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This invention relates to a method and appa 
ratus for controlling the slide movement in long 
bed hydraulic presses. 

Experience has shown that, formany purposes, 
hydraulic presses are preferable over mechani 
cal presses. This preference arises, among other 
considerations, from the readiness with which a 
hydraulic press may be adjusted to vary either 
the length of its advance stroke or the pressure 
which Said stroke may cause to be imposed upon 
the material or blank being pressed (hereinafter 
referred to as a "blank'). 

It is often desirable, however, to provide a press 
in which the press bed and slide are relatively 
long as compared to their respective widths. Such 
parts, for example, may be two or more times as 
long as they are wide. In mechanical presses 
having such long slides, the opposite ends of the 
latter are commonly connected to and operated 
by similar crank arrangements. In some such 
preSSes One crank is employed at each end of the 
slide and in others a pair of cranks is employed 
at each end thereof. In any event, the mentioned 
crank arrangements are usually so designed that 
the press slide is constrained, by its actuating 
means, to remain Substantially parallel with the 
bed of the press during its advance stroke, even 
though the shape of the die or dies or the nature. 
of the material being processed is such that the 
pressing reaction is centered at a point Substan 
tially to one side or the other of the center of 
the slide. While possessing the advantages just 
mentioned, with respect to parallelism of the 
slide and bed, such long-bed mechanical presses, 
neveretheless, lack the facility for ready adjust 
ment of the advance stroke which, as hereto 
fore remarked, may easily be provided in hy 
draulic presses. 

Difficulties have been experienced, however, 
in providing a long-bed hydraulic press adapted 
for handling relatively high pressures and hav 
ing commercially practicable means for main 
taining substantial parallelism between the press 
slide and bed. If, for example, a single hydrau 
lic ram is employed at the center of a long press 
slide, any inequality in the resistance opposing 
the advance of the slide, toward opposite ends 
thereof, induces or strongly tends to induce, tilt 
ing or cocking of the slide during the working 
portion of its advance stroke. The mentioned 
inequality may arise, among other conditions, 
from differences in the vertical dimensions of 
the die toward Opposite ends of the slide or from 
variations in the thickness of the blank. Efforts 
have been made to obviate this difficulty, in long 
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bed hydraulic presses, by providing two nr more 
rams along the length of the slide and by pro 
viding separate pumping systems, theoretically 
identical, for charging liquid into the several ad 
vance stroke chambers operating said rams. It 
has been found practically impossible, however, 
to attain uniform functioning of Such separate 
pumping Systems during the advance stroke of a 
press, largely because of different slippages en 
countered in pumps in Such systems under the 
unequal pressures to which they are subjected. 
Attempts, heretofore made, to effect compensa 
tion for such non-uniform operation, directly in 
the said pumping Systems, have occasioned a sac 
rifice in efficiency inasmuch as such compensa 
tion necessarily involved operating one or both 
pumping Systems below full capacity. Hence, 
theoretically identical pumping Systems, as here 
tofore employed, have failed to accomplish the 
desired objectives efficiently. 

It may be considered that a hydraulic press 
could be constructed in which the slide guides, 
the slide housing, and possibly other parts of the 
press could be made large and strong enough to 
maintain the desired parallelism by sheer force. 
Such an expedient would render the hydraulic 
preSSSO much larger than mechanical presses for 
similar purposes, that the hydraulic press would 
be commercially unacceptable. In addition to 
the objectionable size of such a press, the wear 
on the various working parts would be excessive 
and frequent adjustments, and replacement of 
Worn parts would be necessary. 

It should be understood that the term "long 
bed,' when employed in this specification with 
reference to hydraulic presses, refers to any hy 
draulic, press wherein the present invention may 
be employed advantageously to maintain, sub 
stantially, the mentioned parallelism of the slide 
and bed of the press. w 
An important object of the present invention 

is the provision of improved means for so con 
trolling the distribution of liquid to ram advance 
chambers actuating a plurality of rams in a long 
bed hydraulic press that the press slide, during 
its advance stroke, is maintained in substantial parallelism relatively to the press bed. 
Another object of this invention is the provi 

Sion of a long-bed hydraulic press, the function 
ing of which compares favorably with the func 
tioning of a mechanical press designed for a 
similar purpose, while at the same time yielding 
the mentioned advantages of ease of adjustment 
of the length or pressure of the advance stroke 
of the press. 
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The foregoing and other objects are accorn 

plished according to this invention, generally, 
by providing, in a long-bed hydraulic press, tWO 
or more rams, arranged substantially. Symmetri 
cally along the length of the press slide, for Op- 5 
erating the latter; by providing separate Sub 
stantially identical pumping Systems for Operat 
ing each of said rams or for operating rams or 
groups of rams adapted to apply Working force 
to the slide toward opposite ends thereof; by pro- 10 
viding means for compensating for differences in 
the volume of liquid pumped to the mentioned 
rams; and by providing means, controlled by rel 
atively slight differences in advance movement 
of opposite ends of the press slide, for automati 15, 
cally controlling the said compensating means 
whereby to vary the volumes applied to the Sev 
eral said rams to an extent which substantially 
compensates for the uneven distribution of flow 
to the rams from said pumping systems due to 20. 
the varying resistance offered to the advance of 
the slide by the die or the blank. 

For the purpose of illustrating the present 
invention and without limiting the invention 
thereto, several embodiments thereof, are shown 25 
in the accompanying drawings, in which 

Figure 1 is a perspective view of a preferred 
embodiment of the present invention (herein 
after referred to as the "first" embodiment) and 
of a long-bed press on which it may be employed 80 

Fig. 2 is a detail view, partly in section and 
partly in elevation, of a screw and nut assembly 
which is employed in the said first embodiment as 
a means, responsive to differences of advance 
movements of opposite sides of the press slide, for 35 
actuating a pump adjusting device. 

Fig. 3 is a sectional view of the mentioned screw 
and nut assembly, the section being on the line 
3-3 of Fig. 2. 

Fig. 4 is a diagram illustrating the operation of 0 
the said first embodiment of the invention. 

Fig. 5 is a perspective view, similar in character 
to Fig. 1, of another embodiment of the invention 
(hereinafter referred to as the "second' embodi 
ment), and 

Fig. 6 is a detail view, partly in section and 
partly in elevation, of a differential assembly 
which is employed in the said second embodiment 
as a means, responsive to differences of advance 
movements of opposite sides of the press slide, for 
actuating a pump adjusting device. 
Further improved means for attaining the ob. 

jects of the present invention are described and 
illustrated in my application for patent filed 
October 28, 1942, under Serial No. 463,604. 

Referring first to the disclosures of Figs. 1-4, 
the press with which the first embodiment is 
illustrated may comprise a long-bed provided 
in a base 2 suitably tied at its opposite ends to a 
crown 13 by tie rods 4 extending through slide 
housings 5 which serve at least partially to guide 
a vertically reciprocating slide 6 and to suitably 
space apart the said crown and bed and maintain 
the two latter members fixedly in their proper 
relationship. Tie rod nuts 7 preferably are pro 
vided at the upper and lower ends (the latter are 
not visible in the drawings) of the said tie rods. 
The slide 6 is reciprocated in a well-under 

stood manner, by rams 8a and 8b, fixed Sym 
metrically upon the slide, toward opposite ends 
thereof. These rams, as best understood from 
Fig. 4, may be eniarged at their upper ends to 
form rampistons 9a, 9b and may be urged 
downwardly on their advance strokes by liquid 75 
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2,333,358 
introduced into advance chambers 26a, 20b, and 
upwardly bn their return strokes by liquid intro 
duced into return chambers 2 ?a, 2 lb. The said 
chambers, of the general character indicated in 
Fig. 4, may, of course, be suitably formed within 
the crown 3 of the press. 

Separate, substantially identical pumping Sys 
tems are provided for handling the supply of 
liquid for operating each of the rams 8a and 8b. 
Describing in detail, only the said pumping sys 
tem which is related to ram 8a, it comprises a 
continuously-acting pump 22a, suitably driven as 
by an electric motor (not shown). The said 
pump receives liquid from a supply tank 23 
through pipe 24a and pumps said liquid through 
pipe 25a into a distributing slide valve 26a which, 
depending upon the position of a piston 2a 
therewithin directs the liquid either through a 
pipe 28a to the ram advance chamber 20a to move 
the ram 8a downwardly or through a pipe 29a to 
the ram return chamber 2a to move the said 
ram upwardly, or, through a pipe 30a, back to 
the tank 23, when it is desired that the ram 

The mentioned 
liquid distribution, yielding the said ram nove 
ments, is controlled largely by the provision on 
the piston 21a of three enlarged portions or spools 
3a, 32a and 33a and intervening neck portions 
34a and 35d. 
When it is desired to advance the ram 8a. 

(i. e., move it downwardly) to advance the slide 
16 toward the bed and a die and blank thereón, 
the piston. 27a is shifted, by any suitable means, 
to its extreme left position as shown in Fig. 4, 
whereupon liquid entering the valve 26a, through 
pipe 25a, passes around neck portion 34a, of the 
said piston, into pipe 28a, and thence to the ran 
advance chamber 20a, thereby forcing the ram 
8a downwardly while liquid is exhausted from 
the ram return chamber 2 la through pipe 29a 
into the valve 26a, wherein the exhaust liquid 
passes around neck 35a of said piston to pipe 30a 
which carries it to the tank 23. By shifting the 
piston. 27a, to its extreme right position, the flow . 
of liquid is reversed with respect to the said ran 
chambers thereby causing the ram 8a to pursue 
its upward or return movement. 
When it is desired to arrest the movement of 

the ram 8a, the piston 27a, may be moved to its 
mid-position, in which the several mentioned 
spools on said piston close off all liquid communi 
cation between the pump 22a and the ram cham 
bers 20a and 2 fa. However, the liquid, contine 
uing to be discharged by the pump 22a passes 
from pipe 25a into interior lateral passage 36d. in 
the spook 32d, thence through longitudinal pas 
sage 37a into lateral passages 38a, 39a in the 
spools 3 a. and 33d, whence said liquid passes into 
pipe 30a which carries it to the tank 23. 

In view of the similarity of the pumping sys 
tems for actuating the two rams, the foregoing 
description is intended to suffice for both. For 
this reason, the similar parts of the pumping sys 
tems are given reference characters, in the draw 
ings and hereinafter in the specification, differ 
ing only in their suffixes, the suffix a being applied 
to parts of the pumping system related to ram 
8a and the suffix b being applied to parts of the 
pumping system related to ram-8b. Both valves 
26a and 26b function alike and may be con 
strained to function in unison by having their 
respective pistons tied together by extension rods 
4.0a and 40b which preferably are adjustably 
coupled by a turnbuckle 4f. The said pistons 
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may be shifted within their respective valves by 
any suitable means to control the reciprocation 
of the press slide. Such means, for example, may 
be operated manually, electrically, by compressed 
air, or by hydraulic pressure. . . 
As illustrated in the accompanying drawings, 

an electric solenoid 4.2 may suitably, be connected 
as by a pin 43 to an end extension 44 of the 
piston. 27a. The said solenoid is adapted, when 
energized, to move the pistons 2.7a, and 27b to 
their left positions, as shown in the drawings, to 
cause downward movement of the press slide 6. 
Another Solenoid 45 may be similarly connected 
to the piston 2b for moving both pistons to 
their right positions to cause upward movement 
of the press slide. The two said solenoids, of 
course, are connected in suitable electric cir cuits for controlling the operation of the press. 
The pistons 2a, 2b may be held yieldably in 

their mid-positions by any suitable means which, 
for example, may employ springs or air or hy 
draulic pressure. As illustrated in the accom 
panying drawings, a spring centering device is 
enployed comprising a coil spring 46 which is 
positioned about the extension rod 4.0a and is 
compressed between washers 47 which, normally, 
are held against the end of said spring by collars 
48 formed on or fixed on the rod 40a. A cage 
like frame 49 is fixed upon some fixed part of the 
press or other suitable fixed support in such po 
sition, adjacent the rod 40a, that the latter 
passes through holes 50 in the ends of said frame, 
large enough to freely pass the said collars but 
small enough to confine the washers 47 within 
the said frame. Thus, when the pistons 2.7a, and 
27 b are held in their left positions, as illustrated 
in the drawings, by the energized solenoid 42, the 
spring 46 is exerting compression upon the right 
washer 47 and the right collar 48 which, when 
the said solenoid is de-energized, will cause the 
said pistons to move to their mid-positions. A 
similar, but opposite action of the centering de 
vice results when the said pistons are held in 
their right position by the solenoid 45 and the 
latter is then de-energized. 
Although the pumping Systems for operating 

the rams 8a and 8b, as thus far described in 
detail, may be substantially identical in design, 
it will be appreciated that, where resistance to 
the advance of the slide is not uniformly dis 
tributed thereover, the different slippages in the 
two pumps, slight leakages, and possibly other 
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factors, would cause the side or end of the press . 
slide encountering the least resistance to ad 
vance ahead of the other side thereof and this 
uneven advance or cocking of the slide, in many 
instances, would become more pronounced as the 
slide progressed toward the end of its advance 
stroke. This highly undesirable functioning of 
the press may be substantially obviated by com 
pensating means now to be described in detail. 
An important feature of this invention is the 
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provision of automatically controllable means for 
substantially equalizing the supply of liquid to 
the hydraulic chambers of the Several rams which 
actuate the press slide. It is preferred to pro 
vide such means comprising a compensator pump 
5, connected by a pipe 52 to the pipe 28a, which 
carries the liquid supply to ran advance cham 
ber 20d, and connected by a pipe 53 to the pipe 
28b which carries the liquid supply to ram ad 
vance chamber 20b. 
The compensator pump 5 may be of the type, 

known as the "Hele-Shaw' type, which, as shown 
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3. 
cylinders 54 formed in a rotor 55 suitably driven 
continuously by a motor (not shown). The inner 
ends of said cylinders open into an axial bore in 
the rotor 55 and each of said cylinders, as the 
said rotor revolves, communicates alternately 
with ports 56, which are in liquid communication 
with the pipe 53, and with ports 57, which are 
in liquid communication with the pipe 52 

Pistons 58 are accurately fitted for reciproca 
tion within and toward the outer ends of the 
cylinders 54 and are yieldably urged outwardly 
by Springs or other suitable means (not shown) 
against a confining ring 59 which is so mounted 
within the frame of the compensator pump as to 
be capable of sliding movement laterally of the 
axis of the rotor 55 of said pump, from one ex 
treme position of eccentricity, through a posi 
tion of concentricity, to an opposite position of 
eccentricity, and vice versa. The interior diam 
eter of the ring 59, of course, is materially greater 
than the diameter of the rotor 55 in order to per 
mit the mentioned sliding movement of the ring. 
The said sliding movement may be effected by 
means of a turnbuckle-link 60, suitably con 
nected between the pipe 59 and a lever 6 which 
may be actuated by means hereinafter described. 
If desired, the ring 59 may be mounted so as to 
be free to rotate, whereby to minimize the fric 
tion between its inner surface and the pistons 58 
which work thereon, by mounting said ring with 
in a frame 62 and by connecting the link 60 to 
said frame. , ". . 
The means by which the lever 6 ? is actuated 

to control the sliding movement of the ring 59 
and, the resulting operation of the compensator 
pump, comprises a pair of vertically disposed 
racks 63 (see Fig. 1), secured at their lower ends 
to the slide 6 toward opposite ends thereof. The 
said racks may be guided within suitable guides 
64 fixed upon the crown f3, and when the slide 
reciprocates, the racks rotate shafts 65l. and 65r 
in common directions, through the medium of 
step-up gears 66, suitably journaled upon brack 
ets 67, which gears drive pinions 68, keyed upon 
the outer ends of the Shafts 65l. and 65r. The 
two mentioned shafts are supported within 
brackets 69 fixed upon the crown 3. The bear 
ings provided for said shafts in the mentioned 
brackets should be such as to prevent any ma 
terial longitudinal movement of the shafts. 
A screw 70, as best understood from Fig. 2, is 

fixed upon the inner end of shaft 65l against any 
possible movement relatively to the latter, as by 
a pin it, and additionally, if desired, by a key 
2. An elongated nut T3 is slidably mounted 
upon the inner end of shaft 65r as by a spline 
74 and when the apparatus is assembled, the nut 
73 and the screw 70 are partly screwed together 
So that their threads are in effective engagement 
and so that the end 70a of the Screw. 70 and an 
opposed inner surface 73a of the nut 73 are suff 
ciently spaced to permit sliding movement of the 
said nut, toward the left as well as toward the 
right. 
The nut 13, preferably, is provided with an ex 

terior annular recess 75 to accommodate a ring 
76 which, to permit assembly, may be formed 
in halves having opposed end flanges 77 held to 
gether by bolts 78. The ring 76, of course, is 
constrained to follow any longitudinal movement 
of the nut 73 and such longitudinal movement 
may be transmitted to the lever 6 by forming 
the lower end of the latter as a yoke 79 and piv 
otally Securing the lower ends of said ycke to in Fig. 4, has a plurality of radially arranged 75 the ring 76 by studs 80 passing through suitable 
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bearings in said lower ends of the yoke and 
screwed into opposite sides of Said ring. 
The lever 6 preferably is pivoted, at an in 

termediate point 8 f, upon a bracket 82 fixed upon 
the crown 3 of the press. The relative lengths 
of the arms of the lever 6, as shown in Figs. 
1 and 4, are not intended to be controlling, for it 
should be obvious that the said lengths, in prac 
tice, will be determined with reference to the 
-magnitude of sliding movement to be imparted 
to the ring 59 and to the various other mechani 
cal factors in the structure which give rise to 
such movement. 
The racks 63 preferably are split longitudinally 

as indicated at 63a and the two parts of each rack 
are capable of relative longitudinal adjustment 
through the medium of suitable adjusting screws 
83 carried by brackets 84 fixed upon the slide 6. 
By suitable adjustment of the screws 83, the parts 
of the racks 63 may be slightly shifted longitudi 
nally relatively to each other whereby to elimi 
nate all material lost motion between the teeth 
of said racks and the teeth of the step-up gears 
66. - 

ratus are so assembled that, when the slide 6 
and the bed, it are perfectly parallel, the screw 
70 and the nut 73 are in such relative longitudi 
nal positions that the ring 59 is held in Concen 
tric position with respect to the rotor 55 of the 
compensator pump. When the ring is in the 
mentioned concentric position the pistons 58, 
during the continuous rotation of said rotor, fol 
low the concentricity of the said ring and, hence, 
do not slide within their respective cylinders 54, 
and, as a result, the compensator pump, although 
being driven by its operating motor, yields no 
pumping action whatever. If, during the de 
scent of the slide f6, the latter remains in paral 
lelism with the bed of the press, and, hence, re 
quires no compensating corrections, the ring 59 
remains in concentric position and the com 
pensator pump continues inactive in so far as 
pumping is concerned. 
On the other hand, if the ram in its descent, ens 

counters greater resistance toward its right end, 
caused, for example, by an irregularly shaped die, 
the liquid slippage in the pump 22b, in the face 
of such greater resistance, becomes greater than 
the slippage in the pump 22a and, hence, more 
liquid is charged into cylinder 20d than into cyl 
inder 20b. This inequality in liquid distribution 
causes the left side of the slide to tend to descend 
Somewhat in advance of the right side thereof. 
However, immediately upon the inception of such 
uneven descent and before the cocking of the 
press slide becomes objectionable in any practical 
sense, the shaft 652 and the screw TO thereon ro 
tate ahead of shaft 65r and the nut 73 thereon, 
causing the said nut to screw somewhat further. 
onto the said screw. The resultant movement 
of the nut 3 toward the left actuates the ever 
6 and shifts the ring 59 toward the right to the 
eccentric position indicated in Fig. 4. 
When the ring 59 is in the mentioned eccentric 

position shown in Fig. 4, and assuming that the 
rotor 55 is continuously driven in a counter-clock 
wise direction as indicated by the arrow, the pis 
tons 58, during the lower half of their circular 
travel within the ring 59, are moving outwardly 
within their respective cylinders 54 and, hence, 
are drawing liquid into said cylinders, through 
the ports 57, from the pipes 52 and 28a. The 
liquid thus drawn into said cylinders, is dis 

In practice, the parts of the described appa 
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pipes 53 and 28b, during the upper half of the 
circular travel of said pistons within the ring 
59 by reason of the fact that, during that period, 
the pistons are being forced inwardly within their 
respective cylinders 54 by the said ring. 

It should be understood, from the preceding 
paragraph that the described action of the com 
pensator pump 5 operates to draw liquid from 
the pipe 28a, Supplying liquid to chamber 20a, 
and transfer it to pipe 28b, supplying chamber 
20b. This transfer of liquid continues until it 
compensates for the inequalities in liquid de 
livery caused by the unequal distribution of the 
resistance opposing the descent of the slide and 
until the parallelism of the slide and bed of the 
press is restored. When said parallelism is re 
stored, the nut 73 will have been restored to its 
normal setting and the ring 59 will resume its 
concentric position, thus discontinuing the pump 
ing action of the compensator pump. 
The degree of eccentricity imparted to the ring 

59 and the rate of flow of the compensating liquid 
through the compensator pump is substantially 
proportional to the degree of the cocking of the 
press slide so that the compensating means de 
Scribed are automatically adjusted to effectively 
Oppose and correct any objectionable cocking of 
the press slide. The described compensating 
means preferably may be so designed as to correct 
even slight cocking of the slide and to prevent 
such cocking from going beyond permissible lim 
its at any time. 
Although the compensating pumping action of 

the pump 5 has been described only as it oper 
ates to correct downward movement of the left 
side of the slide in advance of the right side 
thereof, it should be clear that if the said right 
side moves ahead of the left side, an opposite co 
action of the screw 70 and the nut 73 occurs, so 
that the ring 59 is shifted to an eccentric position 
toward the left of the rotor 55. When the said 
ring is in the latter position the flow of liquid 
through said pump is from the liquid supply of 
chamber 20b to the liquid supply of chamber 20a 
and thus yields the desired compensation in a 
manner Opposite to that already detailed, 
The second embodiment of the invention, illus 

trated in Figs. 5 and 6, differs from the first em 
bodiment principally in that the racks 63 are 
arranged so that the teeth on one of said racks 
face toward the front of the press while the 
teeth. On the other rack face toward the rear 
of the press whereby said racks, through the 
step-up gears 66, drive the shafts 652 and 65r 
in opposite directions rather than in like direc 
tions; and in that a differential mechanism 85 
is employed between said shafts instead of the 
described screw and nut arrangement. 
The differential mechanism, as best seen in 

Fig. 6, comprises, bevel gears 862 and 86r, keyed 
respectively upon the inner ends of shafts 65 
and 65r and meshing with bevel differential gears 
87 which are mounted within a cage 88 upon 
studs 89. The cage 88 preferably is so mounted 
within Suitable, bearings in brackets 69 as to be 
capable of pivotal movement coaxially of the 
shafts 65l. and 65r. An arm 90, fixed upon or 
formed integrally with the cage 88, extends up 
wardly from the latter and to the upper end 

70 

charged therefrom through the ports 56 into the 75 

of this arm is connected a turnbuckle-link 60 
which, as in the first embodiment, is connected 
to and operates the flow regulating mechanism 
of the compensator pump. 

It should be clear that, after the differential 
mechanism is assembled and properly connected 



2,828,258 
to the compensator pump with the ring 59 of 
the latter in its concentric or neutral adjust 
ment and the press slide 6 and bed in paral 
lelism, a uniform downward movement of the 
slide 6 causes the shafts 65l. and 65r to move 
in similar degrees but in opposite directions, so 
that the rotation imparted to the differential 
gears 87 by the bevel gear 862, tending to turn 
the cage 88 in one direction, is exactly counter 
acted by the rotation imparted by the bevel gear 
86r to said differential gears, tending to turn 
said cage in its opposite direction. It, hence, re 
sults that while the slide f6 moves downwardly 
in parallelism with the bed f, the cage 88 and 
the arm 90 remain at rest, leaving the com 
pensator pump in its non-pumping adjustment. 
On the other hand, if one end of the slide 6 

moves downwardly ahead of the other end there 
of, one of the shafts 65l. and 65r turns to a 
greater degree than the other, thus, through the 
differential gears 87, imparting a rotative move 
ment to the cage 88 which carries the arm 90 
with it to move the ring 59 toward whichever 
eccentric position will yield the proper pumping 
action of the compensator pump. It is to be 
understood, of course, that the compensating 
action of the said pump is similar in both em 
bodiments described herein. 
The location of the compensator pump is not 

Critical and has only been indicated diagram 
matically in Fig. 4. It may, if desired, be mount 
ed upon the Crown of the press or other fixed 
supporting structure and any suitable linkage 
may be employed for connecting the nut and 
Screw mechanism or the differential mechanism 
to the said pump. 
The apparatus illustrated in the accompany 

ing drawings and described in this specification 
may, of course, be varied in many respects or may 
be applied to various types of presses without, 
however, departing from the spirit of the inven 
tion as defined in the accompanying claims. 
What I claim is: 
1. Apparatus for controlling the slide movement 

in a long-bed hydraulic press having two or 
more symmetrically-disposed slide-actuating 
rams and related ram advance chambers, the 
said apparatus comprising a compensator pump, 
connected between ram advance chambers at 
opposite sides of the press slide and having flow 
regulating means for reversing the direction of 
flow of liquid through said pump and for Con-. 
trolling the volume of such flow, and pump 
adjusting means, controlled by the advance 
movement of the press slide and adapted to co 
act with said flow regulating means to so adjust 
the said pump that the latter operates to trans 
fer liquid, during the advance movement of said 
slide, in the proper direction and in Suitable Wol 
ume between the said ram advance chambers to 
effect the advance of the press slide in substan 
tial parallelism. With the press bed. 

2. Apparatus for controlling the slide move 
ment in a long-bed hydraulic press having two 
or more symmetrically-disposed slide-actuating 
rams and related ran advance chambers, the 
said apparatus comprising a compensator pump, 
connected between ram advance chambers at 
opposite sides of the press slide and having flow 
regulating means for reversing the direction of 
flow of liquid through Said pump and for con 
trolling the volume of such flow, a pair of mov 
able members coacting with the press slide at 
opposite sides thereof, and with said flow regu 
lating means whereby to control the operation 
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of the latter in relation to the parallelism of the 
advance movement of saidslide. 

3. Apparatus for controlling the slide move 
ment in a long-bed hydraulic press having two 
or more symmetrically-disposed slide-actuat 
ingrams and related ram advance chambers, the 
Said apparatus comprising a compensator pump, 
connected between ram advance chambers at 
Opposite sides of the press slide and having flow 
regulating means for reversing the direction of 
flow of liquid through said pump and for con 
trolling the volume of such flow, a pair of rotat 
able shafts, driving means at each of opposite 
sides of the press slide, controlled by the move 
ment of the latter and adapted to coact with 
and separately drive said shafts, during the ad 
vance movement of said slide, to degrees which 
correspond or differ in accordance with the par 
allelism or non-parallelism of the press slide, a 
pair of coacting members, constrained to rotate 
Separately with the said pair of shafts, and 
motion transmitting means operatively arranged 
between said pair of coacting members and the 
flow regulating means of the said pump, the 
Said motion transmitting means being adapted 
to coact with the said pair of coacting members 
to derive movement from rotation of the latter 
to unlike degrees and to transmit such derived 
movement to the said flow regulating means 
whereby to so control the direction and volume 
of flow of liquid through said pump as to sub 
Stantially compensate for non-uniform advance 
movement of the press slide. 

4. Apparatus according to claim 3, further 
characterized in that the driving means for driv 
ing the said pair of rotatable shafts comprises, 
at each side of the press, a rack, and a pin 
ion, fixed upon one of said shafts and adapted 
to be driven by said rack, the said rack and 
pinion being carried, one upon the slide of the 
preSS and the other upon a fixed part thereof. 

5. Apparatus according to claim 3, further 
characterized in that the driving means for driv 
ing the said pair of rotatable shafts comprises, 
at each side of the press, a rack, carried upon 
the slide of the press, and a pinion, fixed upon 
one of Said shafts and adapted to be driven by 
Said rack, the said pinion and its related shaft 
being mounted upon a fixed part of the press. 

6. Apparatus according to claim 3, further 
characterized in that the said pair of coacting 
members comprises a screw member carried on 
One of Said shafts and a nut member carried on 
the other of Said shafts and having a threaded 
portion adapted to work upon the threaded por 
tion of said screw member, both said screw mem 
ber and said nut member being fixed against 
rotative movement relative to their said related 
shafts and one only of the two last-mentioned 
members being slidable longitudinally with re 
Spect to its related shaft, whereby any rela 
tive rotative movement of the two said shafts 
Operates to slidably move said slidable member 
to actuate the motion transmitting means and 
the flow regulating means of said pump. 

7. Apparatus according to claim 3, further 
characterized in that the said motion transmit 
ting means comprises a lever operatively con 
nected between said pair of coacting members 
and the flow regulating means of the said pump. 

8. Apparatus according to claim 3, further 
characterized in that the said pair of COacting 
members comprises gears in a differential assem 
bly, and in having a differential Cage adapted 
for rotation in response to differences in the 
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degrees of rotative movement of said gears, and 
a lever, adapted for operation in response to 
rotation of said cage and connected to the flow 
regulating means of the said pump whereby to 
control the operation of the latter. 

9. Apparatus for controlling the slide move 
ment in a long-bed hydraulic press having two 
or more symmetrically-disposed slide-actuating 
rams and related ran advance chambers, the 
said apparatus comprising a plurality of pump 
ing systems adapted to pump primary supplies 
of liquid separately to each of said chambers, 
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and means for transferring liquid, during the 
advance movement of the said slide, from the 
said primary liquid supply. of a ran advance 
chamber located toward one side on the press 
to the primary liquid supply of a ram advance 
chamber located toward the opposite side of 
the press, to an extent substantially sufficient to 
compensate for inequalities in the volumes of 
said primary liquid supplies arising from un 

10 equal resistance to the advance of the press side. 
EAR CANNON. 


