 

10 

5 

20 

40 

45 

60 

70 

s 

O 
return the pistons, energizing circuits for said 
solenoids, cyclically-operable timing means for 
effecting energization of Said first Solenoid dur 
ing an accurately timed interval, and power 
driven cycling SWitch means for initiating oper 
ation of Said timing means and for controlling 
the energization of said second solenoid. 

4. In an apparatus of the class described, a 
pair of horizontally opposed pistons, a pair of 
fluid cylinders for the respective pistons, means 
for Supplying preSSurized fluid to said cylinders 
So as to drive said pistons toward each other, 
means including a valve for controlling the Sup 
ply of fiuid to said cylinders, a solenoid for actu 
ating Said valve, means including a second con 
trol valve for supplying pressurized fiuid to said 
cylinders So as to return said pistons, a second 
Solenoid for actuating said second valve, ener 
gizing circuits for said solenoids, cyclically-oper 
able timing means for effecting energization of 
Said first Solenoid during an accurately timed 
interval, means for adjusting said timing means 
to Set precisely the desired timed interval, and 
pOWer-driven cycling switch means for initiat 
ing Operation of Said timing means and for con 
trolling the energization of said second solenoid. 

5. In an apparatus of the class described, a 
pair of horizontally opposed pistons, a pair of 
fluid cylinders for the respective pistons, input 
and exhaust valves operatively connected to one 
end of each cylinder, fluid supply and exhaust 
means under control of said valves, means in 
cluding a Solenoid for actuating said valves, 
means including another valve and an operating 
Solenoid therefor for suppling pressurized fluid 
to Said cylinders at the other end thereof so as 
to return the pistons, energizing circuits for said 
Solenoids, cyclically-operable timing means for 
effecting energization of said first solenoid dur 
ing an accurately timed interval, means for ad 
justing Said timing means to set precisely the 
desired timed interval, and power-driven cycling 
Switch means for initiating operation of said 
timing means and for controlling the energiza 
tion of Said second solenoid. 

6. In an apparatus of the class described, a pair 
of fluid cylinders, means for supplying pressur 
ized fluid to Said cylinders, means for detecting 
an unbalanced pressure rise in said cylinders, 
and means responsive to detection of such con 
dition for interrupting the supply of fluid to said 
cylinders. 

7. In an apparatus of the class described, a 
pair of horizontally opposed pistons, a pair of 
fluid cylinders for the respective pistons, means 
for Supplying pressurized fluid to said cylinders, 
means for detecting an unbalanced pressure rise 
in Said cylinders, and means responsive to detec 
tion of Such condition for interrupting the supply 
of fluid to Said cylinders. 

8. In an apparatus of the class described, a 
pair of opposed pistons, a pair of fluid cylinders 
for the respective pistons, means for supplying 
pressurized fluid to said cylinders, means includ 
ing a valve for controlling the supply of fiuid to 
Said cylinders, a Solenoid for actuating said 
valve, a source of electric current, timing means 
for supplying current from said source to said 
Solenoid during an accurately timed interval, 
and means responsive to an unbalanced pressure 
rise in Said cylinders for interrupting the oper 
ation of Said timing means so as to interrupt the 
current flow to said Solenoid. 

9. In an apparatus of the class described, a 
pair of horizontally opposed pistons, a pair of 
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fluid cylinders for the respective pistons, means 
for supplying pressurized fluid to said cylinders 
SO aS to drive Said pistons toward each other, 
means including a valve for controlling the supply 
of fluid to said cylinders, a solenoid for actuating 
Said valve, means including a second control valve 
for Supplying pressurized fiuid to said cylinders 
SO as to return Said piston, a Second Solenoid for 
actuating said Second valve, energizing circuits 
for Said solenoids, cyclically-operable timing 
ineans for effecting energization of said first Sole 
inoid during an accurately timed interval, power 
driven cycling SWitch means for initiating opera 
tion of said timing means and for controlling the 
energization of said second solenoid, and means 
responsive to an unbalanced pressure rise in said 
Cylinders for interrupting the operation of said 
timing means so as to interrupt the energization 
of Said first Solenoid. 

10. In an apparatus of the class described, a 
pair Of horizontally opposed pistons, a pair of fluid 
cylinders for the respective pistons, input and 
exhaust valves operatively connected to each 
Cylinder, fluid supply and exhaust means under 
Control of Said Valves, means including a solenoid 
for actuating Said valves, means including an 
Other valve and an operating solenoid therefor 
for Supplying pressurized fluid to said cylinders 
So as to 1return the pistons, energizing circuits for 
Said Solenoids, cyclically operable timing means 
for effecting energization of said first solenoid 
during an accurately timed interval, power-driven 
Cycling Switch means for initiating operation of 
Said tinning means and for controlling the ener 
gization of Said second solenoid, and means re 
Sponsive to an unbalanced pressure rise in said 
Cylinders for interrupting the operation of said 
tinning lineans so as to interrupt the energization 
of Said first Solenoid. 

11. In combination, fluid pressure-actuated 
means Operable through a work stroke and a 
return stroke, means for supplying pressurized 
fluid to said first-mentioned means so as to oper 
ate the Same through the Work stroke, means 
including a first valve for controlling the supply 
of fluid to said first-mentioned means, a first 
Solenoid for actuating Said valve, means includ 
ing a second control valve for supplying pressur 
ized fuid to said first-mentioned means so as to 
operate the Same through the return stroke, a 
Second Solenoid for actuating said Second valve, 
a pair of cyclically-operable switches, actuating 
means for said Switches, cyclically-operable tim 
ing means under control of One of said Switches 
and adapted to operate through a timing cycle 
each time the switch closes, an energizing circuit 
for said first Solenoid controlled by said timing 
means, and an energizing circuit for said second 
Solenoid controlled by the other of Said Switches. 

12. In combination, fluid pressure-actuated 
lileans operable through a work stroke and a re 
turn stroke, means for supplying pressurized fluid 
to Said first-mentioned means So as to operate 
the same through the Work stroke, means includ 
ing a first valve for controlling the supply of fluid 
to Said first-mentioned means, a first Solenoid for 
actuating said valve, means including a second 
control valve for supplying pressurized fuid to 
said first-mentioned means so as to operate the 
same through the return stroke, a second Solenoid 
for actuating Said Second valve, a pair of cam 
actuated cyclically-operable SWitches, an electric 
motor arranged to drive the actuating cams of 
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said switches, cyclically-operable timing means 
under control of One of Said Switches and adapted 
to operate through a timing cycle each time the 
switch closes, an energizing circuit for said first 
solenoid controlled by said timing means, and an 
energizing circuit for said Second solenoid con 
trolled by the other of said Switches. 

13. In an apparatus of the class described, a 
pair of opposed pistons, a pair of fluid cylinders 
for the respective pistonS, means for supplying 
pressurized fluid to said cylinders so as to drive 
said pistons toward each other, means including 
a first valve for controlling the Supply of fluid 
to said cylinders, a first solenoid for actuating 
said valve, means including a second control 
valve for supplying pressurized fluid to said cylin 
ders S0 as to return said pistons, a Second Solenoid 
for actuating Said second valve, a pair of cycli 
cally-operable switches, actuating means for said 
switches, cyclically-operable timing means under 
control of one of said Switches and adapted to 
operate through a timing cycle each time the 
Switch closes, an energizing circuit for said first 
Solenoid controlled by said timing means, and an 
energizing circuit for Said Second solenoid con 
trolled by the other of Said Switches. 

14. In an apparatus of the class described, a 
pair of opposed pistons, a pair of fluid cylinders 
for the respective pistons, means for Supplying 
preSSurized fluid to said cylinders So as to drive 
Saidi pistons toWard each other, means including 
a first valve for controlling the supply of fluid to 
Said cylinders, a first solenoid for actuating said 
valve, means including a second control valve for 
Supplying pressurized fluid to said cylinders So 
as to return said pistons, a second Solenoid for 
actuating said Second valve, a pair of cam-actu 
ated cyclically-operable Switches, an electric 
motor arranged to drive the actuating cams of 
said switches, cyclically-operable timing means 
under control of One of said Switches and adapted 
to operate through a timing cycle each time the 
Switch closes, an energizing circuit for said first 
Solenoid controlled by Said timing means, and 
an energizing circuit for said second solenoid 
controlled by the other of said switches. 

15. Apparatus according to claim 13, including 
means for differentially controlling the fluid Sup 
pied to said cylinders through said first valve. 

16. Apparatus according to claim 13, including 
means for detecting an unbalanced pressure rise 
in said cylinders, and means responsive to de 
tection of such condition for interrupting the 
Supply of fluid to said cylinders. 

ROBERT L. ALCORN, JR. 
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