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This invention relates to an improvement in 
hydraulic controls, and while not necessarily so 
limited, pertains more particularly to a control 
system for forging presses and especially hy 
draulic presses of a type commonly referred to 
as “direct pumping presses.' Presses of this type 
are presses in which the hydraulic pressure for 
effecting their pressing operation is supplied di 
rectly from power-driven pumps, the pressure de 
livered to the press by the pumps being deter 
mined, up to the extent of the pump capacity, by 
the resistance encountered by the movable press 
head, . . . . . . . . . . . . . . . . . . . . . . 

One object of the invention is to provide a 
control which is capable of increasing the Speed 
of operation of this type of press and which is 
of considerable advantage in heavy duty presses. 
Another. object of the invention is to improve 

the means available to the operator of presses 
of this character for holding a workpiece at a 
selectively controlled pressure between the press 
heads, which is highly desirable for various 
reasons and especially when it is necessary to 
shift the handling equipment associated with the 
press. . . . . . . . . . . . . . . . . . . . . . 

A further object is to provide for easily and 
'dependably immobilizing the moving press head 
at any selected point in its stroke. - - . 

It is also an object to provide a control of this 
'character which lends itself to the utilization of 
improved features of design in the press itself. 
These and various other objects, as well as nu 

merous other features and advantages of the in 
vention, will be readily apparent to those skilled 
in the art when the following description of the 
embodiments of the inventions therein illustrated is read in conjunction with the accompanying 
drawings. is . . . . . . . . . . . . . 

Figure 1 is a schematic view partly in section 
of one embodiment of the invention. . . 

Figure 2 is a sectional view of the servo-motor 
construction shown in Figure 1:... . . . 

, Figures 3, 4, 5, 6, 7 and 8 are, horizontal sec 
tional views taken on the lines III-III, IV-IV, 
V-V, VI-VI, VII-VII and VIII-VIII respec 
tively of Figure 2 and Figure.9 is a sectional view 

in Figure 1. . . . . . . . . . . . . . . 
-Referring to Figure 1 of the drawings, refer 

'ence character designates generally an hy 
(draulic press of the direct pumping type which 
comprises a frame not shown, a stationary head 
2, a moving head 3, a main cylinder 4, 

of a modification of the valve assembly shown 

in the main cylinder 4 is connected to the center 

13 Claims. (CI, 60-51) 

- r., and bal ance cylinders 5. A plunger or piston 6 operating 

of the moving head to provide the working pres 
sure therefor, and pistons 7 in the balance cylin 
ders 5 are connected to opposite ends of the mov 
ing head 3 for retrieving the moving head. . . 
For actuating the plunger 6 of the main cyl 

inder 4 it is connected by a pipe 8 to a main pump 
9 which is driven by a motor not shown. In a 
similar fashion the balance cylinders 5 are con 
nected by a pipe i? to an accumulator 2 which 

10 is in turn connected by a pipe 3 to an auxiliary 
pump 14 also equipped with a driving motor not 
shown. The auxiliary pump.f4 supplies the de 
sired pressurized fluid to the accumulator 2 so 
that from the accumulator, fluid under constant pressure will be supplied to the pipe? and thence 
to the two pull-back cylinders 5. By a proper 
regulation of the controls of the pump 14 de 
sired pressure may be maintained within the ac 
cumulator 12 so that the combination of the * two serve as a constant pressure source. 
"While other means may be employed for such 

purpose, in the system shown, a single sump 5 is 
provided for supplying and storing the hydraulic 
fluid used in the system. This sump, as indi 
cated, is connected by a header f6 to both the 
main pump 9 and the auxiliary pump 4, and 
may be either elevated or provided with a means 
not shown to establish in it a desired static pres 

; Ste. 
30 A valve assembly it is interposed in the sup 

ply line 8 between the main pump 9 and the main 
cylinder 4 to control the flow of water from the 
main pump to the main cylinder, and back to the 

i sump 5. A pipe. 8 is connected between the 
35 valve assembly 7 and the sump 5 to control, 

in a manner which will be presently explained, 
the flow of water to and from the valve assem 
bly and the sump. . . - - - 
To prevent over-loading of the main pump 9, 

40 which is preferably of a constant discharge type, 
a by-pass 9 having in it a relief valve 2 is con 
nected between the main line 8, and the return. 
line 18 to the sumpf 5. While this relief valve 
which determines the maximum output pressure 

45 of the main pump may take various forms, the 
construction disclosed in the present inventor's 
United States patent application Serial No. 
765,125, filed July 31, 1947, and issued as Patent 

"No. 2,571,007 on October 9, 1951, is recommended 
50 for this purpose. . . . . Referring in detail to the valve assembly 17, a 

main housing 22 is provided in which there is 
a suitably formed passage or duct 8a comprising 

'' that part of the main line 8 extending through 
55 the valve assembly. Also formed in the hous 
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ing 22 is a duct 8a, which is connected to the 
Sump return line 8 and which terminates in 
the housing 22 in an enlarged opening 23. This 
latter opening 23 is connected by a duct 24 with 
the main line duct 8a to provide a flow connec 
tion between the main cylinder 4, the main pump 
9, and the Sump 5. In order to regulate the flow 
between main line duct. 8a, and the return flow 
duct 8a, a shut-off and throtting valve 25 is po 
sitioned in a bore 26 communicating with the 
enlarged opening 23 at the inner end of the re 
turn flow duct 8a, and is so arranged as to seat 
On the upper end of the duct 24 which connects 
the main line duct 8a, with the return flow 
duct 8a. 
For Controlling the flow between the balance. 

cylinders and the main cylinder through the main 
line duct 8a of the valve assembly 7, a valve 2. 
is arranged to operate in a bore 28 which inter 
Sects the main line duct 8a, and to seat, when 
closed on the upper end of a smaller duct 29a. 
This latter duct 29a has connected to it a pipe 
29 which is in turn connected to the pipe con 
necting the balance cylinders, 5 of the press with 
the accumulator 2 which supplies their operat 
ing pressure. At the point where the bore 28 for 
the main line valve 2 intersects the main line. 
duct. 8a, the main line duct is enlarged as indi 
cated at 3 to permit a flow through the main 
line duct around the main line valve 27. 
Mounted on Supports 32 on the valve housing 

22 in line with the bore 28 for the main line 
Valve 27 there is arranged a cylinder 33 for con 
trolling the movement of the main line valve 2. 
The piston 34 of this cylinder is equipped with a 
piston rod 35 which is fitted in a bore 36 com 
municating with the bore 28 for the main line 
valve 27, and has its free end disposed to rest on 
the top of the main line valve 2. Underneath 
this cylinder 33 a coil spring 37 is fitted on the 
piston rod 35 and is adapted to normally bias the 
main line valve 27 to its closed position. To per 
form this function the upper end of this spring 
37 is rested against the bottom of the cylinder 
33 and its lower end against a fitting 38 secured 
to the piston rod 35. This spring is provided 
With Sufficient tension to hold the valve 2 closed 
When the throttling or return-flow valve 25 is 
Open and there is little or not any pressure in 8d. 
To permit adjusting the tension in the spring 3, 
the fitting is arranged to rest on an adjustable 
nut 37a threadably secured to the rod 35, and be 
tWeen the top of the bore 28 and the duct. 8a, a 
bleed duct 28a is provided. 
The object of the cylinder 33 more specifically 

is to provide, as may be needed in the function 
ing of the System, for relieving the pressure in 
posed on the main line valve 27 by the rod 35 
through the influence of the spring 31. To ac 
Complish this, a liquid Supply line 39 is connected 
to this cylinder 33 and to a suitably controlled 
preSSure Supply which in this instance, although 
it could be otherwise arranged, is furnished by 
the servo-motor 4. 

In light presses the return-flow throttling valve 
25 may be operated directly from an operating 
lever, or by other means not shown. For heavy. 
duty presses, however, a servo-motor such as the 
Servo-motor 4 or the like is desirable for this 
purpoSe. w 

The primary duty of this servo-motor 4 is to 
Control in the main cylinder exhaust circuit the 
operation of the return-flow and throttling valve. 
25 contained therein and located in the sump re 
turn line duct (8a. To so function it is mounted 

O 
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On SupportS 42 Secured to the valve housing 22 
with its piston connected by a connecting rod 43 
to the throttling valve 25. The operating pres 
Sure for this servo-motor is supplied by a pump 
A4 actuated by a pump motor not shown and con 
nected thereto by inlet and exhaust lines 45 and 
46 respectively. For controlling said servo-motor 
a control element, 47 is connected to a pivoted 
operating lever 48 by means of a floating lever 
Connection consisting of a lever 49 and a link 5. 
The lower end of the lever 49 is pivotally con 
nected to the outer end of the servo-motor con 
trol element 47, and the ends of the link 5. are 
pivotally connected to the lever 49 and to the 
Control ever 48. 
The free end of the lever 49 is equipped with 

a roller 52 that is arranged to bear on a cam 
53 Which is actuated by the movement of the 
nowable press head 3, the roller 52 being held 
in. Contact with the cam by a coil spring 54 
mounted between it and a support 55. The 
curvature of calm 53 is such that in accordance 
With the movement of the press head the roller 
52 in contact with the cam moves a proportional 
amount and the diameters of the Sprockets 57 
and 59 are, so related that the cam roller will be 
Eaowed from its minimum to its maximum posi 
tion when the press head moves from its top to 
its lowermost position of its stroke. 

AS. shown, although the equipment for this pur 
pose may take other forms, the cam 53 is secured 
to, a shaft. 56 or to a sprocket. Wheel 5 mounted 
on the shaft. 56. Around this sprocket wheel 57 
there is nounted a chain 58 which is extended 
in One direction over an ider 59 and connected 
to the moving preSS head 3 and in the other di 
rection over another idler 6 and connected to a 
counter-weight, 62. With this arrangement when 
the press head is moved down Ward, the can 53 
and the Sprocket 5 are caused to move in a 
counter-clockwise direction by the press head 3, 
and when the preSS head is raised, they are caused 
to move in a clockwise direction by the counter 
Weight 62. Thus irrespective of the position of 
the servo-motor control lever 48, the position of 
the Servo-motor control element 47 is influenced 
by the position of the moving press head. For 
reasons which will presently be made more ap 
parent, the cam 53 is generated on a curve which 
imparts to the roller 52 on the lever 49 as the 
cam is rotated a displacement relative to the 
cam center which is substantially directly pro 
portionate to the distance, which the movable 
press head 3 moves relative to the fixed preSS 
head 2 when the former is actuated. 
While other designs of servo-motors may be 

used, the servo-motor. 4 is a constant-flow type 
of motor similar in general principles to that dis 
closed in the present inventor's Patent No. 
2,370,137, but widely varying in construction. As 
shown in Figures 2 to. 8, this notor comprises 
principally a combined cylinder and housing 63, 
a piston 64, an internal multiple valve 65, and 
a valve-controlling element 4. At its upper end 
the housing 63 has an enlarged main cylinder 
bore 66 and is provided with a detachable head 
67 held in place by bolts 68. In this main cylin 
der bore 65 the main piston 64 of the motor is 
arranged for reciprocal movement. Depending 
from the main piston is an elongate reduced 
portion 64a, which moves in a reduced bore. 69. 
his elongate portion 64d of the piston 64 is pro 

vided with a centrally extending axial bore in 
which the multiple valve 65 is arranged for move 
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ment axially of and relative to the piston por 
tion 64a. . . . . . . . . . . . . . . . ; . . . . . 

In the lower end of the multiple valve 65there 
is arranged a fitting 72 which is provided with 
a diagonal bore 73. In axial alignment within 
this bore 73 a somewhat larger bore 14 is ex 
tended through the piston extension 64a. The 
purpose of the bore 73 is to receive an angularly 
displaced extension 47a secured to the inner end 
of the valve-actuating element 47. Consequent 
ly as the valve-actuating element 47 is displaced 
axially by the actuating lever 48 or the cam 53, 
the multiple valve 65 is correspondingly moved 
with respect to the piston extension 64a, such 
relative movement being permitted due to the 
bores 74 in the extension 64a being larger than 
the bore 3. w 

To permit the assembly of the multiple valve 
65 in the piston extension 64a, the bore 7 is ex 
tended through the bottom of the piston exten 
sion 64a. The lower end of this latter bore T is 
provided with internal threads 75 for receiving 
the externally threaded end of the rod 43 which 
passes through a bore 76 in the lower end of the 
housing 63 and is connected to the throttling 
valve 25 in the return-flow duct 8a of the valve assembly housing 22. 
For housing and supporting the valve-actuat 

ing element 47, a laterally extending projection 
T7 is formed on the housing 63. This projection 
77 has in it an axially extending bore 79 which 
communicates with the vertical bore 69 in the 
housing 63, and in it there is inserted a centrally 
bored fitting 8 f in which the valve-actuating ele 
ment is mounted, being secured to the outer end 
of the projection 77 by bolts 82. 
The multiple valve 65 is equipped with three 

axially spaced valve sections 83, 84, and 85, 
which have a diameter permitting them to fit 
Snugly in the internal bore 7 of the piston ex 
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tension 64a, the balance of the valve element. 65. 
having a lesser diameter to allow for a flow of 
the motor-actuating fluid around the valve ele 
ment 65 between and below the valve sections. 
A central bore 65a is provided in the body of the 45 multiple valve to equalize pressure on the ends, 
of the valve. . . . . . . . . . . . . . - - - , 

The centrally disposed valve section 84 is em 
ployed to control the flow of the actuating fluid 
from the servo-pump 44 into the servomotor. 
To accomplish this the inlet pipe 45 from the 
servo-pump is connected to a port 86 which com 
municates with an annular groove 87 formed in 
the inner wall of the housing 63 opposite the 
valve section 84. This groove 87 is in turn con 
nected by radial ducts 88 in the piston extension. 
64a with an annular groove 89 formed in the 
bore opposite the valve section 84. To func 
tion as required the axial length of the valve 
Section 84 is made less than the axial width of 
the groove 89. Thus when the valve section is 
centered with respect to the groove 89, as it is 
When the servomotor is in its neutral position, 

55 

6. 

the inlet fluid is permitted to flow both upwardly... 
and downwardly of the body of the valve element 
65 in the bore f. 
The valve sections 83 and 85 are employed to 

control the flow of the actuating fluid from the 
servomotor back to the servo-pump 44 by way. of the return-flow pipe 46. Toward this end an 
annular groove 9i is formed in the inner wall of 
the housing 63 opposite the valve section 83, and an enlargement 92 is provided in the housing 63. 
which extends from a point above the valve sec 
tion 85 to the bottom of the bore 69. Also adja 75 

6, 
cent valve sections 83 and 85 respectively, inter 
nal annular grooves 93 and 94 are provided in 
the bore T. These grooves 93 and 94 and the 
valve sections 83 and 85 are so proportioned and 
arranged that when the valve section 84 is cen 
tered, an opening exists between the lower edge 
of groove 93 and the bore 71, and also an open 
ing between the upper edge of groove 94 and the 
bore 7 . This relationship, however, is such that 
when valve section 84 is moved to close off the 
lower edge of the adjacent groove 89 from bore 
7 I, valve 83 will close off its adjacent groove 93 
from bore 7 and valve 85 will increase the open 
ing between its adjacent groove 94 and bore 7 f. 
Conversely when valve section 84 is moved up 
wardly to shut off the upper edge of groove. 89 
from the bore 7 (, valve, section 85 will close off 
groove 94 from bore 7? and increase the opening 
between groove 93 and bore 7 . . 
Between the internal grooves 93 in the bore 

7 f and 91 in the bore 69 adjacent valve section 
83 there are formed radially disposed ducts 95 
which permit a flow of fluid from the groove 93 
into the groove 9 f. This latter groove 9 in turn 

i communicates with a port 96 to which the ex 
haust or return line 46 from the servomotor to 
the servo-pump is connected. Similarly, be 
tween the enlargement 92 in the bore 69 and the 
groove 94 adjacent the valve section 85 there 
are formed radially disposed ducts 97 which per 
mit a flow of fluid from the groove 94 into the 
enlargement 92 of the bore 69, which in turn 
communicates with a port 98 that is connected 
by a pipe 46a with the servo-pump return-flow 
pipe 46. . . . . . . 
For allowing the actuating fluid to flow from 

the servo-pump into the cylinder bore 66 at the 
top of the piston. 64 of the servomotor, a duct 
f of is formed in the piston 64 with its upper end 
terminating at the top of the piston and its low 
er end Communicating with the internal bore 
lf substantially midway between the annular 
grooves 93 and 89 opposite the valve sections 83 
and 84 respectively. Similarly, for allowing the 
actuating fluid to flow from the servo-pump to 
the cylinder bore 66 at the bottom of the piston 
64, a duct 02 is formed in the piston 64 with 
its upper end terminating in a circular groove 

3 formed in the lower face of the piston 64, 
and its lower end communicating with the inter 
nalbore 7 substantially midway between the 
grooves 89 and 94 in the bore 7 adjacent the 
valve sections. 84 and 85 respectively. 
As a further feature of this construction ports 

04, and 05 are provided in the cylinder wall 63 
adjacent the upper and lower ends respectively 
of the cylinder. bore 66 so that the fluid pressures 
existing at these points can be utilized, in addi 
tion to actuating the piston 64, for other control 
purposes as Will be presently explained. As illus 
trated in Figure 1, port? C4 is connected by pipe 
39 with the cylinder 33 utilized to counteract the 
influence of the coil spring 37 which normally 
urges the main line valve 27 toward its closed 
position. In this particular construction port iO5 
is plugged as it has no useful purpose but in 
the modified form of valve assembly this port 
is employed and serves a definite purpose. 
According to the construction shown in Fig 

ures 2 to. 8 inclusive, when the multiple valve 65 
is in its central or neutral position, that is, when 
the inlet valve section. 84 is centered with re 
spect to the adjacent groove 89, the actuating 
fluid from the servo-pump flows through pipe 
45 into the annular groove 87 in bore 69 by way 
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of port 86, thence through radial ducts 88 into 
groove 89. From the groove 89 part of the fluid 
flows over the top of the valve 84 into bore li 
from whence part thereof passes through duct 
to into the top of the cylinder bore 66, and the 
balance around valve 83 into groove 93, and out 
radial ducts 95 to groove 91, and by way of 
port 96 into return line 46 back to the servo 
pump. In a like fashion part of the inlet fluid 
passes around valve 84 into bore Ti below the 
valve section 84. This portion of the fluid flows 
in part through duct - 02 to the lower end of 
cylinder bore 66, whereby subjecting piston 64 
to substantially equal forces on its opposite 
sides, varying, of course, in accordance with the 
difference in their effective areas; the balance 

0. 

5 

of the fluid passing out the bottom of groove 
89 flows through bore 7 around valve section 
85 into groove 94 from whence by Way of radial. 
ducts 97 is passes into the enlargement 92 of 
bore 69 and out port 98 to pipe 46a and into 
the return-fiow pipe 46. 
To raise the connecting rod 43 the control ele 

ment 47 is moved inwardly and to force it down 
Wardly the control element 47 is moved outward. 
By these different movements of the control 
element 47 the multiple valve 65 is moved up 
or down as the case may be with respect to the 
piston extensions 64a. Hence the valve sections 
83, 84, and 85 are correspondingly moved with 
respect to the annular grooves in bore adja 
cent to them. 

If the control element 47 is moved in Wardly 
and thus the multiple valve 65 is moved upward 
ly, valve section 84 will tend to cause the inlet 
pressure to fow through duct 02 to the bot 
tom of cylinder bore 66 beneath piston 64, and 
when moved sufficienly will completely shut off 
the inlet flow to duct O. In the Sane Way 
valve 85 will tend to prevent the inlet pressure 
escaping through port 98 until moved sufficient 
ly when it will stop it completely, while valve 83 
will facilitate the escape of pressure from the 
top of piston 64 through duct of out through 
port 96 to the return-flow pipe 46. As a result 
pressure will build up on the lower face of piston 
64, and cause the latter to rise, raising the 

20 

25 

30 

40 

connecting rod 43 with it. As the piston raises, 
however, the valves 83, 84, and 85 will be re 
turned toward their neutral positions with re 
spect to the adjacent grooves 93, 89, and 94 
respectively, and as soon as this is accomplished 
no further movement of piston 64 will take 
place. When the control element 4 is moved 
outward, exactly the same operation of the piston 
occurs, but in the opposite direction and, of 
course, with attendant reverse flow into and out 
of the main cylinder bore 66 and the inlet and 
exhaust passages. - 

In such a servo-motor the fluid pressure acting 

50 

55 

60 
on the piston thereof will vary according to the 
resistance to movement which the piston en 
counters. When closing throttling valve 25, very 
little pressure will develop above the piston 64 
until such valve is completely closed, but in 
mediately upon its being closed, this pressure 
will rise to the pressure which the servo-motor 
pump 44 will develop, 
of this pump a relief valve 40 is connected be 
tween the supply and return lines 45 and 46 
respectively connected to this pump, and the 
setting of which will determine the maximum 
pressure the pump will deliver to the servo 
motor. While with such an arrangement a 
somewhat wasteful pump action is encountered 

To prevent overloading 

65 

70 

75 

8 
when the servo-motor is installed condition, this 
is not particularly objectionable for ordinary 
press operation because the duration of stalled 
periods is short. The constant flow pump is rec 
ommended because it is simple and cheap. When 
operations requiring long periods during which 
the Servo-motor is stalled are involved, a radial 
piston or equivalent variable flow pump with zero 
discharge at maximum pressure may be used. 
In accordance with the construction illustrated 

in Figure 1, the pressure which develops in the 
top of the servo-motor cylinder 66 is communi 
cated by the pipe 39 to the cylinder 33 employed 
to influence the operation of the main line valve 
27. As previously explained, the rod 35 bearing 
against the top of this valve is not connected 
to it. It is arranged to rest only on the top of 
this valve. Under normal conditions when there 
is no pressure in the cylinder 33, the main line 
valve 27 is urged to its closed position by the 
spring 37, and this spring is provided with a 
sufficient tension to hold the valve 27 closed 
against the pressure in the line 29 connected to 
the accumulator 2 which supplies pressure for 
the balance cylinders 5. 
When the throttling valve 25 in the sump re 

turn line 8 is fully open, due to lack of pres 
Sure in the top of the servo-motor cylinder 66, 
there will also be a lack of pressure in cylin 
der 33. On the other hand, when the throttling 
valve 25 is fully or practically closed, and un 
der which circumstances a pressure must be es 
tablished in the top of the servo-motor cylinder 
66 which is sufficient to overcome the pressure 
in main pump line 8, a similar pressure will be 
present in the control cylinder 33 tending to 
overcome the pressure of the spring 37. If the 
throttling valve 25 is fully closed, the pressure 
in the control cylinder 33 will be sufficient to 
cause the piston 34 which is attached to the rod 
35 to compress the spring 37 and thus render 
the main valve 27 free to act as a simple check 
valve, but it will only act as such under these 
conditions. It is to be noted that only part 
of the pressure in spring 37 need be relieved 
in order that the main valve 27 may open, since 
the pressure in line 29 strongly urges this valve 
toward its open position. This is important to 
the operator's control of the main valve because 
it makes it possible through the use of the servo 
notor which controls the throttling valve 25 for 
the operator to exercise control over the open 
ing of the main line interconnecting valve 27. 
When the throttle valve 25 is partially closed, 

only sufficient pressure is required at the top of 
piston 64 to offset the force produced on the bot 
tom of the valve 25 by the pressure in the main 
pump line 8 and which will vary with the extent 
the valve is open. 
To lift the movable press head 3, the pressure 

operated throttling valve 25 is opened and the 
interconnecting pressure operated valve 27 closed. 
This allows the water in the main press cylinder 
4 and main pump 9 to exhaust through the throt 
tling valve 25 into the sump 15, and the pressure 
in the balance cylinders 5 effected by the accu 
mulator to move the movable press head upwardly 
to the top of its stroke. 
To move the movable press head 3 down at a 

relatively slow speed, through proper actuation 
of the servo-motor 4t the main line pressure 
operated valve 27 is completely closed and the 
pressure operated throttling valve 25 is only par 
tially closed. This causes substantially all, but 
not all of the water delivered by the main pump 9 
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to flow into the main press cylinder 4 and develop 
a pressure therein which is sufficient to overcome 
the pressure in the balance cylinders 5 and move 
the press head downwardly. 
When a rapid lowering motion is desired, 

through proper actuation of the servo-motor 4 
the throttling valve.25 is closed entirely and the 
interconnecting valve 27 is opened. This allows 
the balance cylinders to exhaust into the main 
press cylinder along with all of the water from 
the main pump, with the result that the motion 
of the movable head is speeded up because of the 
larger area of the main press cylinder. Since 
downward movement of the press head is opposed 
by the fluid in the balance cylinders, obviously 

O 

5 
the rate at which the fluid escapes therefrom will 
be one of the factors determining the speed at 
which the head descends. 
When the movable press head engages the work 

on the fixed press head, the interconnecting valve 
27 acting as a simple check valve is closed by 
dropping due to its own weight into its closed 
position inasmuch as the high fluid pressure 
which normally exists in the line 29 during down 
ward movement of the press is now relieved by 
reason of interruption of rapid movement of the 
press head as it engages with a workpiece So that 
the movable press head will thereafter move down 
at normal pressing speed. 
To immobilize the movable press head, the 

throttling valve 25 in the sump line f8a is so 
adjusted, in accordance with the operation there 
of hereinafter set forth, that a pressure will be 

20 

25 

30 

established in the main press cylinder 4 which is 
just sufficient to counteract the pressure in the 
balance cylinders. Likewise when it is desired 
to hold the work between the press heads With a 
light pressure, as is desirable when shifting the 
handling equipment aSSociated with the press, 
the throttling valve 25 is adjusted, in accordance 
with the operation thereof hereinafter set forth, 
to maintain in the main press cylinder whatever 
pressure is required for this purpose. 
In accordance with this invention when it is 

desired to raise the movable press head 3, the 
control or handling lever 48 is moved to the left, 
as shown in the drawings, the distance necessary 
to adjust the throttling valve 25 to its open posi 
tion and allow the water in the main press cylin 
der to flow into the sump 5. 
the handling lever 48 lifts the valve 65 of the 
servo-motor upward and produces as previously 
explained a resulting upward movement of the 
pistOn 64 and the throttling valve 25 which is con 
nected to it by the Connecting rod 43. With this 

This movement of 
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55 operation of the servo-motor, the pressure in the 
servo-motor cylinder 66 is Substantially zero and 
consequently the pressure within the cylinder 
33, with which it communicates, is also substan 
tially zero so that there is no force tending to 
compress the spring 31. Consequently the main 
line valve is held closed by the spring 37. 
When the press head starts its upward travel, 

60 

the counter-weighted chain 58 passing around the w ... 
sprocket 57 carrying the cam 53, against which 
the end of the control lever 49 bears, starts to 
rotate in a clockwise direction. As this takes 
place, the spring 54 bearing against the lever 49 
moves the upper end of lever 49 to the left as 
permitted by the cam 53 which results in lever 49 
pivoting about the point where the link 51 is con 
nected to it. This tends to move the control rod 
47 of the servo-motor in a direction to cause the 

65 

servo-motor piston 64 to close the throttling valve 
25. To overcome this the operator must continue s 
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to move the control lever 48 to the left sufficiently 
to keep the throttling valve in the required posi 
tion to cause the press head to move upward. 
By the time the press head 3 reaches the top of 
its stroke, the operator will have moved the con 
trol lever 48 to its farthest left position. 
To move the movable press head 3 downward 

at a reduced speed, the operator moves the con 
trol lever 48 to the right sufficiently to cause the 
Servo-notor piston to move the throttling valve 
into a position with respect to its seat such that 
enough pressure will be supplied by the main 
pump 9 to move the press head downwardly 
against the pressure of the balance cylinders 5. 
In this operation of the servo-motor the high 
preSSure in the servo-motor cylinder 66 is at the 
top of the piston 64, and although the pressure 
may balance or even be sufficient to draw the 
piston 34 upwards and compress the spring 37, 
nevertheless upward movement of the valve 27 
is prevented due to the high pressure imposed 
upon the upper portion of the valve through the 
duct 28a connected to the main line duct 8a, car 
rying the full pumping pressure, which is sufi 
cient to oppose that resulting from the balance 
cylinders themselves. Consequently in this 
downward movement the press head is resisted 
by the full effect of the balance cylinder pressure, 
and the down speed is determined by the pressure 
delivered to the main cylinder 4 as controlled by 
the throttling valve 25. 
As the press head 3 starts down the cam 53 

actuated by the chain 58 attached to the preSS 
head is rotated in a counterclockwise direction. 
This results in the cam 53 tending to readjust the 
valve element 65 to a position which, without ad 
justment of the hand lever 48, would cause the 
press head to be stopped. To avoid this the Oper 
ator must continue to move the control lever 48 
Sufficiently to overcome the compensating effect 
of the cam 53 to keep the press nead moving. 
When it is desired to have the press head move 

downward at a rapid speed, the handling lever 
48 is moved to the right sufficiently to completely 
close the throttling valve 25, and thereafter this 
movement of the handling lever is continued 
Sufficiently to compensate for the offsetting action 
of the cam 53 So long as such downward move 
ment is desired. . Under these conditions the full 
effective high pressure in the servo-motor is at 
the top of the piston 64 and this pressure, which 
is communicated to the control cylinder 33 for 
the main press valve 27, is sufficiently high to 
cause the piston 34 in that cylinder to so com 
press the spring 37 which urges that valve closed, 
and due to the difference in the area between the 
main press cylinder and the two balance cylin 
der's, the main press cylinder being the greater, 
the main press plunger will move downward and, 
as the intensity of the pressure from the balance 
cylinders imposed upon the lower portion of the 
valve 27 is so much greater than that which is 
imposed by the pump on the top portion of the 
valve 27 tending to keep it closed, the valve 27 
Consequently Will open and permit the fluid being 
expelled from the balance cylinders to enter, the 
line leading to the top of the main press cylinder. 
When this occurs the discharge from the balance 
cylinders is fed into the main press cylinder by 
Way of the mainline 8, and due to the area of the 
main piston 6 greatly exceeding that of the bal 
ance pistons , the downward movement of the 
press head is thereby speeded up. When the 
press head meets a resistance, as by Striking a 
Work piece on the stationary head, the discharge 
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into the main press cylinder 4 whi ... . ; pressure to build up rapidly. This pressing 
action is the same, as will be apparent, when the 
press head is lowered into engagement with the 
work at a reduced speed, and in each instance to 
continue the press action the control lever 48 l must be moved sufficiently to always overcome 
the compensating action of the cam 53. 
When it is desired to immobilize the press head at any selected position between the two extrem 

ities of its stroke, the control lever 48 is held at or moved to a selected position coinciding with 
the position at which it is wished to stop the 
head. Thereafter, depending on the direction of 
movement of the head, as the head moves toward such position, the cam 53 will so adjust the valve 2. 
element 65 as to set up the proper balance in the 
servo-motor 4t to maintain the throttle valve 25 in the position required to hold the press head 
in such position. Should the press head tend to 
pass such position, the cam 53 readjusts the valv 
element 65 to make the necessary correction - - - - - - - - - - - - - - - - - - ress head is obtained by opening only 

Referring to Figure 9, a modified form of valve the first throttling valve 25a. By using two such 
assembly liais shown which has for its principal valves, the one actuated directly by the servo 
objects to provide for making it possible to raise motor 4 a may be made smaller than is gen 
the press head at a faster speed, to reduce the 30 erally necessary where only one such valve is 
forces required of the servo-motor, and to afford used. Also the force needed in the servo-motor 
a more sensitive throttling control. In this figure 4 a for operating smaller valve is corre 
for purposes of description the parts of the as- spondingly smaller. This makes for more sensi 
sembly which are similar to the parts of the tive control of the press. . . . . . . . . . . . . . . 
assembly T illustrated in Figure 1 are identified 
by the same reference characters, but have the 
suffix 'a' added to them. 
The principal difference between the assembly 
Ta and the assembly T is that an extra and 

larger throttling valve to is provided in the 
sump return line f8. As shown, this additional 
valve to is arranged in a bore which com 
municates with a chamber 2 at the end of an 
extension 8aa of the bore 8a, and rests on the 
upper end of bore f is which connects the cham 
ber 12 with the mainline duct 8aa. To normally hold the additional throttling 
valve if 0 on its seat, it is provided at its upper 
end with a piston 4 which is located in a 
der it 5 mounted on the housing 22a by su 
f6. To supply the piston 14 with the sary force to performits functions, the cylinder 
f4 is connected to any suitable fluid pressure 

supply such as an auxiliary, accumulator such as, 
for example, the accumulator 2 illustrated in 
Figure 1. As will be obvious, since this valve 
functions quite similarly to the main line valve 
27a, a Spring arrangement such as used in the 
main line valve and designated by numerals 37a 
and 37aa may be used instead of the piston, and 
cylinder arrangement for normally urging the d 
valve if 0 toward its closed position. 

For opening the valve to when it is desired 
to impart rapid lifting movement to the press 
head, a cylinder fit is secured to the housing 22a. 
by supports 18. In this cylinder a piston i? 9 is 
located which is connected to the lower end of 
the valve O by a rod 2 which extends through 
a bore 122 in the housing in alignment with the 
axis of the valve if 0. This latter cylinder?t to 
is connected by a pipe 23 to the portio5 com 
municating with the lower end of the cylinder 
bore 66 in the servo-motor. With this arr ment whatever pressure is supplied to the lower 
side of the servo-motor piston 66 is communi. 
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improvement is principally for use in presses of 
the type in which rapid lowering of the press 
head is accomplished by interconnecting the 
balance cylinders and main cylinder, which con 
sists in choking or throttling the flow through 
this connection to allow freedom of design as 
regards size of balance cylinders and hydraulic 
pressure in the balance system while maintain 
ing suitable speeds of raising and lowering move 
ments. 
Although other means for Such purpose may be 

utilized, the valve 20, as shown, comprises a 
housing 3 provided adjacent its opposite ends 
With an inlet port 32 and outlet port 33 and 
a centrally disposed partition 34 in which a 
bore 35 is formed for the reception of an ad 
justable valve element 36. This valve element 
36 is mounted on a stem 37 which is thread 

ably fitted in the base of the housing and 
equipped with a hand wheel 38 for adjusting tile 
valve element. 

It is to be appreciated that the construction 
herein disclosed may be widely modified for pur 
pOSes of fabrication or for other reasons with 
out departing from the spirit of this invention. 
In this connection, for example, in order to af 
ford the operator a better feel of the assistance 
provided by the servo-motor, in place of having 
the valve sections 83 and 85 operated With a slid 
ing fit in the bore 7 of the piston extension 64a, 
they may be designed to effect a seat in the bore 
7. This, of course, would involve providing a 
bore With different inside diameters and the 
extension 54a, as well as the valve element 65, 
being made in Section in. Order to effect the as 
sembly. This modification is not illustrated as 
it is deemed to require, in the light of this dis 
closure and the teaching of Patent No. 2,370,137, 
nothing more than Ordinary mechanical skill. 
According to the provisions of the patent 

statutes, the construction and operation of the 
invention has been illustrated and described in 
connection with a recommended embodiment. It 
is desired that it be understood, however, that 
Within the scope of the appended claims the 
invention may be practiced otherwise than as 
Specifically illustrated and described. 
I claim: 
1. A control system for hydraulic presses 

equipped with a main piston-cylinder assembly 
and a balancing piston-cylinder assembly for the 
movable head of the press, the main cylinder 
having an area, greater than that of the balance 
cylinder, comprising a Source for Supplying a COn 
stant volune of fiuid at varying preSSureS COrl 
nected to the main cylinder, a constant preS 
sure source of fluid for the balancing cylinder, 
a fluid pressure operable valve interconnecting 
the balancing cylinder and the main cylinder to 
effect rapid lowering of the movable press head, 
yieldable pressure means disposed to normally 
urge said interconnecting valve towards its closed 
position, and other pressure means which is Set 
lectively operable for offsetting the effect on said 
interconnecting valve of said first-mentioned 
preSSure means. 

2. A control system according to claim 1 which 
is equipped with a by-pass valve for diverting fluid 
supplied to the main cylinder, and means for ren 
dering the operation of the valve interconnect 
ing the balance cylinder with the main cylinder 
dependent upon the pressure acting upon said 
by-pass valve and so operative as to prevent 
opening of the interconnecting valve when the 
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proper functioning of the press requires it to be 
closed. . - - - - - - - 

3. A control system according to claim 1 in 
which the interconnecting valve is arranged to 
be opened by the pressure of the fluid Supplied 
to the balance cylinder, yieldable means nor 
mally urging said interconnecting valve toward 
its closed position, a by-pass valve for diverting 
fluid supplied to the main cylinder, and means 
coordinated with the movement of the by-paSS 
valve for offsetting the effect upon the inter 
connecting valve of the yieldable means normally 
urging the interconnecting valve toward its 
closed position. 

4. A control system according to claim 1 in 
which the interconnecting valve is arranged to 
be opened by the pressure of the fluid Supplied 
to the balance cylinder, yieldable means normal 
ly urging said interconnecting valve towards its 
closed position, a by-pass valve for diverting 
fluid supplied to the main cylinder, a servo 
motor for Operating Said by-paSS Valve, and 
means for utilizing the Servo-motor to offset the 
effect of said yieldable means, upon said inter 
connecting valve and So disposed that the opera 
tion of Said interconnecting valve and Said by 
pass valve is coordinated by Said Servo-motor. 

5. A control system according to claim 1 which 
is equipped with a by-paSS valve for diverting 
fluid supplied to the main cylinder, a lever for 
Operating Said by-paSS Valve, and means for 
modifying the action of said lever to immobilize 
the movable press head at points within its stroke 
approximately in proportion to the position of 
said lever within the latter's stroke. 

6. A control System according to claim 1 which 
is equipped with a by-pass valve for diverting 
fiuid Supplied to the main cylinder, a lever for 
Operating Said by-pass valve, and means for auto 
matically modifying the effect of Said by-pass 
valve lever upon said by-pass valve to produce 
a pressure in said main cylinder sufficient to 
counteract the force of the balance cylinder to 
poise the movable press head at all positions of 
Said lever. 

7. A control System according to claim 1 which 
is equipped with a choke arranged to regulate 
the flow of the fluid discharged from the bal 
ancing cylinder into the main cylinder to control 
the lowering Speed of the movable press head. 

8. A control System according to claim 1 which 
is equipped with a pair of fluid circuits for by 
paSSing the fluid preSSure Supplied to the main 
cylinder, a valve in each of Said by-pass circuits 
for controlling the flow through them, a servo 
motor for Opening and closing one of said by 
paSS valves, a power unit for opening the other 
of Said by-pass valves, and a connection between 
Said Servo-motor and Said power unit for ren 
dering the operation of Said power unit depend 
ent upon the operation of Said servo-motor. 

9. A control System for hydraulic presses 
equipped With a main piston-cylinder assembly 
and a balancing piston-cylinder assembly for the 
movable head of the press, the main cylinder hav 
ing an area greater than that of the balance cyl 
inder, comprising a source for supplying a con 
stant volume of fluid at varying pressures con 
nected to the main cylinder, a constant pressure 
Source of fluid for the balancing cylinder, a valve 
for interconnecting said main cylinder and said 
balancing cylinder to effect rapid lowering of the 
movable preSS head, yieldable pressure means for 
normally urging said interconnecting valve to 
Ward its closed position, a by-pass valve for by 
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passing the fluid normally delivered to the main 
cylinder, an hydraulic servo-motor for actuating 
said by-pass valve, a control element for con 
trolling the operation of Said Servo-motor, a. 
pressure-responsive element for rendering inef 
fective the pressure means provided for urging 
said interconnecting valve to its closed position, 
and means connecting said servo-motor to Said 
pressure-responsive element for utilizing the 
pressure in the servo-motor to actuate Said pres 
sure-responsive element to adjust the yieldable 
pressure means for the interconnecting valve 
when the servo-motor is operated to close the 
throttling valve and thereby facilitate the op 
ening of Said interconnecting valve. 

10. A control system according to claim 9 which 
is equipped with a displacing element for modi 
fying the action of the control element for the 
servo-motor, and a drive for said displacing ele 
ment actuated by the movable press head of the 
preSS. 

11. A control system according to claim 9 which 
is equipped with a cam for modifying the action 
of the control element of the Servo-motor, and 
which has an operating surface so formed as to 
bear a direct relation. With the various positions 
of the movable head of the press. 

12. A control system according to claim 9 which 
is equipped with an hydraulic motor for render 
ing inoperable the pressure means provided for 
urging the interconnecting valve toward its 
closed position, and a fiuid connection between 
said hydraulic motor and said servo-motor ar 
ranged to employ the hydraulic pressure in the 
servo-motor to energize said hydraulic motor. 

13. A control system for hydraulic presses 
equipped with a main piston-cylinder assembly 
and a balancing piston-cylinder assembly for the 
movable head of the press, comprising a source 
of fluid pressure for the main cylinder, a source 
of fluid pressure for the balancing cylinder, an 
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interconnecting valve for connecting the pres 
Sure Supply for the balancing cylinder with the 
preSSure Supply for the main cylinder, a spring 
mounted on Said interconnecting valve and ar 
ranged to normally urge said valve to its closed 
position, a power unit connected to said spring 
to render the Spring's action on the intercon 
necting valve ineffective when the power unit is 
energized, an exhaust circuit for the main cylin 
der of the press, a by-pass valve disposed in said 
exhaust circuit, a servo-motor for actuating said 
by-pass valve and for energizing said power unit, 
and control means for regulating the operation 
of Said servo-motor. 
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