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Patented Nov. 11, 1952 2,617,389 

UNITED STATES PATENT OFFICE 
2,617,389 

HYDRAULIC PRESS CONTROL SYSTEM 

Frederick E. Munschauer, Jr., Buffalo, N. Y., as 
signor to Niagara Machine and Tool Works, 
Buffalo, N. Y. 

Application October 7, 1949, Serial No. 120,041 
(C. 121-38) Claim. 

This invention relates to a hydraulic press or 
analogous machine and more particularly to novel 
arrangements for activating and controlling the 
Operation of machines of this class. 
In presses constructed according to the present 

invention, control means are provided whereby 
the effective pressure applied to the work by the 
hydraulic ram of the press is under ready and 
accurate control of the operator, so that, during 
the actual pressing operation, he may selectively 
apply any pressure between predetermined mini 
mium and maximum limits, 

Further, the control means is so arranged that 
the hydraulic activating means supplies fluid at 
relatively low pressure but in substantial volume 
when a working stroke of the press is initiated. 
In this initial phase of a working stroke the 
Operator controls the rate or volume of liquid 
Supplied to the hydraulic cylinder and thus 
readily and directly controls the speed at which 
the ram approaches the work. When a prede 
termined degree of resistance is encountered, as 
when the ram or a punch or the like held thereby 
meets the work or a die or other tool on the bed 
of the press, the high volume fluid supply means 
is automatically neutralized and pressure against 
the Work at the aforesaid predetermined rela 
tively low pressure continues until the operator 
further adjusts the control means to increase the 
applied pressure to any desired degree within the 
Capacity of the apparatUS. 
In a preferred form of the apparatus of the 

present invention a Single manually movable con 
trol device is provided which the operator moves 
to effect three distinct phases of press operation, 
namely, the approach of the ram to the work, the 
actual application of working pressure, and the 
return of the ram to its idle position, generally 
in a raised position above the bed of the press. 

In the form of apparatus shown herein by Way 
of example two fluid pressure generating pumps 
are utilized, both driven from a single power 
Source. One of these pumps displaces liquid in 
relatively large volume at moderate pressure and 
the other is designed to develop high unit pres 
sures, its volumetric capacity being relatively low. 

In this way the driving motor of the press is 
utilized to the limit of its effectiveness in the 
various phases of press operation to the end that 
a driving motor of relatively low power output 
provides abundant energy for efficient operation. 
The sequence in which the two pumps become 
effective is entirely automatic, the operator of the 
press concerning himself solely with the function 
ing of the press ram in approaching the work, in 
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2 
applying Working pressure to the work, and in 
returning the ram to idle position. 
Numerous advantages inherent in apparatus ar 

ranged according to the principles of the present 
invention will occur to those skilled in the art to 
Which it pertains from a study of the following 
Specification and the accompanying drawings. 
However, it is to be understood that the embodi 
ment thus described and illustrated in detail is 
by Way of example only and that numerous me 
chanical and hydraulic variations may be made 
Without departing from the underlying principles 
of the invention, the spirit and scope of which is 
limited only as defined in the appended claims. 

In the dra Wings: 
Fig. 1 is a general side elevational view of one 

form of preSS having operating and control means 
according to the principles of the present inven 
tion and with portions thereof broken away for 
added illustration; 

Fig. 2 is a detail view of the manual control 
lever for the machine of Fig. 1, viewed from the 
front; 

Fig. 3 is a Schematic layout of the hydraulic 
circuits and units which power and control the 
Cperation of the novable ram of the press; 

Fig. 4 is an enlarged and more detailed view, 
partly in cross-section of a four-way valve and 
remote pressure relief valve which ultinately con 
trol the Operation of the press ram, these units 
being shown in their operative hydraulic circuit 
connected relation in Fig. 3; 

Fig. 5 is a detailed cross-sectional view of a 
Sequence valve which performs the main pressure 
regulating function in the higher pressure range; 

Fig. 6 is a detailed cross-sectional view of an 
unloading valve for neutralizing the large-volume, 
low-pressure pump in the higher pressure range; 
and 

Fig. 7 is a detailed cross-sectional view of a foot 
Valve which prevents the ram from settling when 
it is at rest in its upper idle position. 
Throughout the several figures of the drawing 

like characters of reference denote like parts, and 
reference will first be had to the general side 
elevation view, Fig. 1, which shows a press frame 
fe having a work or die receiving bed f, and a 
a Vertically reciprocable ram 2. A rock shaft 
3 extends fore and aft of the press frame and 
has a manually operable lever 4 at its front end 
and an Oppositely directed rock arm 5 at its 
rear end. A lever or rocker arm 6 is pivoted to 
the press frame as shown in the upper right 
hand portion of Fig. 1, and a vertical link 
connectS One arm of lever f6 with the outer end 
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of rock arm 5. A generally vertically disposed 
link 8 extends downwardly from the other end 
of lever 6, and the manner in which vertical 
movement of link fa effects control of the move 
ments and effective pressures of ram 2 will pres 
ently appear. 

Reference will now be had to the Schematic 
layout, Fig. 3, which shows the various hydrau 
lic circuits and control devices which cooperate 
to provide the novel control arrangement for hy 
draulic presses which forms the subject of the 
present application. 

Referring to Fig. 3, the numeral 20 designates 
a hydraulic preSS cylinder, and a piston element 
2 therein has a depending piston rod 22 which 
connects with the usual hydraulic press ram, 
Such as is indicated at 2 in Fig. 1. 
A common operating motor 24 has opposed 

drive shafts 25 and 26 which are flexibly con 
nected to a pair of hydraulic pumps 27 and 28. 
Pump 27 is of large volumetric capacity, develop 
ing relatively low pressures, while pump 28 has 
a relatively small volumetric capacity and de 
velops very high pressures. In one practical ap 
plication of the principles of the present inven 
tion, merely by Way of example, pump 28 has a 
maximum output pressure of 2,000 pounds per 
Square inch. 

It is common in hydraulic press construction to 
mount the Several control valves and the pump 
or pumps in a tank which contains the hydraulic 
medium Supply, so that all of these devices, ex 
cepting the electrical motor, are continuously 
Submerged. This same procedure is contemplated 
in the case of the present invention, but for con 
venience of understanding the various control de 
vices are shown in Fig. 3 as having tank, reser 
voir or drain connections. In the case of pumps 
27 and 28 their intake ports are shown to have 
theoretical tank connections at 3 and 32, re 
spectively. 
The various control units will now be enumer 

ated generally and their construction and co 
Operation With each other will then be described 
in greater detail. Referring to Fig. 3, the nu 
meral 34 designates an unloading valve for large 
pump 27, and the numeral 35 designates a check 
valve which permits free fluid flow away from 
the output Side of pump 27 but prevents retro 
grade flow. The numeral 36 designates a con 
ventional, manually-operated four-way valve for 
controlling fluid flow to cylinder 20 above and 
below piston 2. 
The numeral 37 designates a pressure regulat 

ing valve which is disposed generally in the out 
put line from the small high pressure pump 28, 
and Operation of the regulating valve is con 
trolled in the first instance by a remote, manu 
ally-operated relief valve 38. 

Fluid pressure flow from pump 27 to four-way 
valve 36 is by means of a conduit 40 from pump 
27 to unloading valve 34, a conduit 4 from the 
latter to check valve 35 and a conduit 42 from 
the check valve to an intake port 43 of four-way 
valve 36, the latter being shown in detail in Fig. 4. 
Output pressure from small pump 28 goes to 

pressure regulating valve 36 by way of a conduit 
45, and thence, by way of a conduit 46, to a con 
nection with conduit 42, whereby they jointly 
lead to the Supply port 43 of four-way valve 36. 

In Fig. 3 the numeral 48 designates a foot 
Valve, which is merely a special check valve 
Which keeps the ram of the press from settling 
due to the leakage past four-way valve 36 when 
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4 
the latter is in neutral position. Four-way valve 
36 has one of its output passages 50 connected to 
the top of cylinder 20 by means of a conduit 5, 
and the other output passage 52 of four-Way 
valve 36 connects to the foot valve 48 by means 
of a conduit 53 and thence to the bottom of 
cylinder 20 by means of a conduit 54. 
When four-way valve 36 is in the position illus 

trated in Fig. 4 valve heads 55 and 56 block both 
outlet ports 50 and 52 and the valve is in neutral 
position. A conduit 58 drains back to the tank 
or reservoir and connects with a pair of discharge 
ports 60 and 6. If valve heads 55 and 56 are 
jointly lowered, supply passage 42 is connected 
with the top of cylinder 20 by means of port 50 
and conduit 5 and the bottom of cylinder 20 is 
permitted to drain by way of the port 52 of four 
Way valve 56 and drain passage 6 leading to the 
tank connection 58. Obviously, if valve heads 
55 and 56 are jointly raised from their illustrated 
neutral position the pressure and drain connec 
tions to cylinder 20 are reversed. 

Referring at this point to foot valve 48, it will 
be noted that this valve contains tWO parallel 
passages designated 65 and 66. Passage 65 is 
provided with a check valve 67 which is biased 
by means of an adjustable compression coil Spring 
68. Accordingly, fluid flow from the bottom of 
the cylinder through conduits 54 and 53 can Only 
be achieved by unseating check valve 66 which 
requires an adjustable degree of preSSure Suf 
ficient to prevent the ram from settling of its 
own Weight, but not so great as to prevent un 
seating of check valve 66 when positive pressure 
is applied to the top of piston 2, 
When valve heads 55 and 56 are moved up 

Wardly from their illustrated position in Fig. 4, 
the bottom portion of cylinder 20 is connected 
with the pressure supply conduit 42, and the top 
of cylinder 20 is connected with drain conduit 53. 
In this phase of operation, again referring to 
foot valve 48, a check valve 70, Which prevents 
flow through passage 66 from conduit 54 to 53, 
permits free passage of fluid through passage 66 
from conduit 53 to conduit 54. It will thus be 
noted that foot valve 48 provides substantially 
no resistance to fluid fow into the bottom of cyl 
inder 20 but imposes a controlled degree of re 
Sistance to fluid flow therefron. 

Reference will now be had to the pressure reg 
ulating valve 37 and remote relief valve 38, which 
are shown in greater detail in Figs. 5 and 4, re 
spectively. Remote relief valve 38 has a chamber 
73 which connects a fluid inlet port 74 and a pas 
Sage 75 which leads freely to the fluid tank or 
reservoir. Inlet port T4 is normally closed from 
chamber 3 by a valve 76 which is urged to closed 
position by operation of a compression coil spring 
Ti, whose initial pressure, as illustrated in full 
lines in Fig. 4, is sufficient to cause the valve to 
remain closed until pressure in inlet port 74 
reaches approximately 200 pounds per square 
inch, by Way of example. The bottom end of 
Spring 77 Seats against a disc 78, which is fixed 
to an axially slidable bar 79. Manual pressure 
may be exerted temporarily against bar 79 to 
further compress Spring 77 and thus temporarily 
increase in a selectively variable manner the unit 
preSSure required in port 74 to unseat valve TG 
and thus relieve pressure in inlet port T4 through 
Chamber 73 and drain passage 75. 

Referring to pressure regulating valve 37, the 
main fluid passage therethrough is designated 83 
and ConnectS at Opposite ends with conduits 45 
and 48, which lead from the output side of small 
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pump 28 to the pressure supply passage 42. Reg 
ulating valve 37 further has a relief or drain pas 
sage 81, which is normally closed by an axially 
novable Valve 82. 
The body of regulating valve 37 has a bore 84 

extending transversely from the main fluid paS 
sage 8 and valve 82 has a cylindrical enlarge 
ment 85 which is axially slidable in bore 84. A 
very light compression coil spring 86 acts against 
cylindrical enlargement 85 to bias valve - 82 
slightly to a downward closed position as illus 
trated in Fig. 4. 
A passage 87 leads from the upper end of bore 

84 and connects with inlet port 4 of remote relief 
valve 38 as by means of a conduit 88. A paS 
sage 90 leads from passage 87 to a chamber 9 
which houses a pressure relief valve 92 and a 
compression coil Spring 93 which acts against 
valve 92. The bias of spring 93 may be varied 
by means of an adjusting screw 94, the pressure 
of Spring 93 on valve 92 being proportional to 
and determining the maximum pressure Which 
may be transmitted to cylinder 20 by operation 
of the Small capacity, high pressure pump 28 
When the ram of the press is meeting sufficient 
resistance to develop maximum pressure. A con 
duit 96 leading from chamber 93 provides a drain 
passage for liquid which passes valve 92 when the 
latter is unseated to relieve preSSure. A rela 
tively small bore 98 extends through cylindrical 
enlargement 85 of valve 82. 
The construction of unloading valve 34 will 

now be described, reference being had particu 
larly to Fig. 6. This valve is provided with a bore 
00 in which a valve element of is axially slid 

able, valve ) having a pair of valve heads 02 
and 63. Liquid from the output conduit 40 of 
large pump 27 is delivered to bore 00 between 
the valve heads fo2 and 3 and normally passes 
from bore 00 by Way of conduit 4 which leads 
to check valve 35. The lower end of valve () 
comprises a relatively small diameter piston 04 
which is axially movable in a chamber fo5 which 
connects freely with the main fluid passage 80 
of regulating valve 37 as by means of conduit f6, 
See Figs. 3, 5, and 6. 
The fluid pressure in chamber 05, which is 

normally the same as that obtaining in passage 
80 of regulating valve 37, is counteracted, up to 
predetermined limits, by a compression coil 
Spring which acts against the opposite end 
of Valve 3 and whose pressure is adjustable 
by means of an adjusting Screw . 
Four-Way Valve 36 and the remote relief Valve 

38 are both operated by means of a single con 
trol arm ff 5 in a manner which is best illustrated 
in Fig. 4. The left-hand end of arm f 5 is piv 
Otally connected to the lower end of link 8 which 
has previously been described. The manner in 
which link 8 is moved up and down by manipu 
lation of the remotely located hand lever 4 and 
the lever and linkage connection therebetween 
has also been described previously herein. 

Referring to Fig. 4, a lever f6 is pivoted to a 
fixed part of the machine as at 7 and has piv 
otal connection with the Outer end of rod 79 of 
remote relief valve 38, as at 8. An extension 
Spring 20 connects at one end with lever 6, 
and its opposite end is connected to a fixed part 
of the machine as at 2. The outer end of lever 

6 is pivotally connected to control arm 5, and 
the latter has an intermediate pivotal connection 
24 with the outer end of valve rod 25 which 

carries the valve heads 55 and 56 of four-Way 
Wave 36. 
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6 
In the full-line position illustrated in Fig. 4, 

rod 79 of remote relief valve 38 is fully withdrawn 
and is held in such position by extension Spring 
20, and valve rod 25 of four-way valve 36 is in 
the neutral position illustrated. If lever 5 be 
moved upwardly to the position indicated at A 
in Fig. 4, the rod f 25 of four-way valve 36 will 
be moved to connect the lower end of cylinder 
20 with pressure supply passage 42, and piston 
2 will move upwardly. Since the resistance to 
this movement is relatively low, the movement 
will be accomplished rapidly, mainly by fluid from 
large capacity pump 27, the pressures generated 
being not high enough to cause unloading of 
pump 27 by operation of unloading valve 34. 

If lever 5 be moved downwardly to the posi 
tion illustrated at B in Fig. 4, a reverSe Opera 
tion takes place until the ram of the press 
encounters material resistance, as by meeting the 
work in the press. At this point the pressure in 
conduits 40, 4, and 42 rises through continued 
operation of both pumps 27 and 28 until the pres 
Sure in chamber 05 of the unloading valve is 
sufficient to move the valve heads 02 and 93 
upwardly to a point where the latter blocks fur 
ther communication between conduits 40 and 4, 
and valve 02 also moves upwardly to uncover a 
passage 28 of unloading valve 34, which is a 
drain passage. The position of valve heads 02 
and fo3 in Fig. 6 is an intermediate position. 
The setting of spring O may be assumed to be 
such as to unload pump 27 by operation of Walve 
34 when the pressure in conduit 42 reaches 175 
pounds per Square inch. This pressure is 
assumed here merely for illustrative reasons and 
for comparison. With pressures developed in the 
remote relief valve 38. 
Assuming that lever 5 is not moved down 

Wardly beyond the position indicated at B in Fig. 
4, the rod or stem T9 of remote relief valve 38 
will not be operated, and that valve will be in 
the condition illustrated in Fig. 4. At this point, 
valve rod 25 of four-way valve 36 is fully with 
drawn, but the force of extension spring 20 is 
still operating to maintain rod 79 in its with 
drawn position. 

Immediately upon unloading of large pump 27 
and because of the continued resistance to move 
ment of piston 2 in cylinder 20, pressure in con 
duit 42 will tend to continue to rise by continued 
Operation of high pressure low capacity pump 28. 
Such a tendency to increase pressure in passage 
80 causes enlargement 85 to move upwardly, since 
Spring 86 is merely a light biasing spring and 
Orifice 98 through enlargement 85 is too small to 
permit rapid equalization of pressure above and 
below enlargement 85. This opens valve 82 in an 
amount and for a time Sufficient to regulate the 
preSSure in passage 80. 
As the increased pressure tendency in passage 

80 continues, fluid through orifice 98 gradually 
increases the pressure above enlargement 85 and 
this, through the equalizing action of enlarge 
ment 85 and valve 82 produces a corresponding 
increase in pressure in passage 80. This con 
tinues until the pressure in conduit 88, and con 
Sequently in the intake port 74 of remote relief 
valve 38, reaches the initial pressure setting of 
Spring 77 against valve 76, whereupon the latter 
unseats and liquid drains through chamber 73 
and paSSage 75. This unbalances the pressure at 
the top and bottom of enlargement 85 and 
unseats valve 82 to establish pressure in passage 
80 equal to that established in conduit 88 by 
Operation of Spring 77 and valve 76, Valve 76 

  



2,617,889 
7 

thus serves as a pressure limiting valve for con 
duit 88 and the space above enlargement 85, and 
the pressure in main passage 80 of the regulating 
valve 37 is thus fixed at a maximum determined 
by the initial tension setting of spring 77, for 
instance 200 pounds per Square inch, as long as 
lever 5 does not move downwardly beyond the 
position indicated at B in Fig. 4. 
In movements of lever 5 from the neutral 

position to the positions indicated at A and B 
in Fig. 4, the speed of movement of piston 2 is 
proportionate to the degree of displacement of 
lever 5 from the neutral position since Such 
degree of displacement is reflected in the degree 
to which ports 50 and 52 of the four-way valve 
36 are exposed. This provides a very natural and 
convenient control of ram movement on the part 
of the operator during downward approaching 
movement of the ram and also during upward 
return movement. 
As lever 5 is moved beyond the position indi 

cated at B in Fig. 4, toward the limit position 
indicated at C, rod 25 of the four-way valve 36 
has been fully withdrawn, and thus further move 
ment of lever 5 moves lever 6 upwardly 
against the resistance of spring 20, pivot 24 
now serving as a fixed fulcrum for lever 5, and 
rod or sten 9 of remote relief valve 38 is moved 
upwardly as viewed in Fig. 4. This causes collar 
8 to apply greater pressure to spring 77 and 
thereby to valve 76. 

This increased pressure is proportionate to the 
degree of displacement of lever 5 from position 
B toward position C in Fig. 4, and permits the 
pressure in conduit 87 and above enlargement 85 
to increase by fluid flow upwardly through orifice 
98. It will be remembered that the pressure po 
tential of Small pump 28 is such that it constantly 
tends to increase the pressure in passage 8) up 
to the maximum output pressure of the pump. 
In this manner the pressure in paSSage 80 is man 
ually controlled by movement of lever i? 5 be 
tween positions B and C, and pressure thus ap 
plied to the top of cylinder 20 is limited only by 
the full capacity of pump 28 or the relieving op 
eration of valve 92, which occurs only at a maxi 
mum press-capacity Setting, for instance 2,000 
pounds per Square inch. 

Here again the control of the degree of pres 
Sure by the operator in the range from position 
B to position C is extremely natural and simple 
for the operator and he may guide his movements 
of lever 4 by reference to a pressure gauge which 
may be located conveniently and which is indi 
cated Schematically at 30 in Fig. 3. Safety is 
promoted by the fact that Working pressures can 
only be developed in the range from B to C and 
if the operator releases the manual lever f4 the 
control arm f 5 will automatically be moved back 
to the lower preSSure position B by operation of 
spring 20. 
A further Safety arrangement for insuring neu 

tralization of the controls When the press ram 
reaches predetermined upper and lower limit posi 
tions will now be described, and in that connec 
tion reference is had to Fig. 1. Rock shaft 3 has 
fixed thereto an arm 3 Which extends to the 
left from rock shaft f3, as viewed from the front 
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8 
of the press, and pivotally engages at its outer 
end a vertically extending rod 32. The upper end 
of rod 32 extends slidably through a guide 33, 
which may be a fixed part of the press frame. 
Rod 32 has adjustably fixed thereto an upper 
stop collar and a lower stop collar 35. A brack 
et 38 is fixed to ram 2 and has a rearwardly 
extending arm portion 39 which extends through 
a slot 40 in the press frame and alongside of 
rod 32. 

If the operator should keep the control lever 
4 in a raising position for too long a time, the 

bracket 38 will move upwardly with ram 2 un 
til it strikes collar 24, whereupon it will raise 
rod 32, move rock shaft f3 in a clockwise direc 
tion as viewed from the front of the press, and 
move the control linkage to neutral position. 
Conversely, if the operator tends to permit the 
ram to move downwardly beyond its safe limit 
of operation, bracket 38 strikes collar 35, lower 
ing rod 32, thus again moving the control link 
age to neutral position. 
What is claimed is: 
In a hydraulic press or similar machine con 

prising a cylinder and a ram piston reciprocable 
therein, a Source of hydraulic pressure and con 
duit means for communicating said pressure to 
the cylinder to act against Said ram piston, re 
Versing valve means having a neutral position for 
blocking Said conduit means and two operative 
limit positions for selectively applying the pres 
Sure from said Source to either end of the cylin 
der, a relief Walve acting upon the conduit means 
and normally establishing a predetermined mini 
mum pressure therein, said relief valve having 
movable means for variably increasing said pre 
determined minimum pressure setting, a man 
ual control lever having a yieldably movable full 
Crum, means connecting said reversing valve 
means With said control lever whereby movement 
of the lever in opposite directions on said yield 
able fulcrun moves the reversing valve means to 
either of its limit positions, and means engage 
able between said yieldable fulcrum and said 
relief valve movable means whereby movement 
of Said lever beyond the point where the revers 
ing valve connecting means has reached its limit 
position in One direction moves said yieldable full 
Crum to act upon said relief valve movable means 
to communicate to said cylinder selectively vari 
able pressures in excess of said predetermined 
ll. 
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