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This invention relates to power transmissions, 
particularly to those of the type comprising two 
or more fluid pressure energy translating devices 
one of which may function as a pump and an 
other as a fluid notor. 

. . The invention is particularly concerned with 
a transmission system adapted for operation of 
a reversible double-acting motor, for example, the 
operating ran of a hydraulic press, shear, punch, 
or the like. For certain classes of work such as 
metal drawing, punching, and shearing, mechand 
cal crank-operated presses have been widely used 
in the past due to their greater operating speeds, 
and it is only within the past few years that hy 
draulic press speeds have approached the point 
where they can successfully compete with me 
chanical presses in this class of Work. 
The usual mechanical press is controlled by a 

one-revolution clutch. This clutch is controlled 
from a lever or foot pedal in such a way that 
when the pedal is operated, the press is started 
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and goes through one cycle, consisting of a for 
ward and a return stroke, coming to rest at the 
end of the return stroke if the pedal has in the 
meantime been released. If, however, the pedal 
is held in the starting position, the press wil op 
erate in continuously repeated cycles so long as 
the pedal is held there, and when the pedal is 
released the press will stop at the end of the next 
return stroke. Control systems for hydraulic 
presses are commonly arranged so that it is neces 
sary to manually initiate each separate cycle, or 
if continuously repeated cycles are desired, it is 
necessary to operate a starting control to start 
the pressin operation and to later operate-a stop 
ping control when it is desired to terminate the 
operation. * . . 

It is an object of the present invention to pro 
vide an improved hydraulic transmission system 
of the class described wherein simple control 
means is provided for permitting either single 
cycle or repeated cycle operations from a single 
control element which, when moved to one posi 
tion, will start the system in operation either 
through one cycle or through repeated cycles, de 
pending upon how long the control element is 
maintained in the starting position... . 

It is a further object to provide a system of 
this character with improved emergency stopping 
mechanism which is effective to stop the motor 
whetherit is on an advancing stroke or on a re 
turn stroke and which emergency control may be 
effected by operation of a single lever in one die 
rection regardless of whether the motor is on its 
advancing or returning stroke. 

Further objects and advantages of the present 
invention will be apparent from the following 
description, reference being had to the accom 
panying drawing wherein a preferred form of the 
present invention is clearly shown. 

In the drawing the single figure is a diagram 
natic view of a power transmission system in 
corporating a preferred form of the present in 
Vention 
The pump is adapted to be driven by a prime 

nover such as an electric motor 2 to withdraw 
fluid from a tank f4 through a suction conduit f6 
and deliver the same to a delivery conduit 8 have 
ing a conventional relief valve 2 for by-passing 
fluid to the tank through a conduit 22 whenever 
a predetermined safe pressure is exceeded in the 
conduit f. 
The conduit leads to the pressure port. 24 of 

a pilot-operated four-way valve 26. The tank 
ports 28 of the valve 2 are connected by a con 
duit to the tank. Cylinder ports 32 and 34 
connect by conduits 36 and 38 to the head and rod 
ends respectively of a cylinder 40. Within the 
cylinder 4 is reciprocably mounted a piston 42 
having arod 44 to which is attached a platen 46 of 
a hydraulic press. The cylinder 40 and piston 42 
constitute a reversible double-acting fluid motor, 
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although it will be understood that other types of 
fluid motor including those of the rotary type 
may be equally suitable for use with the present 
invention, for example, under conditions where 
alternately reversing rotary movement may be 
required. 

Interposed in the conduit 38 is a pressure re 
sponsive foot valve 48 of well-known construc 
tion comprising a spool 50 normally held to the 
left in closed position by a spring 52 and adapted 
to be moved to the right by pressure in the con 
duit 3 transmitted through a conduit 54 to the 
left-hand end of the spool 50. The valve 48 is 
preferably adjusted so that the pressure required 
to open the same and which is produced in the 
rod end of cylinder 40 by the gravity load on the 
piston 42 is sufficient to provide a source of fluid 
for pilot control purposes. A check valve 56 per 
mits free flow through the conduit 38 into the rod 
end of the cylinder 40. 
The pilot-operated four-way valve 26 is pro 

| vided with a spool 5s having a land 50 which 
blocks the port 4 in center position and a land 
2 which is beveled off on its opposite sides to 

55 

permit free flow from port 24 to port 28 when the 
valve is in center position. The spool 58 has pis 
ton stems 4 and 6 slidably mounted in bores 68 
and formed in the end caps 72 and 74. Con 
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trol connections 76 and 78 communicate with the 
bores 68 and 70 by means of adjustable restric 
tions 80 and 82 in parallel with which are a pair 
of check valves 84 and 86. Emergency control 
connections 88 and 90 communicate with the 
bores 68 and 70 directly, that is, without passing 
through the restrictions and check valves. 
The spool 58 is provided with a shoulder 92 at 

its right-hand end which is adapted to engage a 
detent 94 pivoted at 96 in the valve body and 
Spring-biased in a counterclockwise direction to 
the position shown in the drawing. A suitable 
control lever 98 is provided for swinging the de 
tent clockwise to release the same from engage 
ment with the shoulder 92. 
For the purpose of normally controlling the pi 

lot-operated valve 26, a four-way pilot valve OO 
is provided having ports P, T, and 2. The lat 
ter are controlled by a rotor 02 which is shifta 
ble forty-five degrees clockwise from the position 
shown to transpose the connections through the 
valve. Port P is connected by a conduit 04 with 
the conduit 38 at a point between the cylinder 40 
and the foot valve 48. Port T is connected to 
tank by a conduit 106. Ports and 2 connect by 
conduits 08 and O with the control connec 
tions 76 and 78 respectively. 
The rotor of pilot valve OO is provided with a 

lever 2 which may be controlled by suitable 
dogs 4 and 16 carried by an extension rod 8 
secured to the platen 46. When the platen is in 
its uppermost position, the dog f4 shifts the 
lever 2 and rotor 02 into the position shown 
in the drawing. When the platen reaches its 
lowermost position the dog "f 6 contacts the lever 
2 to shift the rotor 02 clockwise forty-five de 

grees and transpose the Connections. The dog 
6 may be adjustably mounted on the rod 8 

and is adapted to be completely removed there 
from When it is desired to control the end point 
of the working stroke from the working pres 
sure rather than from the position of the platen 
46. - 

For this purpose the rotor O2 is provided with 
a second lever 20 adapted to be operated by a 
piston f 22 slidably mounted in a cylinder 24 and 
urged to the left by a spring 26. The left end of 
cylinder 24 connects by a conduit. 28 with the 
conduit 36, a suitable shut-off valve 30 being 
provided in the conduit 28. When, at the com 
pletion of a working stroke, the pressure builds 
up to a sufficient value to overcome the force of 
tne spring 26, the piston 22 moves to the 
right shifting the lever 20 and rotor 02 in a 
clockwise direction to transpose the connections 
through pilot valve 00 in the same nanner as 
When the same is shifted by the dog 6. The 
dog f 6 and the piston 22 thus constitute alter 
native means for shifting the pilot valve 00 at 
the completion of a working stroke. 
For purposes of emergency control a second ro 

tary pilot valve 32 is provided which is similar 
to the pilot valve O0. The rotor 34 of valve 
32 may be controlled by a hand lever 36 which 

is biased by a spring 38 in a clockwise direction 
and maintained in its center position as shown b 
a stop pin 40. 

Port P of pilot valve 32 connects by a conduit 
f 42 to the conduit 38 while port T connects by a 
conduit 44 to the emergency control connection 
88. Port 2 connects by a conduit 46 to the con 
duit 36 while port connects by a conduit 48 to 
the emergency control connection 90. 

In operation, assuming the parts to be in the 
position shown in the drawing and that the mo 
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tor 2 and pump to are operating, fluid is with 
drawn from the tank f4 through the conduit 6 
and delivered through conduit f8 to port 24 of 
valve 26 from which it passes out port 28 and 
through conduit 30 to tank. The pump O is thus 
bypassed with negligible resistance. 
The piston 42 is held stationary because the oil 

in the rod end of the cylinder 40 is trapped from 
escaping through the conduit 38 both by the foot 
valve 48 and by the land 60 in the four-way 
valve 26. The platen 46 thus remains stationary. 
To Start a cycle of operations, the lever 98 is 

moved clockwise to retract the detent 94. Since 
pressure is maintained in the cylinder 70 through 
the conduit 104, ports P and 2 of valve 00, and 
conduit fo, the spool 58 shifts to the right at a . 
Speed determined by the setting of the restrictor 
80 which determines the rate at which oil can 
be discharged from the cylinder 68 at the right 
hand end of valve 26. Fluid, of course, enters 
the cylinder 70 freely through the check valve 86. 
With the Spool 58 thus shifted to its right-hand 

position port 24 is placed in communication with 
port 32 and port 28 is placed in communication 
with port 34. Oil thus passes from conduit 8 
through conduit 36 to the head end of cylinder 40 
causing the piston 42 to move downwardly dis 
charging oil from the rod end through conduit 38, 
foot valve 48, ports 34 and 28, and conduit 30 to 
tank. 

ASSunning that the valve 30 is closed and the 
dog f6 is in place, as the platen approaches its 
lowermost position dog i? 6 will contact lever 2 
shifting the rotor 02 clockwise and transposing 
the connections in pilot. valve OO. Pressure oil 
from conduit 38 then passes through conduit 04, 
ports P and of valve OO and conduit 08 to the 
cylinder 68, thus shifting the spool 58 to the left 
at a speed determined by the setting of restrictor 
82. Oil discharged from the cylinder 70 passes 
through conduit 0, ports 2 and T of valve 100 
and conduit fo6 to the tank. With the spool 58 
thus shifted to its leftmost position port 24 is 
placed in communication with port 34 and oil 
flows from conduit 8 through conduit 38 and 
check valve 56 to the rod end of cylinder 40. The piston 42 accordingly moves upwardly discharg 
ing oil from the head end of cylinder 40 through 
conduit 36, ports 32 and 28, and conduit 30 to 
tank. The same action takes place when the 
piston 22 is connected to cause shifting of valve 
f00 when a predetermined pressure builds up in 
line 36. 
As the platen approaches its upper position, 

dog 4 contacts lever 2 to shift the rotor 2 
counterclockwise into the position shown in the 
drawing. Pressure from conduit 38 is thus again 
transmitted through conduit 0 to the cylinder 
70, Shifting spool 58 to the left. 

If, in the meantime, the lever 98 has been 
released to position the detent 94 in the path 
of the shoulder 92, the spool 58 will only shift 
as far as its center position, thus bringing the 
piston 42 to a stop and restoring the system 
to its starting condition previously described. If, 
however, the lever 98 has not been released prior 
to the shifting of valve 100, the spool 58 will shift 
all the Way to the right, initiating a second cycle 
of operation identical to that previously de 
Scribed. Thus it is apparent that the piston 42 
Will start and complete one cycle of operations 
if the lever 98 is shifted clockwise and released 
before the cycle is completed, and that if the 
lever is not released, the piston 42 will continue 
to operate through repeated cycles until the lever 
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is released, after which the piston will come to 
rest the next time that it reaches its uppermost 
position. As will be apparent, the reversal of 
the platen 46 at the bottom of its stroke may 
be made to occur in response to pressure rather s 
than position by removal of the dog B and 

v opening the valve 30. 
If during any part of the cycle an emergency 

should arise necessitating immediate stopping or 
reversal of the piston 42, the lever 36 can be 10 
operated counterclockwise to open connections 
through the pilot valve 32. If the lever f3 be 
thus shifted while the piston 42 is moving down 
wardly, it will be seen that communication is 
established from the conduit 86 (which is under 15 
pressure through conduit 46), ports 2 and T 
of valve 32, and conduit 144 to the connection 
88. Since the spool 58 is in its right-hand posi 
tion on the down stroke of piston 42, oil entering 
the cylinder 68 will shift the spool 58 toward 20 
the left discharging oil from the cylinder. 
through connection 90, conduit 48, ports and 
P of valve 32 and conduit 42 to conduit 8. 
The conduit 38 is in communication with the . 

... tank while the spool 58 is in its right-hand posi- 25 
tion. As soon as the spool reaches its center post 
tion this communication is blocked so that oil 
can no longer discharge from the cylinder 
through the connections described. The piston 
42 is thus brought to rest substantially instan- 30 
taneously by shifting lever 36. 

It will be noted that during this emergency 
shifting of the spool 58, conduit 108 is connected 
to tank and conduit to is connected to pressure 
in line 38. Inasmuch as the communication of 35 
conduits foe and ff0 with the cylinders 68 and 

is through the restrictors 80 and 82 it will be 
seen that only a limited quantity of oil entering 
the emergency connection 88 will be discharged 
to tank through the restrictor 80, the remainder 40 

... being effective to shift the piston 64. Likewise 
at the left end of valve 26, the pressure oil enter 
ing from conduit i 10 through restrictor 82 and 
discharged to tank through the connection 90 
will be limited in quantity. 
brought to a stop on its working stroke by down 
Ward actuation of the lever 8. . 

If, on the other hand, .thepress should be 
on a returning stroke and an emergency arise, 
the lever 36 may be likewise shifted down- so 
wardly to establish the same connections through 
the valve 132. Under these conditions, the spool 
5 being in its leftmost position and the line 
38 being under pressure, oil from this line will 
flow through the conduit 42, ports P and of ss 
valve 32 and emergency connection 9 to the 
cylinder T). The spool 58 thus shifts to the right . 
discharging oil from cylinder it through con- . 
nection , conduit 44, ports T and 2 of valve 
32 and conduit 4 to conduits which is in 
communication with the tank at this time. Inas 
much as the lever. Would normally have been 

'released prior to shifting the lever 3, the detent 
9 is in the path of the shoulder 92 so that the 
spool US can only shift to the right as far as its is 
center position. During this rightward shifting 
the communication of cylinder with the tank 
through conduit is restricted by the restrictor 
82, while the pressure connection of cylinder 

ugh conduit: 8 is likewise restricted by the O 
estrictor 80, thus permitting the emergency con 
nections to predominate in shifting the valve 
spool as previously described. ? 

Thus the press is 45 

3 
Obviously the two levers 36 and 98 can be 

connected for operation from a single control 
element arranged in abutting relation to each 
lever so that the single element when shifted in 
one direction (clockwise) away from its neutral 
position will operate the lever 98 and when shifted 
in the opposite direction away from neutral will 
actuate the lever 36. The spring biases acting 
on levers 36 and 98 will normally hold such 
control element in neutral position. n 

Likewise it will be understood that foot valve 
48 may be omitted if it is desired to utilize a 
different means for supplying pressure fluid to 
conduit fo4 for operating the pilot circuits con 
trolled by valve fee. For example, the beveling 
at land 62 may be made such as to produce sufi 
cient back pressure in line f8 when spool 8 is 
centered to operate the pilot circuit, and the line 
O4 may then be connected to line 8 instead of 

line 8. On the other hand, an auxiliary source 
of pilot pressure independent of the main operat 
ing circuit may be utilized. 
While the form of embodiment of the invention 

as herein disclosed constitutes a preferred form, 
it is to be understood that other forms might 
be adopted, all coming within the scope of the 
claims which follow. 
What is claimed is as follows: a 
1. In a hydraulic power transmission system 

the combination with a source of pressure fluid 
and a double-acting reversible fluid motor of a 
directional control valve having forward, neutral 
and reverse positions for controlling the flow of 
fluid to the motor to respectively advance, stop 
and retract the motor, a pilot motor for shifting 
the control valve, pilot control means, for causing 
the control valve to shift between the forward 
and reverse positions at the completion of each 
stroke, a detent arranged in the path of move 
ment of the control valve from reverse to fora 
Ward position to hold the valve in neutral posi 
tion, means for retracting said detent to start 
operation of the motor through repeated cycles 
of advancing and retracting strokes while said 
detent is held retracted, and a second pilot con 
trol means connected with said pilot motor and 
shiftable in a single direction for causing shifting 
of said control valve in either direction depending 
on whether it lies in the forward or reverse post 
ton. ' ’ ” 

2. In a hydraulic power transmission system 
the combination with a source of pressure fluid 
and a double-acting reversible fluid motor of R. 
directional control wave having forward, neutra 
and reverse positions for controlling the flow of . 
fluid to the motor to respectively advance, stop, 
and retract the motor, a pilot motor for shifting 
the control valve, pilot control means for causing 
the control wave to shift between the forward. . 
and reverse positions, at the completion of each 
stroke, a detent arranged in the path of move 
ment of the control valve from reverse to for 
ward position to hold the valve in neutral posi 
tion, means for retracting said detent to start 
operation of the motor through repeated cycles 
of advancing and retracting strokes while said 
detent is held retracted, and emergency control 
means connected with said pilot motor and shift 
able in a single direction in a manner to shift 
the control valve in a direction opposite to that 
dictated by the pilot control means when the 
emergency contro means is actuated 
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