
June 26, 1951 J. B. CASTLE, Jr., ET AL 2,558,071 
ELECTROHYDRAULIC CONTROL MEANS FOR MACHINES 

EMPLOYING PLURAL, HYDRAULIC MOTORS 
Filed May 3, 1946 W 4. Sheets-Sheet 

Zay. A - 
Ay 

NVENTOR 
VaA/AS A. Ca 9.A. J. 

Y ! 

4.42A, ATTORNEY 

  



June 26, 1951 J. B. CASTLE, JR., ETAL 2,558,071 
ELECTROHYDRAULIC CONTROL MEANS FOR MACHINES 

EMPLOYING PLURAL, HYDRAULIC MOTORS 
Filed May 3, 1946 4. Sheets-Sheet 2 

Z444, 

242/721222/2ZZZZZZZZZZY 

2 
2 
2 2 

S. 

SNA SNSN St. SNNrs AN 

NASAN 

Nan 

INVENTORS 
VaAMAS A. CaS7A. A. V. 
fifthur a. S/AVGZa/f 

A44, (24341, 
A 7. To Rwfy 

Arayaaaaaaaaaaaaa r 
- 
O 

Syrya N 

  

  

  

  

  

  



June 26, 1951 J. B. CASTLE, Jr., ET AL 2,558,071. 
ELECTROHYDRAULIC CONTROL MEANS FOR MACHINES 

EMPLOYING PLURAL, HYDRAULIC MOTORS 
Filed May 3, 1946 4. Sheets-Sheet 3 

AP 
Mo/ INVENTORS 

Val MAS A. CaS7A. A Vir. 
o AAP7A/VAP A. S/WCAA/A 13 6 sy 
yeya 64 (2 6-cee, 

arrorway 

  



June 26, 1951 J. B. CASTLE, J.R., E.T A. 2,558,071 
ELECTROHYDRAULIC CONTROL MEANS FOR MACHINES 

EMPLOYING. PLURAL, HYDRAULIC MOTORS 
Filed lay 3, l946 4. Sheets-Sheet 4 

SN 

- 

III: SN 67 
7o Zayawa O se area payro Resy " . 

63 s 

&SN 67 
save a S&t. aver Saz 

INVENTO 
WAMAS A. CASTLA 

7A/VA. a. S/AWGAMAA 

62-ee (2 
a 77OAPWA7 

  

  

  



Patented June 26, 1951 2,558,071 

UNITED STATES PATENT OFFICE 
2,558,071 

ELECTROHYDRAULC CONTRO, MEANS FOR 
MACHINES EMPLOYNG PLURAL, HYDRAU 
LC. MOTORS 

James B. Castle, Jr., Oakland, and Arthur A. Sin 
clair, San Leandro, Calif., assignors, by mesne 
assignments, to said James B. Castle, Jr., and 
Earl W. Johnson, both of Oakland, Calif. 
Application May 3, 1946, Serial No. 667,222 

(C. 60-52) 16 Claims. 

Our invention relates to presses, and more par 
ticularly to a press brake and apparatus for con 
trolling the movable blade thereof. 
Among the objects of our invention are: 
(i) To provide a novel and improved press 

brake or the like; 
(2) To provide a novel and improved press 

brake or the like, wherein equalized movement 
of the movable blade is assured in the operation 
of the machine; 

(3) To provide -in connection with a preSS 
brake or the like, novel and improved means 
for leveling the blade of such machine; 

(4) To provide a novel and improved press 
brake or the like, wherein the stresses developed 
therein are such as to permit of a relatively light 
machine doing heavy duty. 

Additional objects of our invention will be 
brought out in the following description of a 
preferred embodiment of the same, taken in con 
junction with the accompanying drawing, where 
in 

Figure 1 is a rear elevational view of a press 
brake of our invention, 

Figure 2 is a side elevational view of the Ina 
chine of Figure 1, 
Figures 3, 4 and 5 are related portions of a 

circuit diagram of the interlinked control circuits, 
and their relationship to functional components 
of the machine. ap. 
In general, the invention relates to a press 

brake or the like wherein a pair of cooperating 
blades of substantial width are brought together 
to perform an operation, and the invention con 
templates not only the incorporation of a system 
therein which will assure equalized movement of 
the movable blade of the machine, but also a 
machine which will withstand excessive stresses 
with a minimum of built-in weight. 

Referring to the drawing for detail, the spe 
cific embodiment of our invention as illustrated 
therein in the form of a press brake, comprises 
a pair of side plates and 3 formed to provide 
work-clearance notches 5 in the front edge there 
of, the side plates being connected across their 
front edges below the Work-clearance notches, 
by a lower front stationary blade 7 which is pref 
erably formed with a depending apron 9 adapted 
for anchoring in the concrete foundation if usu 
ally provided for the installation of a machine 
of this type. 
An upper front movable blade f3 is slidably 

mounted in guides on the front edges of the 
side plates above the work-clearance notches. 
The opposing edges of the blades are designed 
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2 
to carry complementary components of a form 
ing die (not shown). 

Pivotally disposed at the rear of each side 
plate is an hydraulic cylinder 5 enclosing a pis 
ton having a piston rod 9 extending upwardly 
therefrom. At an intermediate point on each 
side plate between the upper front blade and the 
hydraulic cylinder, there is pivotally mounted a 
link 2 adapted to act as a movable fulcrum for 
a lever 23 having one end pivotally connected to 
the upper edge of the movable blade and its other 
end pivotally connected to the piston rod of the 
associated hydraulic cylinder. Preferably, the 
fulcrum on each side plate is disposed, closer to 
the movable blade than to the associated hydrau 
lic cylinder to obtain a mechanical advantage 
whereby the hydraulic cylinder may be of rela 
tively Small size, yet capable of transmitting 
pOWerful forces to the movable blade in its down 
ward movement toward the lower fixed blade, to 
accomplish a machine operation. 
During this Operating stroke of the machine, 

the stresses developed at the fulcrum mounting 
are upWard. Being applied as they are however, 
at a location in approximate line with the in 
terior edge of the Work clearance notch, a rela 
tive light weight side plate can adequately absorb 
such stresses without buckling or distortion. 
Importance must be attached to the pivotal 

mountings and connections previously indicated, 
for it is only by reason of these that the arrange 
ment and advantages described are possible. 
Each cylinder is part of an independent hy 

draulic system which, in addition to the hydraulic 
cylinder 5, includes a pump 25, a tank or reser 
voir 27, a pair of lines 29 and 3 leading each 
to One end of the cylinder, and a reversing valve 
33 installed in the lines and adapted to inter 
changeably connect the lines between the dis 
charge of the pump and the reservoir. 
. Such reversing valve may be of the type 
Schematically illustrated in conjunction with the 
circuits of Figure 3, and may comprise a valve 
body 35 having a pair of diametrically disposed 
openings 37 and 39 for connection to the pump 
discharge and reservoir respectively, and a sec 
ond pair of diametrically disposed openings 4f 
and 43 for connection to the upper and lower 
ends respectively of a cylinder. An inner ro 
tatable valve member 45 having oppositely dis 
posed concave recesses 47 and 49 and a diametri 
cal passage 5, is affixed axially to the midpoint 
of a lever 53 normally biased to a neutral posi 
tion. With the passage 5 connecting the pump 
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to the reservoir or tank. In such position, the 
lines to the cylinder are valved off. 
One end of the lever is connected to the 

plunger of a solenoid 55 capable when energized, 
of rotating the valve member in a clockwise di 
rection through sufficient angle to bring the lines 
29 and 3 into communication with the pump 
and reservoir respectively, while the other end 
of the lever is connected to the plunger of a 
solenoid 57 capable when energized, of producing 
counter-clockwise rotation sufficient to bring the 
lines 29 and 3 into communication with the 
reservoir and pump respectively, or in other 
words to effectively reverse the line connections. 
The hydraulic system associated with one end 

of the upper or movable blade is designed to be 
as closely identical to the hydraulic system asso 
ciated with the opposite end of the same blade, 
to realize like operating conditions and, as an aid 
toward this objective, the pumps are driven from : 
a single motor 59. 

It is of prime importance in a press of this 
type that both ends of the movable blade should 
arrive at their destination at the same instant, 
for should one end arrive an instant prior to 
the other end, an imperfect operation Will result. 

In spite of the fact that both hydraulic Systems 
are designed to be as closely identical as it is 
practical to realize, it has been universally found 
that in such a system one of the pistons will 
invariably tend to lead or lag the other and, 
consequently, we have found it necessary to Sup 
plement the supposedly identical hydraulic sys 
tems with an equalizer system which will func 
tion in response to such unbalance to hold the 
pistons in line and thereby equalize the rates of 
movement of one end of the upper blade with 
respect to the other end thereof. 
Such equalizer system which we have illus 

trated specifically, is electrical in character and 
functions to adjust the piston pressures in a 
manner to compensate for unbalance, by bleeding 
some of the hydraulic fluid from One or the other 
of the hydraulic systems. 
A bleeder passage 6 in each hydraulic system 

is provided between the discharge of the pump 
and the reservoir, and such passage includes a 
normally closed bleeder valve 63 under control 
of an electrically energizable solenoid 65 associ 
ated therewith. Such Solenoid is an element of 
an electrical circuit deriving energy from a com 
mon electrical power source 67 and controlled by 
the operation of a micro-switch 69 or 70 as the 
case may be, of any conventional design and 
forming part of a switch assembly 7. 
The particular type of micro-switch illustrated 

(Figure 5) includes a contact 73 and an arma 
ture 75 actuated through the application of a 
slight pressure to a push pin 77 constituting part 
of the Switch structure. 

Both micro-switches 69 and 0 are carried on 
a link 79 to form a unit, which is floated between 
a spring 8 anchored at one end under tension, 
to the rear of the lower fixed blade 7, and a 
Bowden wire 83 extending through a fixedly 
mounted guide tube 85 to a point adjacent the 
opposite end of the upper movable blade 3, at 
which point the Bowden wire is anchored. 

ASSociated with the micro-Switches and con 
stituting a component part of the Switch assem 
bly 7, is a Switch actuator means in the form 
of an actuating rod or finger 87 mounted on a 
similar but independent link 89 which is floated 
between a spring 9 anchored at one end under 
tension to the rear of the lower fixed blade, and 
a Bowden Wire 93 passing around a direction 
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4. 
reversing pulley 95 mounted on the rear of the 
lower fixed blade at the other end thereof, be 
fore passing through a fixedly mounted tube 9 
at the opposite end of the machine to an anchor 
ing point adjacent that end of the upper blade 
opposite that at which the first Bowden wire was 
affixed. 
The initial adjustment of the micro-switch 

assembly is such that the switch actuating rod 
or finger 87 lies in spaced relationship to the 
push pins 77 of the micro-switches, thereby 
causing each micro-switch to be normally in open 
circuit condition. 
As the upper blade 3 is lowered to perform a 

machine operation, both floating components of 
the micro-switch assembly will move in the di 
rection of pull exerted by their respective ten 
Sioning springs. The movement of one of these 
floating components will, of course, be under 
control of one end of the movable blade while 
the other floating component of the assembly 
will be under control of the opposite end of the 
movable blade. Consequently, as long as both 
ends of the movable blade travel at the same 
instantaneous velocity or rate and maintain sym 
metry of movement, the relationship of the ac 
tuating rod or finger with respect to the micro 
switches will be maintained, and the micro 
Switches will remain in open circuit condition. 
Under these conditions, the hydraulic systems 
are functioning properly and will not be dis 
turbed. 
On the other hand, any departure from the 

above relationship in the movement of the upper 
blade, will produce a relative movement between 
the floating components of the micro-switch as 
Sembly, with the result that one or the other of 
the armatures will be urged into circuit closing 
engagement with its associated contact. That 
hydraulic system which is responsible for the 
more rapid movement of the one end of the upper 
blade will have its bleeder valve opened and for 
such brief intervai of time only as is necessary 
to reestablish the equalized movement of both 
ends of the blade in question, and this will of 
course be followed by an instantaneous reestab 
lishment of the neutral position of the actuating 
rod and consequent deenergization of the parti 
nent electrical circuit. The corrective changes 
are for all practical purposes instantaneous, an 
accomplishment due in large measure to the sen 
Sitivity of the conventional type micro-switch 
used, and the rapid drop in hydraulic pressure 
permitted by the bleeding from the system of a 
very minute portion of the liquid. 
On the return stroke of the upper blade to its 

initial starting position, it is just as essential 
that equalized travel be maintained to assure 
proper starting conditions for the subsequent 
down stroke. Inasmuch as the corrective factors 
for the up stroke should be the reverse of those 
on the down stroke, a circuit reversing means 
99 is installed in the circuit between the micro 
Switch assembly and the bleeder valve sole 
noids, and is made responsive to controlled op 
eration of the machine. 
Such controlled operation entails a foot con 

trolled pedal of for initiating movement of the 
upper blade through application of power . to 
electrically controlled circuits, and a micro 
Switch gauge 03 for disconnecting such power 
at either end of a stroke, in addition to ener 
gizing a reversing circuit for both the hydraulic 
Systems and the bleeder valve solenoid circuits. 
The micro-switch gauge includes a bracket 05 
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mounted adjacent the front edge of one of the 
side plates for 3 and carrying an upper, micro 
switch OT of a normally open type and a lower 
micro-switch 09 of a normally closed type. 
Mounted on the upper blade and at approxi 
mately the level of the switch bracket, is a switch 
actuator including a calibrated strip having 
adjustably affixed thereto a pair of arms 3 
and 15, the upper one extending laterally to a 
point above the upper micro-switch 0 while 
the lower arm extends laterally to a point below 
the lower micro-switch 09. Each laterally ex 
tending arm carries an adjustment bolt it in 

0 

line with the push pin. ff 9 of the associated 
micro-switch, the arms and associated bolts 
being so disposed that the upper micro-switch 
will be actuated at the desired lower limit of 
the down stroke of the blade, while the lower 
switch will be actuated at the desired upper 
limit of the up stroke of the blade. 

5 

20 
The foot control pedal actuates the armature . 
2 of a two-way switch 23, and is normally 
biased by a spring 25 to an up position. The 
foot switch armature is normally connected to 
one side of the power source 67, and in the up 
position of the foot pedal, it effects a connec 
tion from that side of the power source through 
the winding of a relay 27 and the normally 
closed micro-switch 09 back to the other side 
of the power source, to thereby energize the 
aforementioned relay. This relay in its deener 
gized condition is of the normally open contact 
type and having but a single pair of circuit 
closing contacts 29, and when energized, serves 
to close a circuit from one side of the power 
source through corresponding solenoids 55 which 
determine the flow of fluid from the pumps 25 to 
the upper ends of the respective cylinders 5, 
and thereby bring about the upstroke of the 
upper blade. 
During the period of this upward stroke of the 

blade, during which interval of time the con 
tacts 29 of the relay 27 remain closed, a cir 
cuit is established from the power source through 
the winding of a reversing relay f35 by way of 
these contacts 29. This relay carries a pair of 
armatures 37 and 39, each adapted to effect 
connection between one or another of a pair of 
contacts, depending on the condition of the relay. 
The reversing relay is associated with the 

micro-switch assembly if of the compensating 
circuit, and serves to cause energization of one 
or the other of a pair of like relays 4 and 43, 
each of which has a single pair of contacts 
adapted to close the circuit through one of the 
bleeder valve solenoids 65. 
The circuits involve a common connection 45 

from one of the contacts of each of the micro 
switches 69 and 70 to one side of the power cir 
cuit, and a separate connection f 47 or 49 re 
spectively from the remaining contact of each 
micro-switch to one of the armatures 37 and 
39 respectively of the reversing relay 35. 
Corresponding contacts associated with each 

of the armatures are connected to different OneS 
of the similar relays f4 and 43, and accordingly 
these relays will be energized to the exclusion of 
one another, depending upon which of the micro 
switches in the switch assembly happens to be 
actuated. . 
Which of these relays 4 and 43 becomes en 

ergized, will in turn determine which of the 
bleeder valve solenoids 65 becomes energized. 
The reversing relay 35, therefore, will inter 
change these relays 4 and 43 for the up and 
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6 
down strokes of the blade, so that on the up 
strokes, one of the micro-switches of the switch 
assembly will upon closing, cause energization of 
one of the bleeder valve Solenoids, whereas on 
the downstroke of the blade, the same micro 
switch will cause the other bleeder valve solenoid 
to become energized. 
When the blade reaches the upper limit of its 

travel, opening of micro-switch 09 occurs, which 
breaks the circuit through the winding of relay 
27 to open its contacts and deemergize the up 
stroke solenoids 55. In this position, the ma 
chine comes to rest, for the down-stroke sole-, . 
noids 57 can only be energized when the foot 
edal O is depressed. 
Therefore, to initiate a downward stroke of 

the blade, the operator will put pressure on the 
foot pedal to the extent of making contact be 
tween the foot lever and the upper contact of 
the foot switch, whereby to energize the down 
stroke solenoids 57 through normally closed con 
tacts 5 of a relay 53 of a type similar to that 
of the reversing relay f35 previously described. 
The winding of this relay is connected to the 

source of power through each of the micro 
switches O7 and 09, associated with the gauge 
fo3, but inasmuch as the upper micro-switch 0 
is of the normally open type, the relay will not 
be energized until this particular micro-switch 
is closed, which occurs at the lower extremity of 
the downstroke of the blade. 
When this point is reached, however, the cir 

cuit through the winding of relay f$3 is com 
pleted and the solenoid becomes energized and 
opens the circuits to the downstroke solenoids 
57, and in so doing connects the upstroke sole 
noids in circuit across the power source, and 
starts the blade in reverse, which immediately 
re-opens micro-switch 07 and would normally 
break the circuits to the upstroke solenoids. 
This is precluded, however, by the establish 

ment of a holding circuit through the second 
armature 55 on the rclay and such holding cir 
cuit will include the lower normally closed micro 
switch 09, and shunt out the now Open micro 
switch 07. Such holding circuit will continue 
to energize the relay 53 until the normally 
closed micro-switch 09 is actuated to open con 
dition at the extremity of the upward stroke of 
the blade, at which time the machine comes to 
a halt. 

At such time as the machine comes to a halt, 
neither the downstroke nor upstroke solenoids 
are energized and consequently the Spring bias 
on the valves 33 are permitted to restore the 
valves to their neutral positions wherein the 
pumps are disconnected from the cylinders 5 
and pump directly into the reservoir or tank or 
in other words, idle. 
Thus it has been shown how the blade leveling 

system of the invention can function to main 
tain symmetry of movement of the blade from 
one end to the other, both on the upstroke as 
well as the downstroke, and how the necessary 
reversal of the leveling circuits is accomplished 
at the proper times through cooperation with 
the circuits for, controlling machine operation. 
Therefore, while we have disclosed our inven 

tion in its preferred form and in considerable de 
tail, the same is subject to modification and alter 
ation without departing from the underlying prin 
ciples and we, accordingly, do not desire to be 
limited in Our protection to the specific, details 
illustrated and described except as may be neces 
Sitated by the appended claims. 
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We claim: 
1. In a machine wherein a pair of cooperating 

members of substantial width are brought to 
gether to perform an operation of Said machine, 
means for controlling the forward and reverse 
stroke of one of said members, said means includ 
ing a separate hydraulic drive system for each end 
of said member and involving a cylinder and in 
cluded piston in drive connection to Said member, 
a reversing valve in each of Said hydraulic Sys 
tems for determining the forward or reverse di 
rection of movement of Said member, and a con 
trol system for determining the operating condi 
tions of said valves; means for equalizing the 
movement of said member during both its for 
ward and reverse strokes, said means being re 
sponsive to a departure from equalized movement 
of said member for bleeding one or the other of 
Said hydraulic Systems until equalized movement 
of said member is reestablished, and involving a 
normally closed Solenoid-operated valve in shunt 
with each of Said cylinders, an electrical energiz 
ing circuit for each of Said valves including a 
Switch, and means for selectively actuating one of 
Said Switches in accordance With the end of said 
element which advances ahead of the other; and 
neans for reversing the aSSociation of said valves 
relative to Said Switches on reverse strokes of Said 
member. 

2. In a machine wherein a pair of cooperating 
members of substantial width are brought toward 
each other to perform an operation of said ma 
chine, one of said members having a piston at 
each end to drive the Sane, a hydraulic System 
for each of said pistons, each said hydraulic 
system comprising a pump, a cylinder enclosing 
one of said pistons, a fluid circuit between said 
pump and cylinder, a pump driving motor in drive 
connection to the pump of each hydraulic Systern; 
and means responsive to the relative advance of 
any one of said pistons during movement of Said 
member, for effectively disconnecting oparating 
pressure from the associated cylinder, said means 
including a low resistance passageway by-passing 
said cylinder, and a normally closed valve block 
ing said passageway and adapted for instantane 
ous opening upon occurrence of the relative ad 
vance of Such piston. 

3. In a machine wherein a pair of cooperating 
members of substantial width are brought toward 
each other to perform an operation of Said ma 
chine, a piston at each end of one of Said members 
and operatively connected thereto to drive Said 
member; a hydraulic system for each of said pis 
tons, each said hydraulic system comprising a 
pump, a cylinder enclosing one of Said pistons, a 
fluid circuit connecting the output of Said pump 
to one end of said cylinder and the other end of 
said cylinder to the input of Sald pump, and means 
responsive to a slight relative advance of any one 
of said pistoins during movement of Said member 
for substantially instantaneously removing the 
hydraulic pressure from said piston, said means 
including a low resistance passageway Connecting 
the output of said pump to the input thereof, a 
normally closed Solenoid-controlled valve in said 
passageway adapted, when ensergized, to unblock 
said passageway and permit the same to carry the 
discharge from Said puimp, a plurality of micro 
switches corresponding in number to the number 
of such pistons, each of Said micro-SWitches being 
connected in circuit with one of said solenoid 
controlled valves. 

4. In a machine wherein a pair of cooperat 
ing members of Substantial width are brought 
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toward each other to perform an operation of 
said machine, a piston at each end of one of said 
members and operatively connected thereto to 
drive said member; a hydraulic System for each 
of Said pistons, each said hydraulic system com 
prising a pump, a cylinder enclosing one of Said 
pistons, a fluid circuit connecting the output of 
Said pump to one end of said cylinder and the 
other end of said cylinder to the input of said 
pump; and means responsive to a slight relative 
advance of any one of Said pistons during move 
ment of said member for substantially instan 
taneously removing the hydraulic pressure from 
said piston, Said means including a low resistance 
paSSageway connecting the output of said pump 
to the input thereof, a normally closed solenoid 
controlled valve in said passageway adapted, when 
energized, to unblock said passageway and permit 
the same to carry the discharge from said pump, 
a plurality of normally open micro-switches cor 
responding in number to the number of such 
pistons, each of Said micro-switches being con 
nected in circuit with one of said solenoid-con 
trolled valves, and means for selectively closing 
that micro-switch whose associated Solenoid 
controlled valve is in the hydraulic system of the 
advanced piston. 

5. In a machine wherein a pair of cooperat 
ing members of substantial width are brought 
toward each other to perform an Operation of 
said machine; means for establishing a forward 
and return Stroke of one of Said members, Said 
means including a separate hydraulic drive sys 
tein for each end of Said member and involv 
ing pump means, a cylinder having a piston there 
in operatively connected to said member, a res 
ervoir, and a hydraulic line from Said pump 
means to said cylinder and a hydraulic line 
from said cylinder to said reservoir and from 
said reservoir to Said pump means; and means 
for equalizing the movement of both ends of 
said member during its forward movement to 
ward said other member, Said means including 
a normally closed valve in each of said hydrau 
lic systems in by-pass relationship to the cylin 
der therein, and means responsive to a relative 
advance between one end of Said member and 
the opposite end thereof for opening the waive 
associated with the advanced end of said member. 

6. In a machine wherein a pair of cooperating 
members of Substantial width are brought toward 
each other to perform an Operation of Said ma-. 
chine; means for establishing a forward and 
return stroke of one of Said members, Said means 
including a separate hydraulic drive system for 
each end of said member and involving pump 
means, a cylinder having a piston therein con 
nected to said member, a reservoir, a hydraulic 
line from Said pump means to said cylinder and 
a hydraulic return line from said cylinder to 
said reservoir, control means involving circuit 
make-and-break means responsive to forward 
novement of Said member at its desired forward 
limit of travel for reversing said hydraulic line 
connections to said cylinder; means for equaliz 
ing the movement of both ends of Said member 
during its forward movement toward said other 
member; and means upon the completion of such 
forward movement as determined by said control 
means, for reversing said movement equalizing 
means to render said movement equalizing means 
also effective on the return movement of Said 
member. 

7. In a machine wherein a pair of cooperating 
members of Substantial width are brought to 



2,558,071. 
9 

ward each other to perform an operation of Said 
machine; means for establishing a forward and 
return stroke of one of said members, said means 
including a separate hydraulic drive system for 
each end of said member and involving pump 
means, a cylinder having a piston therein opera 
tively connected to said member, a reservoir, and 
a hydraulic line from said pump means to said 
cylinder and a hydraulic line from Said cylinder 
to said reservoir and from said reservoir to Said 
pump means; means for equalizing the movement 
of both ends of said member during its forward 
movement toward said other member, Said means. 
including a normally closed valve in each of said 
hydraulic systems in by-pass relationship to the 
cylinder therein, means responsive to a relative 
advance of one end of said member relative to 
the other for opening the valve associated with 
that end of said member; and means for reverS 
ing the association of Said valves and Said ad 
vance responsive means during the return move 
ment of said member to render said movement 
equalizing means also effective on such return 
movement. 

8. In a machine wherein a pair of cooperat 
ing members of substantial width are brought to 
ward each other to perform an operation of said 
machine, and a piston is located at each end of 
one of said members; a hydraulic System for each 
of said pistons, each said hydraulic System com 
prising a pump, a cylinder enclosing one of said 
pistons, a fluid line connecting the output of said 
pump to one end of said cylinder and the other 
end of said cylinder to the input of said pump, 
and valve means for reversing the fluid line con 
nections between said pump and cylinder to de 
termine the forward and return movements of 
Said member, Said valve means including means 
for determining a static condition of said mem 
ber; and means for controlling the operating 
positions of said reversing valve means to deter 
mine the start and finish points in the stroke 
of such member with respeet to the other mem 
ber of said pair, said means involving a bracket 
mounted on a stationary portion of said machine, 
a pair of switches mounted in vertically spaced 
relationship on said bracket, an electrical con 
trol circuit interconnecting said reversing valve 
means and said switches, and switch actuation 
means mounted on Said controlled member for 
movement therewith in a path occupied by Said. 
Switches, said switch actuator means including 
an actuator element above the upper of said 
Switches and an actuator element below the lower 
of Said Switches. 

9. In a machine wherein a pair of cooperating 
members of Substantial width are brought toward 
each other to perform an operation of said ma 
chine, and a piston is located at each end of one 
of Said members to drive the same; a hydraulic 
System for each of said pistons, each said hy 
draulic system comprising a pump, a cylinder 
enclosing one of said pistons, a fluid line con 
necting the output of Said pump to one end of 
said cylinder and the other end of said cylinder 
to the input of Said pump, and valve means for 
reversing the fluid line connections between said 
pump and cylinder to determine the forward and 
return movements of said member, said valve 
means including means for determining a static 
condition of said member; and means for con 
trolling the operating positions of said reversing 
valve means to determine the start and finish 
points in the stroke of such member with re 
spect to the other member of said pair, said 
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10. 
means involving a bracket mounted on a stad 
tionary poftion of said machine, a pair of micro 
switches mounted in vertically spaced relations 
ship on said bracket, an electrical control cir 
cuit interconnecting said reversing valve means 
and said Switches, and Switch actuation means 
mounted on Said controlled member for move 
ment therewithin a path occupied by said micro 
switches, said switch actuator means including 
an actuator element above the upper of said 
micro-switches and an actuator element below 
the lower of Said micro-Switches and means for 
adjusting the spacing between each of said ac 
tuator elements and its associated Switch. 

10. In a machine wherein a pair of cooperat 
ing members of substantial width are brought 
toward each other to perform an operation of said 
machine, and a piston is located at each end of 
one of Said members to drive the same; a hy 
draulic system for each of said pistons, each 
Said hydraulic System comprising a pump, a 
cylinder enclosing one of said pistons, a fluid line 
connecting the output of said pump to one end 
of said cylinder and the other end of said cylin 
der to the input of Said pump, and valve means 
for reversing the fluid line connections between 
said pump and cylinder to determine the forward 
and return movements of said member, said valve 
means including means for determining a static 
condition of Said member; means for controlling 
the operating positions of said reversing Valve 
means to determine the start and finish points 
in the stroke of such member with respect to the 
other member of Said pair, Said means involving 
a bracket mounted on a stationary portion of 
Said machine, a pair of micro-Switches mounted 
in vertically spaced relationship on said bracket, 
an electrical control circuit interconnecting said 
reversing valve means and said switches, and 
switch actuation means mounted on said con 
trolled member for movement therewith in a 
path occupied by said micro-switches, said Switch 
actuator means including an actuator element 
above the upper of said micro-Switches and an 
actuator element below the lower of said micro 
switches and means for adjusting the Spacing 
between each of said actuator elements and its 
associated switch; and means for equalizing the 
movement of both ends of Said controlled men 
ber during its movement toward said other mem 
ber, said means including a normally closed sole 
noid controlled valve in each of said hydraulic 
systems in by-pass relationship to the cylinder 
in Such system, and means responsive to a rela 
tive advance between one end of said controlled 
member and the opposite end thereof for opening 
the valve associated with said advanced end. 

11. In a machine wherein a pair of cooperat 
ing members of substantial width are brought 
toward each other to perform an operation of 
said machine, and a piston is located at each 
end of one of said members to drive the same; a 
hydraulic system for each of Said pistons, each 
said hydraulic system comprising a pump, a cylin 
der enclosing one of said pistons, a fluid line 
connecting the output of said pump to one end of 
said cylinder and the other end of said cylinder 
to the input of said pump, and Valve means for 
reversing the fluid line connections between said 
pump and cylinder to determine the forward and 
return movements of said member, Said valve 
means including means normally biasing the 
same to an intermediate neutral position; means 
for controlling the operating positions of Said 

is reversing valve means to determine the start and 
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finish points in the stroke of such member with 
respect to the other m^mber of said pair, said 
means involving a bracket mounted on a sta 
tionary portion of said machine, a pair of micro 
switches mounted in vertically spaced relation 
ship on said bracket, an electrical control cir 
cuit interconnecting said reversing valve means 
and said switches, and switch actuation means 
mounted on said controlled member for move 
ment therewith in a path occupied by Said micro 
switches, said switch actuator means including 
an actuator element above the upper of said 
micro-switches and an actuator element below the 
lower of said micro-switches and means for ad 
justing the spacing between each of Said actuator 
elements and its associated switch; means for 
equalizing the movement of both ends of Said 
controlled member during its movement toward 
said other member, said means including a nor 
mally closed solenoid controlled valve in each of 
said hydraulic systems in by-pass relationship 
to the cylinder in such system, means respon 
sive to a relative advance between one end of Said 
controlled member and the opposite end thereof 
for opening the valve associated with said ad 
vanced end; and means for reversing the asso 
ciation of said solenoid controlled valves and Said 
advance responsive means during the return 
movement of said controlled member to render 
said movement equalizing means also effective on 
such return movement. 

12. In a machine wherein a pair of cooperating 
members of substantial width are brought to 
gether to perform an operation of Said machine, 
a system for assuring equalized approach of both 
ends of one of said members toward the other 
member, said system including a switch assembly 
comprising a pair of micro-switches mounted for 
movement as a unit and means associated there 
with and responsive to movement relative to 
said micro-switches for establishing an electrical 
circuit through one of said switches in accord 
ance with such relative direction of movement, 
means for moving said circuit-establishing 
means in accordance with movement of One end 
of said afore-mentioned member, means for 
simultaneously moving said micro-Switches as 
a unit in the same direction as said circuit 
establishing means in accordance with corre 
sponding movement of the other end of Said 
aforementioned member, said circuit-establish 
ing means and micro-switches being initially ad 
justed to normally maintain open circuit condi 
tions only so long as both ends of Said aforemen 
tioned member move at the same instantaneous 
rates, and means responsive to establishing of 
a circuit through one of Said Switches, occasioned 
by a relative change in instantaneous rates be 
tween the ends of Said member, for adjusting the 
instantaneous rate of travel of One of the ends 
of Said aforementioned member in a direction 
to reestablish the open circuit condition of Such 
micro-switch. \ , , 

13. In a machine having a movable member 
of substantial length, means for assuring equal 
ized movement of said member at both ends, said 
means comprising a switch assembly including 
two relatively movable components, one of said 
components embodying a pair of spaced circuit 
closing elements, said other component consti- . 
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tuting a circuit actuator, means supporting said 
first component for movement in accordance 
with movement of one end of said member, means 
supporting said circuit actuator for independent 

2 
elements in accordance with movement of the 
other end of Said member, said circuit actuator 
being normally in spaced relationship to each of 
Said circuit-closing elements during equalized 
travel of said member but adapted to actuate 
one or the other of said circuit-closing elements 
in response to unequalized movement of said 
member, and means responsive to the closing of 
one or the other of said circuit-closing devices 
for reestablishing equalized movement of said 
member. 

14. In a machine wherein a pair of cooperating 
members of Substantial width are brought toward 
each other to perform an operation of said ma 
chine, a hydraulic System for driving at each 
end of One of said members, each such hydraulic 
System comprising a pump, a cylinder having a 
piston in drive connection to an end of said mem 
ber, a fluid line connection from the output of 
Said pump to one end of said cylinder and the 
other end of said cylinder to the input of said 
pump, means for interchanging fluid line connec 
tions between said pump and said cylinder to 
determine the forward and return movement of 
such member, means adapted to interconnect the 
output of said pump to its input for rendering in 
effective Such aforesaid fluid line connections be 
tween pump and cylinder and together with the 
other corresponding hydraulic circuit means, 
establishing a static condition of said member, 
means for equalizing the movement of the ends 
of said member during its forward movement, 
means actuable by an operator during a static 
condition of Said member for establishing flow 
of fluid to an end of each cylinder to initiate a 
forward movement of said member, means re 
Sponsive to movement of such member at its 
desired forward limit of travel for reversing the 
prevailing fluid line connections between pump 
and cylinder in each of said hydraulic circuits 
to automatically halt said forward movement 
and initiate a return movement of said member, 
and means responsive to the return movement of . 
Said member at its desired limit of travel in such 
return direction, for controlling said intercon 
necting means to create a fluid connection be 
tween the output and input of the pump in each 
hydraulic System to establish a static condition 
of Said member in the absence of actuation of 
Said operator actuable means, 

15. In a machine wherein a pair of cooperating 
members of substantial width are brought toward 
each other to perform an operation of said ma 
chine, a hydraulic System for driving at each end 
of One of said members, each such hydraulic sys 
ten comprising a pump, a cylinder having a pis 
ton in drive connection to an end of said mem 
ber, a fluid line connection from the output of 
said pump to one end of said cylinder and the 
other end of said cylinder to the input of said 
pump, means for interchanging fluid line con 
nections between said pump and said cylinder to 
determine the forward and return movement of 
Such member, means adapted to interconnect the 
output of said pump to its input for rendering in 
effective such aforesaid fluid line connections be 
tween pump and cylinder and together with the 
other corresponding hydraulic circuit means, es 
tablishing a static condition of said member, 
means for equalizing the movement of both ends 
of said member during its forward movement, 
means actuable by an operator during a static 
condition of said member for establishing flow of 
fluid to an end of each cylinder to initiate a for 
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sive to movement of such member at its desired 
forward limit of travel for reversing the prevail 
ing fluid line connections between pump and 
cylinder in each of said hydraulic circuits to au 
tomatically halt said forward movement and ini 
tiate a return movement of Said member, means 
responsive to the return movement of said mem 
ber at its desired limit of travel in such return 
direction, for controlling said interconnecting 
means to create a fluid connection between the 
output and input of the pump in each hydraulic 
System to establish a static condition of Said 
member in the absence of actuation of Said oper 
ator actuable means, and means for adjusting the 
point of response of said forward movement re 
Sponsive means to shift the forward limit of 
travel of said member. 

16. In a machine wherein a pair of cooperat 
ing members of substantial width are brought 
toward each other to perform an operation of 
said machine, a hydraulic System for driving at 
each end of one of Said members, each such hy 
draulic system comprising a pump, a cylinder 
having a piston in drive connection to an end of 
said member, a fluid line connection from the 
output of said pump to one end of Said cylinder 
and the other end of said cylinder to the input 
of said pump, means for interchanging fluid line 
connections between said pump and said cylinder 
to determine the forward and return movement 
of such member, means adapted to interconnect 
the output of said pump to its input for rendering 
ineffective such aforesaid fluid line connections 
between pump and cylinder and together with 
the other corresponding hydraulic circuit means, 
establishing a static condition of Said member, 
means for equalizing the movement of the ends 
of said member during its forward movement, 
means actuable by an operator during a static 
condition of said member for establishing flow 
of fiuid to an end of each cylinder to initiate a 
forward movement of Said member, means re 
sponsive to movement of such member at its de 
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sired forward limit of travel for reversing the 
prevailing fluid line connections between pump 
and cylinder in each of Said hydraulic circuits to 
automatically halt said forward movement and 
initiate a return movement of said member, 
means responsive to the return movement of said 
member at its desired limit of travel in such re 
turn direction, for controlling said interconnect 
ing means to create a fluid connection between 
the output and input of the pump in each hy 
draulic System to establish a static condition of 
Said member in the absence of actuation of said 
operator actuable means, means for adjusting 
the point of response of said forward movement 
responsive means to shift the forward limit of 
travel of said member, and means for adjusting 
the point of response of Said return movement 
responsive means to determine the starting posi 
tion of said member with respect to the work to 
be operated on. 

JAMES B. CASTLE, Jr. 
ARTHUR. A. SINCLAIR. 
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