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20 Claims. 

This invention relates to improvements in ap 
paratus for controlling the slide movement in 
long-bed hydraulic presses, and more particu 
larly relates to improved means for maintaining 
the slide of such a press substantially in paral 
lelism with the press bed during the advance or 
downward movement of said slide despite any die 
or blank irregularity which might tend to induce 
tilting of the side. 
Any reference in the following specification 

and claims to "parallelism' or “non-parallelism' 

N.Y., a corpo-, 

Application October 28, 1942, Serial No. 463,604 
(C. 0-1) 

O 

is intended to relate to the attitude of the press 
slide relatively to the bed of a press. 
An important object of the present invention 

is the provision of improved means for auto 
matically effecting variations in the flow of liquid 

s 

to plural rams at various points along a press 
slide whereby to substantially compensate for in 
itial inequalities in such flow caused by unequal 
resistance offered to the advance of the press 
slide at various points thereon. The foregoing 
and other objects and advantages of the inven 
tion will be apparent from the following specifica 
tion and from the accompanying drawings. 
The invention disclosed herein constitutes in 

proved means of achieving the above objects and 

present invention (hereinafter referred to as the 
“first' embodiment), and of a long-bed...press On 
which it may be employed. 

Fig. 2 is a detailed view, in end elevation, show 
ing means employed for initiating a response to 
non-parallelism and for controlling certain con 
pensating means employed as a part of the pres 
ent invention. - 

Fig. 3 is a diagram illustrating the interCon 
nection of parts comprising the said first embodi 
ment of the invention. 

Fig. 4 is a side elevation of a variable fulcrum 
lever which may be employed advantageously in 
the present invention. 

Fig. 4A is a sectional view on the line X-S of 
Fig. 4. - - 
Fig. 5 is a diagram illustrating the intercon 

nection of parts comprising a second embodiment 
of the invention. 
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the objects set forth in my co-pending applica 
tion filled September 26, 1942, under Serial No. 
459,854, which has issued as Patent No. 2,328,- 
258 dated Aug. 31, 1943. The details of various 
component parts of the structures described 
herein are fully set forth in said co-pending ap 
plication and therefore the description in the 
present application is limited to such details as 
are necessary to an understanding of the im 
provements illustrated and claimed herein. 
The means disclosed in said co-pending appli 

cation are chiefly mechanical means which are 
employed to effect compensatory transfer of liq 
luid from a liquid supply for a ran or rams to 
ward one end of the press slide to a liquid supply 
for a ran or rans toward the opposite "end of 
the slide. The improvements of the present in 
vention, however, are directed toward the ac 
complishment of said objects through electrical 
or pneumatic apparatus and circuits which are 
employed to achieve a response to non-parallel 
ism and to control such a compensatory trans 
fer of liquid. 
For the purpose of illustrating the present in 

vention, and without limiting the invention 
thereto, several embodiments thereof are shown 
in the accompanying drawings, in which: 

Figure 1 is a perspective view of certain im 
portant parts of a preferred embodiment of the 
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Referring first to the disclosures of Figs. 1-3, 
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 3 by tie rods 4 extending through 
slide housings is 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 prefer 
ably are provided at the upper and lower ends 
(the latter are not visible in the drawing) 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. 3, may be enlarged at their upper ends to 
form ram pistons 9a, 49b and may be urged 
downwardly on their advance strokes by liquid 
introduced into advance chambers 20a, 20b and 
upwardly on their return strokes by liquid in 
troduced into return chambers 2a, 2b. The 
said chambers, of the general character indi 
cated in Fig. 3, 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 
A8b. Describing in detail, only the said pump 
ing system which is related to ram 8a, it com 
prises a continuously-acting pump 22a, suitably 
driven as by an electric motor (not shown). The 
said pump receives liquid from a supply tank 
28 through pipe 2a and pumps said liquid. 
through pipe 25a into a distributing slide valve , 



2 
26a which, depending upon the position of a pis 
tion 2a therewithin, directs the liguid either 
through a pipe 28a to the ram advance chamber 
2a to move the ram 8a downwardly or through 
a pipe 29a to the ram return chamber 2 a to 
move the said ram upwardly, or, through a pipe 
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30a, back to the tank 23, when it is desired that 
the ram remain substantially at rest. The men 
tioned liquid distribution, yielding the said ram 
movements, is controlled largely by the provision 
On the piston-2a of three enlarged portions or 
spools 3d, 32a and 33a and 
portions 3a and Sia, 
When it is desired to advance the ram 8a. 

(i.e., move it downwardly) to advance the slide 
f6 toward the bed if and a die and blank thereon, 
the piston 27a is shifted, by any suitable means, 

intervening neck 

0 

5 

to its extreme left position as shown in Fig. 3, 
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 ram 
advance chamber 20a, thereby forcing the ram 
8a downwardly while liquid is exhausted fro 
the ram return chamber 2 a through pipe 29d. 
into the valve 28a, 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 
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are connected in suitable electric circuits for con 
trolling the operation of the press. - 
The pistons 2.7a, 27b 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 
employed comprising a coil spring 46 which is 
positioned about the extension rod Ob 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 40b. A cage 
like frame 49 is fixed upon some fixed part of 
the press or other suitable fixed support in such 
position, adjacent the rod 40b, 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 2a and 
27b 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 4 and the right collar 8 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 

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 

30 

the ram f8a, the piston 27a, may be moved to its 
mid-position, in which the several, mentioned 
Spools on said piston close off all liquid commu 
nication between the pump 22a and the ram cham 
bers 20a and 2 fa. However, the liquid, contin 
uing to be discharged by the pump 22a passes 
from pipe 25d into interior lateral passage 36a 
in the spool 32a, thence through longitudinal pas 
Sage 37a into lateral passages 38a, 39a in the 
Spools 3a and 33a, whence said liquid passes into 
pipe 86a 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 
tens are given reference characters, in the draw 
ings and hereinafter in the specification, differ 
ing only in their suffixes, the suffix a being ap 
plied 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 280 and 26b function alike and may be 
constrained to function in unison by having their 
respective pistons tied together by extension rods 
86a and 40b which preferably are adjustably coul 
pled by a turnbuckle 4. The said pistons 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 42 may suitably be connected 
as by a pin 83 to an end extension 46 of the pis 
ton 27a. The said solenoid is adapted, when en 
ergized, to move the pistons 27a and 27b to their 
left positions, as shown in the drawings, to cause. 
downward movement of the press slide 6. An 
other solenoid 4.5 may be similarly connected to 
the piston 27b for moving both pistons to their 
right positions to cause upward movement of the 
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right positien 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 de 
tail, may be substantially identical in design, it 
will be appreciated that, where resistance to the 
advance of the slide is not uniformly distributed 
thereover, the different slippages in the two 
pumps, slight leakages, and possibly other fac 
tors, would cause the side or end of the press slide 
encountering the least resistance to advance 
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 pro 
gressed toward the end of its advance stroke. 
This highly undesirable functioning of the press 
may be substantially obviated by compensating 
means now to be described in detail. 
An important feature of this invention is the 

provision of automatic and quickly responsive 
means for substantially equalizing the supply of 
liquid to the hydraulic chambers of the several 
rams which actuate the press slide. According 
to the first embodiment of the invention it is pre 
ferred to provide such means comprising a con 
pensator pump 5 (Fig. 3) connected by a pipe 
32 to the pipe. 28a which carries the liquid Sup 
ply to ram advance chamber 20a, and connected 
by a pipe 53 to the pipe 28b which carries the 
liquid supply to ram advance chamber 20b. 
The compensator pump 5 may be a continu 

ously acting reversible pump suitably driven as 
80 

35 

70 

by an electric motor (not shown). The said com 
pensator pump further is preferably provided with 
a pumping mechanism, which is movably adjust 
able by means which extend to the exterior of 
the pump itself, for reversing the flow of liquid 
through the pump and for controlling the volume 
of such flow. Although various types of pumps, 
having pumping mechanisms conforming to these 
preferred characteristics, may be used, a pump 
of the so-called "Hele-Shaw' type such as is illus 
trated and described in my said co-pending pat 
ent is well suited to the purposes of the inven 
tion. 
As the particular control mechanism employed 

in the compensator pump is not an essential part 
press slide. The two said solenoids, of course, 75 of the present invention, the said pump is not 
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herein described in detail. It is sufficient to ob 
serve for present purposes that the flow of liquid 
through the pump 5 may be reversed and the 
volume thereof controlled by a reciprocating con 
trol member 54 which extends from the interior 
mechanism of said pump to the exterior thereof 

3 
longitudinal positions, and which afford means 
for connecting the valve 59 with the free air 
and with various ports of the release valve 60 
and the air motor 58. The valve 59 may be pro 
vided with a centering spring 78 which operates 
to center the piston O in the same manner as 

and is operatively connected through a lever 55 
to an extension 56 of a piston 57 of an air motor 
58. The said motor, as hereinafter explained, 
is automatically Operated in such manner as to 
regulate the direction and volume of flow of 
liquid through the compensator pump 5 in order 
to derive a transfer of a suitable volume of liq 
uid from the liquid supply of one of the men 
tioned rams to the liquid supply of the other 
of Said rams whereby to substantially restore 
and maintain parallelism of the press slide dur 
ing its advance movement. 
The supply of air, as a driving medium, to the 

air motor 58, is preferably controlled by means 
of an air distributing valve 59 and an air re 
lease valve 60. In carrying out the present in 
vention it is preferable to provide electrical 
means for operating the valves 59 and 60, which 
electrical means may conveniently be arranged 
to respond to non-parallelism of the press slide 
and to control the operation of the air motor 
58 so that the latter may operate the control 
means of the pump 5 f to give to the latter its 
desired compensating effect. 
The piston 5 of the air motor 58 has two 

Spools or piston heads 6 l and 6 r integrally 
formed therewith or fixedly secured thereupon 
and is arranged to reciprocate within a bore in 
an elongated casing 62. The said bore is of dif 
ferent diameters at various points therealong to 
form a central air chamber 63 and certain op 
positely-acting air chambers located toward op 
posite ends of said casing, namely, balancing 
chambers 64l and 64r, driving chambers 652, 65r, 
and drain chambers 662 and 66r. All the men 
tioned chambers in the air motor 58, as shown 
in Fig. 3, are provided with suitable ports which, 
in the case of the drain chambers 662, 66r afford 
communication between said chambers and he 
free exterior air, and in the cases of the other 

O 

5 
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the spring 46 functions to center the pistons of 
the hydraulic valves 26a and 26b. The piston 
70 is connected to oppositely-acting solenoids 79, 
80, which are connected in circuits, hereinafter 
described. 
The air release valve 60 comprises a piston 8 

having two spools 82, 83, accurately fitted to re 
ciprocate within a bore 84 of a casing 85. The 
said spools define a neck portion 8 a therebe 
tween. The casing 85, as shown in Fig. 3, is 
provided with several ports affording means for 
connecting the interior of the bore 84 to free 
air and to pipes leading to the air motor 58 
and the valve 59. The piston is normally urged 
toward the right by a compression spring 86 and 
is movable toward the left against the compres 
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mentioned chambers afford means of connect- . 
ing the latter to a compressed air line and to 
the air valves 59 and 60. 

Similar oppositely-acting centering sleeves 67t, 
6r are accurately fitted to slide upon the pis 
ton 57 outwardly of the spools 6 il, 6 r and are 
accurately fitted to slide within annular webs 682, 
68r which separate the said balancing and driv 
ing chambers at opposite ends of the air motor. 
The said centering sleeves have annular flanges 
Blf at their outer ends for limiting the sliding 
movement of said sleeves. 
Another pair of similar oppositely-acting 

sleeves 69l, 69r are accurately fitted to slide upon 
the piston 57 at points between the spools 6 fi 
and 6 r. These sleeves have similar annular 
flanges 69f on their inner ends, the said flanges 
being arranged to work within the central air 
chamber 63. . 
The air distributing valve 59 is very similar to 

the hydraulic distributing valves 26a and 26b. 
It comprises a piston 70, having three spools 
7, 2, 73 formed on or fixed thereon, and ac 
curately fitted to slide within a bore 74 in a cas 
ing 75. The said spools define neck portions 

; 6 and 77 on said piston. The valve 59, as shown 
in Fig. 3, is provided with suitable ports, which 
may be covered and uncovered by the spools 7, 
2, 3, when the piston TO is moved to various 
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65 

70 

75 

Sion of Said Spring by means of a solenoid 8 
which is suitably connected to said piston. The . . 
said Solenoid is connected in electric circuits, 
hereinafter described. 

In order to mechanically detect any non-par 
allelism of the press slide 6, a pair of verti 
cally disposed racks 88 (see Fig. 1) are secured 
at their lower ends to the slide 6 toward oppo 
site ends thereof. The said racks may be guided 
Within suitable guides 89 fixed upon the crown 
3, and when the slide descends, the racks rotate 

shafts 90l and 90r in common directions through 
the medium of step-up gears 9, which are suit 
ably journaled upon brackets 92. The gears 9 
drive pinions 93, which are keyed upon the outer 
ends of the shafts 90l. and 90r. The two men 
tioned Shafts are Supported within bracketS 9 
fixed upon the crown 3. e 

It will readily be understood that if the Slide 
6. remains in parallelism with the press bed if 
during the advance stroke of the press, the de 
Scribed rack and pinion arrangement causes the 
shafts 90l and 90r to rotate to like degrees, thus 
causing no relative movement as between said 
shafts. On the other hand, if during the ad 
vance stroke of the press slide, one end of the 
slide advances somewhat ahead of the other end 
thereof causing a tilting thereof, the mentioned 
rack and pinion arrangement causes one of the 
shafts 90l, 9ter to rotate to a greater degree than . 
the other of said shafts. 
Although the mentioned difference in the de grees of rotation of the shafts Sol, sor may not 

be very great, means are provided in the present 
invention whereby such difference in rotation 
causes the closing of an electric circuit or circuits 
which control the operation of the air valves 59 
and 60 which, by controlling the flow of air to 
the air motor 58, cause the latter to operate the 
control means of the compensator pump 5 
whereby to substantially equalize the supply of 
liquid to the hydraulic chambers of the several 
rans which actuate the press slide. 
The mentioned means for closing said circuits, 

as may best be understood from Figs. 1 and 2, 
comprise a switch plate 95 fixed upon the inner 
end of the shaft 90r and constrained to turn 
therewith, and a plurality of electric switches 
962 and 967, 972 and 97r, and 982 and 98r, ar 
ranged upon the switch plate 95 adjacent the 
periphery of a switch actuator 99 which is fixed 
upon the inner end of the shaft 902 and con 
strained to rotate therewith. 



4. 
The several mentioned switches may be car 

ried upon blocks fo which may advantageously 
be slidable, but with a very close and tight fit, 
within slideways O. Means are provided, for 
adjusting the positions of said blocks and switches 
relatively to the actuator 99, comprising lugs O2 
through which are threaded adjusting Screws 
03 which bear against the outer sides of the 

blocks to and are locked in proper adjustment 
by lock nuts fo4. Although other suitable means 
may be employed for adjusting the positions of 
the switches, the means just described permit the 
positioning of the laster so that the operating 
plungers of the switches. 962, 96r may normally 
be in engagement with the actuator 99 whereby 
one or the other of said switches may close in re 
sponse to even a slight relative movement be 
tween the switch plate 95 and the actuator 99; 

5 

5 

the switches 97t,9ir may be positioned with their 
Operating plungers slightly spaced from the ac 
tuator 99 so that said switches may close in 
response to a relative movement slightly greater 
than that which closes switches 962, 96r; and 
switches 98l. 98r may be positioned so that their 
operating plungers are slightly more removed 
from the actuator 99 than plungers of the 
switches 9TL, 9 Tr. 

All the switches referrred to are of the type 
which have become known as "micro-switches' 
and are so designed that an inward movement of 
their operating plungers of as little as .00 inch 
suffices to close a circuit through the switch, and 
further, are so designed that the switch plunger, 
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after moving inwardly sufficiently to close the 
circuit through the switch, is capable of inward 
non-effective overtravel. By utilizing switches 
of the mentioned character in the manner, de 
scribed it is possible to provide that the switches 
98l. 98r may be operated to close circuits there 
through while the operating plungers of the other 
mentioned switches are moving within their men 
tioned overtravel. Similarly, switch 97l may op 
erate within the overtravel of switch, eel and 
Switch 9r may operate within the overtravel of 
Switch 96r. 
Means are provided, in the form of a take-off 

drum (05 fixed upon the shaft 90r, for connect 
ing the Several mentioned switches in suitable 
electric circuits. As seen from the elevational 
showing of said drum in Fig. 3, it comprises a 
plurality of take-off rings 06, 0, 08, 09, de 
and , all insulated from each other and suit 
ably connected interiorly of said drum to the sev 
eral switches by Wiring which is diagrammatically 
indicated in Fig. 3. The several mentioned take-off 
rings are each engaged by wiper contacts which 
are preferably mounted upon the crown 3 of the 
press, and, from said contacts, connecting wires 
extend to certain electric solenoids in a manner 
which is hereinafter described in connection with 
the operation of the apparatus. 
The racks 88 preferably are split longitudinally 

as indicated at 88a, and the two parts of each 
rack are capable of relative longitudinal ad 
justment through the medium of suitable adjust 
ing screws .. 2 carried by brackets 3 fixed upon 
the slide 6. Sy suitable adjustment of the screws. 

2, the parts of the racks 88 may be shifted 
slightly longitudinally relatively to each other 
whereby to eliminate all material lost motion be 
tween the teeth of said racks and the teeth of 

... the step-up gears 9. 
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60 

65 

70 

in practice, the parts of the described appa 
ratus are so assembled that, when the slide. 6 
and the bed are perfectly parallel, the switches 5 
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on the switch plate 95 and the actuator 99 are in 
the relative positions shown in Fig. 2. in such 
positions, normally open switches 96, 9Gr, 97! and 
9Tr are open, and normally closed switches 9tl 
and 98r are closed and the pistons of the air 
valves 59 and 60 and of the air motor 8 are all 
in the positions indicated in Fig. 3 of the draw 
ings. . . . . 

If the press is open and it is desired to cause 
the press slide 6 to move downwardly to perform 
a pressing operation, the operator sets switch 4 
to its "down' position, as shown in Fig. 3, thereby 
closing a circuit from main lead fs (indicated 
as a negative lead), through switch 4, wire fl, 
the coil of solenoid 42, main lead f, take-off 
ring 06, thence by wire 8 to and through series 
connected, normally closed switches .98r, 9. 
which are connected by wire 9 to take-off ring 
o, and thence to lead 20 which is indicated as 

a positive lead. Automatic or semi-automatic 
means may be and usually are provided for con 
trolling the circuits through solenoids 42 and 45, . 
but such means are not described herein as they 
constitute no part of the present invexation. 
Upon the closing of the mentioned circuit 

through solenoid 42, the latter is energized and 
draws the pistons of the hydraulic valves 26a, 26b 
to their left positions as shown in Fig. 3, where 
upon liquid from the pumps 22a, 22b passes 
through the valves 26a, 26b and pipe lines 28a, 
28b to ram advance chambers 20a, 20b, respec 
tively, thus causing rams 8a and 8b to descend 
with the slide 6, the liquid from return chambers 
2a, 2b, meanwhile, being exhausted through 
pipes 29a, 29b to the valves 26a, 26b and thence 
through pipes 30a, 30b back to the tank 23. 

For present purposes it may be supposed that 
the press contains a die or dies of such irregular 
vertical dimensions, or that the blank is of such a 
character, that the slide les, in its downward 
movement, meets a greater resistance to such 
movement toward its right end, thus inducing, in 
the pump 22b, a greater slippage than is present 
in the pump 22a, with the result that the latter 
pump passes a Somewhat greater volume of liquid 
into ran advance chamber 20a than is passed into . 
ran advance chamber 20b by the pump 22b with 
the result that the eft side of the slide 6 tends 
to move downwardly ahead of the right side there 
of, thus giving the slide an objectionable tilting 
attitude which may impair the precision of the 
pressing Operation as affecting the blank and 
which, in any event, introduces very objectional 
friction and consequent wear in the slide guides 
of the press, 

However, immediately upon the inception of 
such uneven descent and before the tilting of the 
press slide becomes objectionable in any practical 
sense, the shaft 90l rotates somewhat ahead of 
the shaft SOr, thus imparting to the switch actu 
ator 99 a clockwise motion (as viewed in Figs. 
and 2) relatively to the switch plate 95, causing 
the said switch actuator to depress the plunger of 
switch 96r sufficiently to operate the latter and .. 
thereby close a circuit from main lead 5, 
through wire 2, take-off ring , wires 22, 23, 
switch 9r, wire 24, take-off ring 89, wire 2, 
the coil of solenoid 80 and wire 26, to main lead. 

. Upon the closing of the said circuit through 
Solenoid 80, the latter is energized and draws the 
piston of air distributing valve 59 toward the right 
against the tension of spring 78 to a position in 
which compressed air from airline 27 may freely 
enter the valve 9 through pipe 28 and pass along 
and around neck portion 7e of the piston 7, 
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whence it may pass out of the valve 59 through 
pipe 29 into driving chamber 65 of the air motor 
58. 
As will be seen from Fig. 3, the balancing cham 

bers 64l, 64r are directly connected to air line 27, 
hence the air pressure in said balancing chambers 
functions hormally to maintain the piston 57 of 
the air motor in its mid position, as shown in the 
drawings, by air pressure exerted on the outer 
ends of the sleeves 672, 67r, which press at their 
inner ends against the spools 6 l, 6 r, respectively. 
However, when compressed air at the same pres 
Sure is introduced into driving chamber 652, in 
the manner just described, the force of said pres 
sure exerted upon the left side of the spool 6 fl is 
greater than the difference between the forces of 
the pressure on the left and right sides of the 
flange 67f of the sleeve 67r, hence the piston 57 is 
driven toward the right until the spool 62 en 
gages the left end of the sleeve 692 but proceeds 
no further inasmuch as the force of the air pres 

- Sure within the central air chamber 63, which is 
riormally connected to air line f2 through pipe 
30 and valve 60 exerts a greater force upon sleeve 
69 than the difference in the forces applied to 
the spool. 6tl in the chamber 65l. and to the sleeve 
Sr in the chamber 64r. 
The mentioned limited shifting of the piston 57 

to the right in the manner just explained causes 
the lever 55 to turn about its fulcrum 55a and 
move the control member 54 of the reciprocating 
pump 5 to the left, and the connection of the 
Said control member to the said pump is such that 

5 
larity of the die or blank causes the left side of 
the press slide 6 again to move ahead of the 
right side thereof, the described apparatus again 
functions in a similar manner to bring the com 
pensator pump into play to again restore the 
parallelism of the press slide. This compensating 
action may conceivably take place a number of 
times during the advance of the press slide so 
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that, during said advance, the press slide pursues 
an almost imperceptible rocking action. The late 
teraction, of course, is restrained within per 
missible limits so that, in so far as any material 
considerations are concerned, the press slide is 
maintained in parallelism with the bed of the 
press during its entire advance movement. 

It should be understood, of course, that if the 
irregularity of the die or blank is such as to 
cause the right side of the press slide 6 to ad- . 
vance slightly ahead of the left side thereof the 
apparatus already described effects compensa 
tion in the manner just explained, except, of 
course, that the switch actuator 99 operates 
switch 962 instead of switch 96, and, as the for 
mer switch is connected through take-off ring 
to 8 to the coil of solenoid 79, the piston of the 
air distributing valve 59 is moved to the left in 
stead of to the right, so that compressed air is 
introduced into chamber 65r-of, the air motor 58 
instead of into chamber 65, thereof, thereby callS 
ing the piston of said air motor to move toward 
the left, thus causing the reciprocating control 
member 54 of the compensating pump to move 

the latter pumps liquid through pipes 53 and 52 
from the primary liquid supply of ram 8a to the 
primary liquid supply of ram 8b. 
This pumping action of the pump 5, resulting 

from the limited shifting of the piston 57 of the 
air motor 58 and the consequent limited control 
change in the compensator pump 5 f, may transfer 
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Sufficient liquid from one side of the press to the 
other to fully compensate for the pre-existing 
inequalities in the volumes of liquid supplied to 
the opposite side of the press, with the result that 
the slide 6 of the press is restored to parallelism 
with the press bed f. While such restoration is 
taking place, there occurs a counterclockwise 
novement of the switch actuator 99 relatively to 
the Switch plate 95. which permits switch 96r to 
Open, thus breaking the mentioned circuit 
through solenoid 80, whereupon the piston To of 
the air distributing valve 59 is restored to the mid 
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position shown in Fig. 3 by the centering spring 
8. 
In the said midposition of piston T0, the spool 

2 closes of pipe 128 while driving chamber 65l of 
the air motor is connected to exhaust port 30 of 
air valve 59 through air pipe 29 and through the 
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interior of valve 59 wherein the exhaust air from . 
chamber 6 may pass around neckportion 76 to 
said exhaust port 30 and pass through the latter 
to free air. Upon chamber 65l of the air motor 
being connected to free air in the manner just 
described, the air pressure in the balancing cham 
ber 6r functions to move sleeve 6 Tr-to the left, 
carrying the piston 57 with it back to the latter's 
midposition, as shown in the drawings. The said 
movement of the mentioned piston, of course, 
restores the control member 54 of the compen 
Sator pump 5 to its normal position in which the 
pumping mechanism of said pump, although being 
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driven by its motor, is nevertheless not passing 
any liquid. 

If, after the discontinuance of the pumping 
action of the compensator pump S, the irregu- 75 

to the right whereby to cause the pumping mecha 
nism of said pump to transfer liquid from the 
primary liquid supply of ran 8b to the primary 
liquid supply of ram 8a, thus restoring the par 
allelism of the press slide. 

It may occur in practice that die, or blankir 
regularities or other conditions may be such as 
to cause a more pronounced or objectionable tilt 
ing of the press slide than the permissible tilting 
which the compensating means thus far described 
is adapted to compensate. Such objectionable 
tilting may be of such magnitude that, if we as 
sume the left side of the press slide to be moving 
in advance of the right side thereof, not only 
would switch 96r be closed by the actuator 99. 
but the clockwise rotation of said actuator rel 
atively to switch plate 95 would be sufficient to 
also close switch 97r which, as may be seen from 
Fig. 3, is connected through take-off ring 
with the coil of solenoid 87. Thus, in the event 
of such excessive tilting of the press slide, the 
solenoid 87 is energized and moves piston 8 of 
air release valve Go toward the left against the 
compression of spring 86, causing spool 8 to close 
off air line 27 from communication with the in 
terior of said waive and at the same time afford 
ing a passage permitting air from central air 
chamber 63 of the air motor 58 to exhaust through 
pipe 30 into release valve 60, whence said ex 
haust air passes around and along the neckpor 
tion of the piston 8 and escapes to free air 
through exhaust port . . . 
Upon the opening of central air chamber 6 

of the air motor 58 to exhaust, the sleeve 892 
which theretofore functioned as a stop limiting 
the sliding movement of the piston 5 to the right, 
becomes free to move to the right within cham 
ber 63 thus permitting a further movement of 
the piston 57 to the right in addition to the 
limited sliding movement previously pursued by 
said piston, in response to air introduced into 
chamber 852. This further movement of the pis 
ton 57 to the right causes a corresponding fur 
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ther movement of the reciprocating control mem 
ber 54, of the compensator pump, toward the left, 
thus increasing the compensating flow of liquid 
through the pump 5 to yield sufficient additional 
compensation to overcome the excessive tilting 
of the press slide and restore it to parallelism. 

. In the event that excessive tilting of the press 
slide occurs in which the right side of the press 
slide moves downwardly in advance of the left 
side thereof, the switch actuator 99 closes switch 
972 instead of switch 97r. It will be observed, 
however, that both mentioned switches are con 
nected in circuit through the coil of solenoid 87, 
thus, regardless of which side of the press slide 
is moving ahead when excessive tilting is pres 
ent, the solenoid 87 is energized to shift the pis 
ton 8 of air release valve 60 toward the left, 
in the manner already described, to exhaust the 
air and relieve the pressure from central air 
chamber 63 of the air motor 58. Such release of 
pressure in said chamber permits' sleeve 69r to 
move toward the left when the piston 57 is being 
urged toward the left, thereby permitting said 
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movements it is preferable to provide a variable 
fulcrum point for the lever 65. 

Preferred means of providing a variable full 
crum point for the lever 55 are illustrated in 
Figs. 4 and 4a. As illustrated, the lever 55 is 
formed of two opposed similar side pieces f32a, 
32b which are spaced apart, and the upper 

ends thereof are pivotally connected to opposite 
sides of the Outer end of the reciprocating Con 
trol member 54. The lower ends of Said side 
pieces are pivotally connected at opposite sides 
of one end of a link 133 which is connected to 
the extension 56 of the piston of the air motor 58. 

. A bracket 33 is fixed, as by machine Screws 
or bolts 34, upon any convenient fixed surface 
of the press installation located sufficiently near 
to the compensator pump 5 and the air motor 
58 that an elongated extension 35 of said bracket 
may extend between the side pieces 32a and 
32b. Over substantial portions of their lengths 

, the said side pieces are slotted as at 36, and 

piston to move beyond its initial limited move 
ment, causing a corresponding increase in the 
movement of the reciprocating control member 
5 of the compensator pump to the right so that 
the flow of liquid through said pump, in the prop 
er direction, is increased sufficiently to yield the 
desired increased compensating effect. 

. . Under some conditions it may be feasible to 
dispense with the air release valve 60. If this 
is done, the apparatus employed would be so 
adjusted that the compensator pump 5, under 
any anticipated operating conditions, would fully 
yield the compensating effect necessary to re 
store the parallelism of the press slide as a re 
Sult of a single shift of the control member 54. 
However, if the compensating capacity of the 
compensator pump 5 is stepped up sufficiently 
to cause adequate compensation, in all instances, 
in response to the closing of only a single switch, 
96l or 96r, compensation would occur very rapidly 
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and consequently the mentioned rocking of the , 
press slide, under some circumstances, might be 
objectionably rapid, and during a single advance 
stroke of the slide might occur so frequently as 
to be objectionable. 
The air release valve 60 is advantageous in 

that, by its use, a complete stroke of the piston 
5 of the air motor 58 and consequent extreme 
adjustment of the control member 54 of the 
Compensator pump, is accomplished in two dis 
tinct steps rather than in One step. If exces 
sive tilting of the press slide occurs, the men 
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at each side of said lug to permit locking 

the extension 35 is slotted as at 137. A follower 
block 38 is threaded upon and movable longi 
tudinally within the slot 37 by an elongated 
screw 39, an unthreaded portion at the lower 
end of which seats within a socket 40 at the 
lower end of the slot 37. The screw 39 is 
threaded over all of its length except the lower 
end portion just mentioned, and the upper end 
4 which may be of any suitable shape for re 
ceiving a wrench to turn said screw or may, if 
desired, have a small hand wheel fixed thereto. 
The upper end of the extension 35 serves as a 
lug 42 through which the screw 39 extends, 
and lock nuts 43 are provided On Said Screw 

the said 
screw in position. 
The follower block 38, as best seen in Fig. 4a, 

is provided on each side with trunnions 44 which 
protrude into the slots 36 in the side pieces of Y 
the lever 55. The said trunnions each fit accu 
rately into bores of blocks 45 which are suitably 
formed to slide within rabbets f46 formed along 
the inner sides of the slots 36. 

It will be observed from Fig. 4a that, except fo 
, the trunnions 44, the follower block f38 is the 
same width as the adjacent portions of the exten 
sion 35 and that the inner surfaces of the blocks 
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tioned two step adjustments yield the maxi 
mum compensating effect necessary to restore 
the press slide to parallelism. However, the 
tilting of the press slide, in many cases, may be 
compensated before becoming excessive, by the 
effect of only one step of compensator pump 
adjustment. It follows that when only the lower 
compensating effect, of a single step of com 
pensator pump adjustment, is brought into play, 
the rocking action of the press slide is much 
slower and not frequent enough to be objection 
able. . 

It may be understood from the foregoing ex 
planation of the effects of too rapid compensa 
tion, that it is important to so correlate the 
movement of the piston 57 of the air motor 58 to 
the movement of the reciprocating control ele 
ment 54 of the compensating pump that only the 
proper degree of compensation is obtained. In 

lating movement. 

45 are in the same plane as the inner surfaces of 
the side pieces 32a, 32b. Under this arrange 
ment the said side pieces and the blocks 45 
which slide therein are free to oscillate as a part 
of and with the lever 55 while the follower block 
38, although capable of sliding motion within 
the slot f37 in response to turning of the Screw 
39, is nevertheless restrained against any oscil 

It will be seen that by means 
of the structure illustrated in Figs. 4 and 4a. the 
fulcrum point 55a of the lever 55 may conven 
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iently, be moved up or down, within all desired 
practicable limits, with respect to the lever 55 so 
that the action of the air motor 58 may be corre 
lated to the action of the compensator pump 5. 
The second embodiment is illustrated in Fig. 5 

and parts therein, which are similar to those illus 
trated in Fig. 3, are given reference characters 
which are similar except that where in Fig. 3 the 
suffixes a and b have been employed in the refer 
ence characters of parts in the hydraulic systems 
Supplying the two rams, suffixes a, b, c and d are 
employed in Fig. 5 in the reference characters of 
certain parts of the hydraulic systems supplying 
the four rams illustrated. 
The Second embodiment may best be under 

order to readily permit correlation of these 75 stood by considering it as an adaptation, of the 
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instrumentalities employed in the first embodi 
ment, to a long-bed hydraulic press in which four 
rams 8a, b, c and 8d are associated with 
the press slide 6 to impart the desired pressing 
movements to the latter. The pump. 22a and 
hydraulic distributing valve 26a handle the pri 
mary supply of liquid to ram 8a; the pump 22b. 
and the hydraulic distributing valve 26b handle 
the supply of liquid to the ram.8b; a pump 22c 
and a hydraulic distributing valve 26c handle the 
Supply of liquid to the ram f&c.; and a pump 22d 
and a hydraulic valve 26d handle the supply of 
liquid to the ram 8d. w 

instead of employing Only a single compensator 
pump, it is preferred, in the second embodiment, 
to employ two substantially similar compensator 
pumps 5bC and 5 fad, the former being connected 
by suitable pipes 52bc, 53bc, between the pipes 
28b and 28c which carry liquid to the advance 
chambers which actuate rams 8b and 8c, and 
the latter pump being connected by suitable pipes 
52ad, 53ad, between the pipes 28a and 28d which 
carry liquid to the advance chambers which actu 
ate rams 8a and 8d. 
The single air motor 58 is adapted to actuate 

the reciprocating control members 54bc and 54ad 
of the two compensator pumps by connecting the 
levers 55bC and 55ad to opposite end extensions of 
the piston 57 of said air motor in the manner 
indicated in the drawings. A single air distrib 
uting valve 59 and a single air release valve 60 
control the air supply to the air motor 58 similarly 
to the first embodiment. 
The electrical system of the second embodi 

ment differs from that illustrated in the first 
embodiment only in that two oppositely-acting 
Soleroids are employed for independently actu 
atting each of the hydraulic distributing valves. 
However, as it is necessary that the said valves 
function similarly and simultaneously, the sole 

- noids 2a, 2b, 42c and 42d which function to 
shift the pistons of their related hydraulic dis 
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7. 
pensator pumps be controlled so as to give effect 
to the said differences in the volume of liquid 
transfer as between the two mentioned pairs of 
rams. This may easily be accomplished by vary 
ing...the position of the fulcrum of each of the 
levers 55bc, 55ad, so that for any given stroke of 
the piston 5 of the air motor 58 the resulting 
stroke of the control member 54 bc will be sub 
stantially less than the resulting stroke of the 
control member 5ad so that the rate of flow of 
liquid through the pump 5 fad will be substan 
tially greater than the rate of flow through pump 
5f bc. It will be seen that proper adjustment of 
the fulcrum points of the two mentioned levers 
will yield a proper rate of flow through the two, 
Compensator pumpS. 
In the event that the side 6, in its downward 

movement, is tilting to one side or the other, one 
or more of the several electric switches, in the 
manner already fully described, will close and 
cause the air motor to bring the pumps 5 fibc and 
5 fad into play to cause transfer of compensating 
liquid between the liquid supplies to rams 8b 
and 8c, and between the liquid supplies to rams 
8a and 8d. 
It will be observed that in both modifications 

the switches 98l. 93r are connected in series 
through the take-off rings fo6, 07 between the 
wire 20 and the main lead . These switches 
are normally closed so that in normal operation 
the circuit between said Wire and lead is closed. 
The said switches 982 and 98, as best seen from 
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Fig. 2, may only be actuated by the actuator 99, 
by rotation of the latter relatively to the switch 
plate 95 to a greater extent than is necessary to 
actuate switches 9tl and 9r. 
Ordinarily, compensation takes place in all 

cases before actuation of the switches 982 and 
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tributing valves to the left, are all connected in 
parallel in a single circuit and the solenoids 45a, 
5b, 5c and 45d which function to shift the pis 

tons of Said valves to the right are likewise con 
Elected in parallel in another single circuit. The 
first mentioned circuit which causes the men 
tioned left shifting resulting in a downward 
movement of the press slide is, is closed when 
the switch f4 is set to its "down" position, and 
the second mentioned circuit which causes the 
mentioned right shifting resulting in an upward 
movement of the press slide is is closed when the 

- switch f is set to its 'up' position. - 
Inasmuch as the hydraulic distributing valves. 

2a, 2b, 2c, 26d. in the second embodiment are 
all operated independently, each of said waves is 
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provided with its own centering means. Each . 
of said centering means functions exactly as the 
centering means described in connection with 
the first embodiment, the only difference being 
that in the second embodiment centering springs 
Ea. 46b, c and 4td are located within the cas 

ings of their related valves. - 
-The variable fulcrum arrangement already de 

scribed in detail is preferably employed in con 
nection with both evers 5 bic and 55ad. As, in 
any COEapensating movement of the press side, 
the volume of compensating liquid transferred 
between the liquid supplies of rains b and Ec 
is much less than the volume of compensating 
liquid transferred between the primary liquid 
supplies of rams a and d, it is necessary that 
the rate of flow of liquid through the two com 
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98r occurs. However, if some part of the system 
were to fail, with the consequent failure of the 
compensating mechanism, or if for any other 
reason compensation should not take place and 
the tilting of the press side progressed suff 
ciently to be objectionable or dangerous, one or 
the other pf switches 982 or 98r would be opened 
by the actuator 99, thus opening the solenoid 
circuits which include said Switches, whereupon 
the pistons of the several hydraulic distributing 
valves would assume their mid positions, thus 
stopping the movement of the press slide, and, 
the piston of the air valve 59 would move to its 
mid position, thus centering the piston of the 
air motor SS and shifting the control members 
of the compensator pumps to neutral or non 
pumping position. Thus the switches 982, 98r 
function as Safety SWitches. 

It is We known by those familiar with the art 
relating to hydraulic presses, that suitable means 
in the form of drain or by-pass ducts or clear 
ances must be provided in certain portions of the 
various valves and the air motor to prevent lock 
ing thereof. Such reans towever, are not essen 
tial features of the present invention and, there 
fore, have not been fully itstrated in the draw 
ings. . 

It should be understood, of course, that the 
invention may be employed in presses using three 
or five or more rams and that the use of a com 
peasator prop or prais Enay be avoided in Sone 
installations, by adapting the electric or pneu 
Ematic apparatus, or both, tofunction directly with 
the pumps provided for supplying liquid to the 
several ran chambers, whereby to effect compen 
sation directly in said. pumps. The invention 
may be practiced in these and many other ways 
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without, however, departing from the substance 

- of the invention as defined in the accompanying 
claims. 
What I cairn is: w 
1. Apparatus for controlling the slide move 

ment in a long-bed hydraulic press having two 
Or more Symmetrically-disposed side-actuating 
rans and related ram advance chambers, the 
said apparatus comprising a plurality of pumping 
Systems adapted to pump Supplies of liquid sepa 
rately to each of said chambers, adjustable com 
pensating means, adapted for adjustment inde 
pendently of said plural pumping systems, for 
effecting compensating variations, during the ad 
vance movement of the press slide, in the volume 
of liquid pumped into said chambers, and an 
electric control system, adapted to control the 
adjustment of said compensating means and 
being responsive to non-parallelism of the press 
slide, whereby to cause said compensating means 
to effect compensation in the volume of liquid 
pumped into said chambers to substantially 
remedy such non-parallelism. w 

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 plurality of pumping 
systems adapted to pump supplies of liquid sepa 
rately to each of said chambers, transfer means 
for transferring liquid, during the advance move 
ment of the press slide, from the said liquid sup 
ply of a ram advance chamber located toward 
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means adapted to Operate Said switch in response 
to non-parallelism of the press slide. 

6. Apparatus for controlling the slide move 
ment in a long-bed hydraulic press having two 

. Or more Symmetrically-disposed slideractuating 
rams and related ram advance chambers, the 
Said apparatus comprising a plurality of pumping 
systems adapted to pump supplies of liquid sep 
arately to each of said chambers, compensating 
means for effecting compensating variations, 
during the advance movement of the press slide, 
in the volume of liquid pumped into said cham 
bers, and an electrict control system, adapted to 
control the operation of said compensating 
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one side of the press to the liquid supply of a ram . 
advance chamber located toward the opposite 
side of the press, and an electric control system, 
adapted to control the operation of said transfer 
means and being responsive to non-parallelism 
of the press slide, whereby to cause said transfer 
means to transfer sufficient liquid to substan 
tially remedy such non-parallelism. 

3. Apparatus for controlling the slide move 
ment in a long-bed hydraulic press having two 
Or more symmetrically-disposed slide-actuating 
rams and related ram advanced chambers, the 
said apparatus comprising a plurality of pumping 
systems adapted to pump supplies of liquid sepa 
rately to each of said chambers, compensating 
means comprising pumping apparatus, connected 
between ram advance chambers at opposite sides 
of the press slide for effecting compensating var 
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iations, during the advance movement of the 
press slide, in the volume of liquid pumped into 
Said chambers, and an electric control system, 
adapted to control the operation of said compen 
Sating means and being responsive to non-paral 
lelism of the press slide; the said pumping appa 
ratus having flow-controlling means, controlled 
by said electric System, for controlling the flow of 
liquid through said pumping apparatus between 
Said chambers, whereby to cause said compen 
Sating means to effect compensation in the vol 
ume of liquid pumped into said chambers to sub 
stantially remedy such non-parallelism. 

4. Apparatus according to claim 3, further 
characterized in that the mentioned flow-control 
ing means are adapted to control the direction of 
flow. of liquid through said pumping apparatus 
between said chambers and to vary the volume 
of such flow. 

5. Apparatus according to claim 1, further 
characterized in that the said electric control 
system comprises an electric circuit, controlling 
the adjustment of said compensating means, a 
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means and being responsive to non-parallelism 
of the press slide, whereby to cause said compen 
sating means to effect compensation in the Wol 
ume of liquid pumped into said chambers to sub 
stantially remedy such non-parallelism, the ap 
paratus being further characterized in that the 
said electric control system comprises an elec 
tric circuit, controlling the operation of said 
compensating means, a switch in said circuit, and 
a pair of movable members coacting with the 
press slide at opposite sides thereof and with said . 
switch, whereby, through said circuit, to control 
the operation of said compensating means. 

7. Apparatus for controlling the slide nove 
ment 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 plurality of pumping 
systems adapted to pump supplies of liquid sep 
arately to each of said chambers, compensating 
means for effecting compensating variations, 
during the advance movement of the press slide, 
in the volume of liquid pumped into said cham 
bers, and an electric control system, adapted to 
control the operation of said compensating 
means, and comprising an electric circuit, con 
trolling the operation of said compensating 
means, a switch in said circuit, a pair of rotatable 
shafts, and 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 to degrees which cor 
respond or differ in accordance with the parallel 
ism or non-parallelism of the press slide, the Said 
switch being carried upon and constrained to 
rotate with one of said shafts, and the other of 
said shafts having a switch actuator constrained 
to rotate therewith, the said switch and actuator 
being in non-coacting relationship during the 
parallelism of the slide but being adapted to co 
act with each other to operate said Switch in re 
sponse to relative movement occurring between 
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said shafts upon the departure of the press slide 
from parallelism, whereby to cause said con 
pensating means to effect compensation in the 
volume of liquid pumped into said chambers to 
substantially, remedy such non-parallelism. 

8. Apparatus according to claim 1, further 
characterized in that the said compensating 
means comprise a movable member adapted to 
control the said compensating variations, and 
in having driving means coacting with and 
adapted to actuate said movable member, the 
said electric control system being adapted to con 
trol the said driving means, and, through con 
trol of the latter, to control the said compensat 
ing means to remedy non-parallelism of the press 
side. 

9. Apparatus for controlling the slide move 
switch in said circuit, and switch operating. 75 ment in a long-bed hydraulic press having two 

t 
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or more symmetrically-disposed slide-actuating 
rams and related ram advance chambers, the 
said apparatus comprising a plurality of pump 
ing Systems adapted to pump supplies of liquid 
separately to each of said chambers, compensat 
ing means for effecting compensating variations, 
during the advance movement of the press slide, 
in the volume of liquid pumped into said cham 
bers, and an electric control system adapted to 

directions and degrees of non-parallelism of the 
press slide and adapted to control the supply of 
fluid to said separate chambers in accordance 
with the direction and degree of non-parallelism 

5 of the said slide. 13. Apparatus for controlling the slide move 
ment in a long-bed hydraulic press having two 
or more symmetrically-disposed 'slide-actuating. 
rams and related ram advance chambers, the 

control the operation of said compensating 10 said apparatus comprising a pumping system for 
- means and being responsive to non-parallelism of 
the press slide, the said compensating means 
comprising a movable member adapted to con 
trol the said compensating variations, and a 

each of said ran advance chambers, adjustable 
compensating means, adapted for adjustment in 
dependently of said pumping systems, for sub 
stantially equalizing the volume of liquid pumped 

fluid-actuated motor coacting with and adapted 15 to each of said chambers during the advance 
to actuate said movable member, the said electric 
control system being adapted to control the said 
motor, and, through control of the latter, to 
cause said compensating means to effect compen 
sation in the volume of liquid pumped into said 
chambers to substantially remedy such non-par 
allelism. w u 10. Apparatus according to claim 1,... further. 
characterized in that the said compensating 
means comprise a movable member adapted to 
control said compensating variations to a degree 
corresponding substantially to the degree of 
movement of said movable member, and in hav 
ing driving means for moving said movable mem 
ber, the said driving means having plural, sepa 
rately controllable stages of operation, and the 
said electric control system having plural circuits, 
each, responsive to different degrees of non-par 
allelism of the press slide and adapted to con 
trol the mentioned separate stages of operation 
of said driving means; . . 11. Apparatus for controlling the slide move 
ment 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 plurality of pumping 
Systems adapted to pump supplies of liquid sep 
arately to each of said chambers, compensating 
means for effecting compensating variations, 
during the advance movement of the press slide, 
in the volume of liquid pumped into said cham 
bers, and an electric control system, adapted to 
control the operation of said compensating 
means, the said compensating means comprising 
a movable member adapted to control said com 
pensating variations to a degree corresponding 
substantially to the degree of movement of said 
novable member, the apparatus having driving 
means, for moving said movable member, com 
prising a fludd-actuated motor including a cas- 55 
ing, and a piston adapted to reciprocate within 
said casing, the casing having separate cham 
bers for fluid for causing plural stages of move 
ment of said piston in one direction, and the said 
electric control system having plural circuits, 
each responsive to different degrees of non-par 
allelism of the press slide and adapted to control 
the supply of fitid to said separate chambers in 
accordance with such different degrees of non 
parallelism of the press slide, whereby to cause 
said compensating means to effect compensa 
tion in the volume of liquid pumped into said ram 
advance chambers to substantially remedy such 
non-parallelism. 

12. Apparatus according to claim 11, further 
characterized in that the said casing has such 
separate chambers for fluid for causing plural 
stages of movement of said piston in each direc 
tion, and in that the said electric control system 

movement of the press slide, a fluid actuated mo 
tor coacting with said compensating means for 
adjusting the latter, and motor control means, 
responsive to non-uniform advance movement 

20 of the press slide and adapted to control the fluid 
supply to said motor. . v i4. Apparatus for controlling the slide move 
ment in a long-bed hydraulic press having two 
or more symmetrically-disposed slide-actuating 

25 rams and related ran advance chambers, the 
... said apparatus comprising a pumping system for 
each of said ram advance chambers, compensat 
ing means, comprising a reversible pump con 
nected between ram advance chambers at oppo 

30 site sides of the press slide for substantially 
equalizing the volume of liquid pumped to each 
of said chambers during the advance movement 
of the press slide, a fluid-actuated motor coact 
ing with said compensating means for operating 

35 the latter, and motor-control means, responsive 
to non-uniform advance movement of the press 
slide and adapted to control the fluid supply to . 
said motor. ' Y 15. Apparatus. for controling the slide move 

0 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 pumping System for 
each of said ram advance chambers, compensat 
ing means for substantially equalizing the volume 

s of liquid pumped to each of said chambers during 
the advance movement of the press slide, a fluid 
actuated motor coacting with said compensating 
means for operating the latter, and motor con 

so trol means, responsive to non-uniform advance 
movement of the press slide and adapted to con 
trol the fluid supply to said motor, said motor 
control means comprising an electric circuit in 
cluding a switch adapted to be operated in re 
sponse to non-uniform advance movement of 
the press slide. 

16. Apparatus for controlling the slide move 
ment in a long-bed hydraulic press having two 
or more symmetrically-disposed slide-actuating 
rams and related ram advance chambers, the 

60 said apparatus comprising a pumping System for 
each of said ram advance chambers, compensat 
ing means for substantially equalizing the volume 
of liquid pumped to each of said chambers dur 

65 ing the advance invenient of the press slide, a 
fluid-actuated motor exacting with said compen 
sating means for operating the latter, and motor 
control means, responsive to non-uniform ad 
vance movement of the press slide and adapted 

to to control the fluid supply to said motor, said ap 
paratus being further characterized in that the 
said motor is capable of plural stages of operation 
and in that the motor control means comprise 
Separaty: electric circuits, adapted to separately 

has plural circuits, each responsive to different 75 contre, said stages of operation and in that each 
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of said circuits includes separate switches, each 
of said switches being adapted to operate in re 
sponse to different degrees of non-uniform ad 
vance movement of the press slide. 

17. Apparatus for controlling the slide move 
ment in a long-bed hydraulic press having One or 
more pairs of slide-actuating rams, the members 
of which pairs are equidistant from the center of 
said slide and at opposite sides thereof, and relat 
ed pairs of ram advance chambers; the said ap paratus comprising separate, substantially simi 
lar pumping systems for each of said chambers, 
adjustable compensating means for each pair of 
chambers, adapted for adjustment independent 
ly of said pumping systems, for substantially ef 
fecting compensating variations, during the ad 
vance movement of the press slide, in the volume 
of liquid pumped into the paired chambers, and 
an electric control system, adapted to control the 
adjustment of said compensating means and be 
ing responsive to non-parallelism of the press 
slide. 

18. Apparatus for controlling the slide move 
ment in a long-bed hydraulic press having one 
or more pairs of slide-actuating rams, the men 
bers of which pairs are equidistant from the cen 
ter of said slide and at oppositesides thereof, and 
related pairs of ram advance chambers; the said apparatus comprising separate, substantially 
similar pumping systems for each of said cham 
bers, adjustable compensating means for each 
pair of chambers, adapted for adjustment inde 
pendently of said pumping systems, for substan 

...tially effecting compensating variations, during. 
the advance movement of the press slide, in the 
volume of liquid pumped into the paired cham 
bers, a fluid actuated notor coacting with said 
compensating means for adjusting the latter, and 
motor control means, responsive to non-uniform 
advance movement of the press slide and adapted 
to control the fluid supply to said notor. 

19. Apparatus for controlling the slide move 
ment in a long-bed hydraulic press having two 
or more symmetrically-disposed slide-actuating 

2,353,888 
rams and related ram advance chambers, the said 

35 
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apparatus comprising a plurality of pumping 
systems adapted to pump supplies of liquid sepa 
rately to each of said chambers, compensating 
Smeans for effecting compensating variations, 
during the advance movement of the press slide, 
in the volume of liquid pumped into said cham 
bers, an electric operating circuit including a . 
safety switch, for controlling the said advance 
movement, an electric compensation-control cir 
cuit including a control switch, for controlling 
the operation of said compensating means, and 
a pair of movable members, adapted to derive 
movement relatively to each other, in response to 
non-uniform advance movement of the press 
slide, through coaction with opposite sides of the 
said slide, one of said movable members having 
a portion constituting a switch actuator and the 
Other of said members having said control switch 
and said safety switch fixed thereon along the 
path followed by said actuator during such rela 

- tive movement, the said control switch being 
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adapted to be operated by said actuator upon a 
predetermined degree of tilting of the press slide 
and the said safety switch being adapted to be 
operated by said actuator upon tilting of the 
press slide beyond a predetermined degree of 
tilting, whereby to cause said operating circuit to 
stop the advance movement of the press side. 

20. Apparatus for controlling the side move 
ment in a hydraulic press having an electric cir 
cuit adapted to control the closing movement 
of the press slide, the said apparatus comprising 
a pair of movable members, adapted to derive 
movement relatively to each other, in response 
to non-uniform advance movement of the press 
slide, through coaction with opposite sides of 
the said slide, and a switch, in said circuit, car 
ried upon One of said members, a portion of the 
other of said members being adapted, during such 
relative movement, to engage and operate said 
switch whereby to cause said electric circuit to 
stop the movement of the press slide. 

EARL CANNON. 
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