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1A Claims. (C. 60-9) 

This invention relates to a control system for con 
trolling a prime mover such as an engine, and more par 
ticularly it relates to such a system which is responsive 
to the load applied to said prime mover. 

In many industrial applications, hydraulic circuits in 
cluding a supply pump driven by a prime mover, such 
as an engine, are employed to properly actuate a device, 
apparatus or tool. It is desirable to permit the hydraulic 
circuit to be maintained in idling or no-load condition 
when the device actuated by said circuit is not in use, 
and yet said circuit must be capable of automatically 
adjusting itself to full load or maximum output upon 
the application of a useful workload to the circuit. Such 
a circuit is particularly desirable where the hydraulic 
output or load imposing device is located some distance 
remote from the hydraulic pressure supply pump and 
the prime mover which drives the pump. An example 
of such an application may be found in the drilling in 
dustry wherein hydraulically operated pipe tongs are lo 
cated on the drilling rig floor where they are to be used 
while the prime mover, such as a gasoline engine, and 
the pressure supply pump are located in the power gen 
eration area. As is well known, applying a load to a 
hydraulic circuit when said circuit is under idling con 
ditions will result in overloading with the consequent in 
operativeness of the circuit due to stalling of the prime 
mover unless some means is provided whereby the out 
put of the prime mover and pressure supply pump for 
the circuit may be increased either before the load is ap 
plied to the circuit or contemporaneously therewith. 

In the past, the art has attempted by various means to 
provide for automatically increasing the output of the 
prime mover when a load is applied to the hydraulic 
circuit of which the pump is a part. Probably the most 
common of the prior art systems is that in which the in 
crease in the pressure supply or pump output line occur 
ring when the load is applied to the circuit is sensed or 
taken at one point in the pump output line and utilized to 
acutate a controller which, in turn, causes an increase in 
the output of the pressure supply pump, as by opening the 
throttle of a gasoline engine which drives the pump. 
Such a control system has a serious disadvantage in that 
the engine frequently stalls and becomes inoperative due 
to the greatly increased load applied thereto before the 
speed and consequent output of said engine can be sufi 
ciently increased. It is believed that this fatal delay is 
primarily due to the lack of sensitivity in sensing the in 
crease in pressure at a single point in the pressure supply 
line early enough to provide the necessary time for open 
ing the throttle and increasing the operating speed of the 
engine. Also, the single point sensing system is unable to 
differentiate between the change in pressure due to the 
application of a load to the circuit and a change in pres 
sure due to some other circumstance, such as a change in 
fluid velocity or viscosity. 

It is therefore a primary object of this invention to 
provide a control system for a hydraulic circuit which 
allows the circuit to operate in a no-load or idling condi 
tion and yet is capable of automatically adjusting and 
adapting said circuit for operation under a loaded condi 
tion without failure of the circuit as would be occasioned 
by stalling of the prime mover upon application of the 
load. 
An important object of this invention is to provide a 

control system of the character described wherein the in 
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2 
crease in pressure in the pump output line resulting from 
the application of the load to the hydraulic circuit is 
sensed or taken at two spaced apart points in said output 
line, and such sensing is utilized as the controlling factor, 
whereby a high degree of sensitivity to changes in pressure 
in the circuit is obtainable to actuate a proper controller. 
A further object of this invention is to provide a novel 

control system having means which is responsive to a com 
paratively slight change in the pressure in the pump 
output line for increasing the output of the hydraulic pres 
sure supply pump. 
A still further object is to provide a system wherein the 

control means includes a readily adjustable, movable actu 
ator member which is fulcrum mounted and which is re 
sponsive to pressures from two spaced apart points on 
the pump output line so that the moments due to the two 
pressures acting in opposition to one another about the 
fulcrum of said actuator member are varied in accordance 
with changes in said pressures to effect movement of said 
actuator member. 
Another object is to provide a control system for a hy 

draulic circuit which is particularly adapted for use with a 
hydraulically operated tool or device, such as pipe tongs, 
and which operates in such a manner that when hydraulic 
power is required for operation of the tool or device, such 
power is readily available. 
The construction designed to carry out the invention will 

be hereinafter described, together with other features 
thereof. 

This invention will be readily understood from a read 
ing of the following detailed description and reference to 
the drawings wherein like numerals refer to like parts and 
wherein: 
FIGURE 1 is a schematic illustration of a control sys 

term constructed in accordance with the invention and 
illustrating the same applied to the hydraulic actuating cir 
cuit of a power-operated tool or apparatus; 
FIGURE 2 is a schematic illustration showing the in 

vention applied to a modified hydraulic circuit; 
FIGURE 3 is a schematic illustration of another modi 

fication of a hydraulic circuit to which the control system 
of this invention is applied; 
FIGURE 4 is a sectional view of the actuator device 

forming part of the control system; 
FIGURE 5 is an isometric view of the inner block 

forming part of the actuator device; 
FIGURE 6 is a sectional view taken along line 6-6 of 

FIGURE 4; and 
FIGURE 7 is a sectional view taken along 7-7 of FIG 

URE 4. 
In the drawings (FIGURE 1) the usual simple type 

of hydraulic circuit, which is employed for controlling 
the operation of a power operated tool, is illustrated, and 
such circuit includes a prime mover it which drives 
a hydraulic pressure supply pump it by means of the 
connecting shaft 52. The prime mover may convenient 
ly be either an internal combustion engine or an elec 
tric motor but as described herein will be referred to 
as an internal combustion engine having the throttle con 
trol 10a. The output side of the pump it has connec 
tion through a conductor 4 with the hydraulic motor 
i5, and when said motor is operated it actuates a power 
operated tool 17, which tool is schematically illustrated 
as the usual pipe tongs used in well drilling. A line 8 
extends from the hydraulic motor back to the inlet side 
of the hydraulic pump A1, and when the tool 17 is being 
actuated the circulation of hydraulic fluid is from the 
pump, through conductor 14, through motor 15 and 
then back to the pump through the return line 18. A 
three-way valve 19 is mounted in the conductor 14 at 
the inlet side of the hydraulic motor and has connec 
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tion with a by-pass line 20 which provides for a by 
pass of hydraulic fluid around the motor 15. 
When the tool 17 is inactive and there is no require 

ment for operation of the hydraulic motor 15, the three 
way valve 9 is positioned so as to by-pass fluid around 
said motor, and said hydraulic fluid merely circulates 
through the hydraulic circuit. At this time, the throttle 
control 10a of the engine is adjusted to an idling speed 
so that the pump 1 is operated at what might be 
termed an idling or no-load condition since the hydraulic 
circuit is under no substantial load. When it is desired 
to actuate the tool or pipe tongs 7, the three-way valve 
9 is actuated to direct hydraulic fluid to the motor $5. 

This immediately places a load upon the hydraulic circuit, 
and it is necessary that the throttle control 10a be actuated 
to increase the engine speed sufficiently to operate the 
pump to take care of the load condition. It might be 
noted that in actual practice the throttle control ia is 
moved from idling or no-load condition to wide open or 
full-load condition. If this adjustment is not made at 
the time that the tool is to be operated, stalling of the 
engine 0 will occur and the entire hydraulic system will 
become inoperative. 
The foregoing describes one type of hydraulic circuit 

which is normally employed in operating a power operated 
tool. Of course, it is evident that the engine 10 may be 
an electric motor, in which event the control 10a would 
properly control the speed of such electric motor. The 
particular details of the hydraulic circuit form no part 
of the present invention, and therefore the particular cir 
cuit is subject to variation. 
For controlling the adjustment of the throttle control 

10a to increase the engine speed under load conditions, 
which is at the time that the three-way valve is actuated 
to direct hydraulic fluid to the motor 15, a control system 
which is included within the dotted lines A in FIGURE 
is provided. This control system comprises an actuator 
device 22, which will be hereinafter described in detail 
and which controls through a suitable line or connection 
22 the position of the throttle control 10a. The actuator 
device, as will be explained, is operated by the conditions 
in the pump outlet conductor 14 and is connected to 
said conductor through two spaced apart lines 4a and 
4b which connect with the conductor 4 at the points 
designated Band C. - 
The pressure at point B in the pump outlet conductor 

14 is upstream of the point C and is therefore always 
greater than the pressure at point C by the amount of pres 
sure drop naturally occurring between points B and C in 
the conductor 14. Preferably the points B and C are 
sufficiently spaced apart so that the pressure drop or dif 
ferential therebetween is at least 5% of the total cir 
culating pressure of the hydraulic circuit. It is evident 
that the pressures at points B and C vary directly with 
the pressure in the pump outlet conductor i4 as well as 
proportionately with one another according to the afore 
said pressure drop between the two points. By so arrang 
ing the sensing points, two pressures which are always un 
equal are supplied to the actuator device 21 through the 
communicating lines 14a and 4b. 
When the hydraulic circuit is operating under no-load 

or idling conditions, the actuator device 21 is Set so 
that the throttle control 10a is adjusted to permit the 
engine or prime mover 10 to run at idling speed. When 
the valve 9 is opened to direct hydraulic fluid to the 
motor 15 and thereby impose a load upon the circuit, 
there is an immediate back pressure or Surge created in 
the pump outlet conductor 14 which results in a Sub 
stantially instantaneous increase in pressure at points B 
and C. As will be explained, this sudden increase in pres 
sure at points B and C operates the actuator 21 which, in 
turn, moves the throttle control 10a to increase the output 
of the prime mover or engine 10. Because the actuator 

: 21 is operated substantially instantaneously with the ap 
plication of the increased load to the hydraulic circuit, 
the output of the engine 10 is increased to increase the out 

O 

4. 
put of pump 11 before stalling of the engine 10 occurs. 
As previously noted, unless there is a substantially in 
stantaneous response to the increased load to increase the 
speed of the prime mover, the entire hydraulic circuit may 
become inoperative because of stalling of the engine. 
The present arrangement overcomes this major disadvan 
tage in prior control systems. 
The preferred embodiment of the actuator device 2 is 

shown in FIGURES 4, 5, 6 and 7 and includes an outer 
housing D having a chamber 23 therein and closed on one 
side by a cover plate 24 (FIGURE 6). Mounted for 
limited movement in one direction within the chamber 23 
is an inner block E which is shown isometrically in FEG 
URE 5. An elongate slot 25 is provided in one end of 
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the inner block E and extends longitudinally thereof. 
Flange portions 26 project outwardly from the side walls 
27 and 28 which are on opposite sides of the slot 25, and 
these flange portions 26 are centrally located with re 
spect to such side walls. The side wall 27 is uninterrupted 
while a portion of the opposite side wall 28 is cut away so 
that the recess 29 is formed therein, such recess 29 com 
municating with the elongate slot 25. 
When the inner block E is properly positioned within 

the chamber 23 of the outer housing D, such inner block 
E is confined against movement in one direction by the 
side wall of the outer housing D and the cover 24, while 
movement from left to right, as viewed in FIGURE 4, 
is prevented by the flat spring 39 engaging the flange 
portions 26 on the inner block E, thereby forcing the 
edge 31 of the inner block E against the opposite wall 
of the chamber 23. In order that the inner block E may 
be adjusted or moved upwardly or downwardly, as viewed 
in FIGURE 4, it is resiliently confined between a spring 
32, which engages a recess 33 within one side of said 
block, and an adjusting screw 34 threaded through the 
outer housing D and engaging the opposite side of the 
block. The spring 32 also engages a screw 35 which 
is threaded through the wall of the outer housing D so 
that the spring 32 may be conveniently removed or re 
placed. It is believed obvious that the inner block E 
may be moved or adjusted upwardly or downwardly as 
viewed in FIGURE 4 by simply rotating the adjusting 
screw 34. 
An actuator member 36 is disposed within the elongate 

slot 25 of the inner block E between the flange portions 
26, and such actuator member 36 is pivotally mounted 
upon a fulcrum shaft 37, which shaft is supported by 
said flange portions 26. A suitable bearing, such as 
ball bearing 38, is interposed between the shaft 37 and 
the actuator member 36 to minimize the frictional resist 
ance to movement of the member. 
The actuator member or bar 36 engages a control switc 

39 mounted within the recessed portion 29 in the inner 
biock E, whereby when the actuator bar moves it actuates 
or energizes the switch 39 and the connection 22 which, 
as noted above, extends to the throttle control 10a. In 
order that the location of the switch 39 may be adjusted 
laterally with relation to the actuator bar 36, said Switch 
is mounted on an adjustable plate 40 within the recess 
29. Slots 4 formed in the plate 40 receive Screws 
42 which are threaded into the bottom of the inner block 
E and which have their heads overlying the plate; thus, 
the base plate 40 and attached switch 39 may be fric 
tionally held in various adjusted positions. 
For controlling the movement of the actuator bar 36, 

a pair of cylinders 43 and 44 are provided. Such cylinders 
are preferably circular in cross-section and are adapted 
to fit in the bores 45 and 46 in the outer housing D. The 
cylinders are held in place by split or snap rings 47, and 
the o-rings 48 provide a seal between the outer housing 
D and the outer periphery of the cylinders 43 and 44. 
The hydraulic pressure lines i4a and 4b. which convey 
the pressure sensed at points B and C, respectively, to 
the actuator device 21 are suitably connected to cylinders 
43 and 44, respectively, as by threads 49. 
A piston means is provided in each of the cylinders 43 
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and 44 and, in the preferred form, the piston means com 
prises a plurality of balls 50 in lieu of the ordinary 
cylindrical piston. These balls are preferable because 
they present less frictional resistance to movement than 
does the usual cylindrical piston, they eliminate the neces 
sity for connecting rods, and they allow for a more com 
pact and practical design. Also, it has been found that 
providing a clearance of .0001 to .0004 inch between the 
balls 50 and the wall of the bore 51 in each cylinder is 
very advantageous in that contaminants such as grit or 
other solid particles are allowed to by-pass the balls. 
Without such a by-pass feature, the contaminants would 
reduce the sensitivity of the device by restricting the ease 
of movement of the balls and would eventually cause 
the freezing or locking thereof. The inner ends of the 
cylinders 43 and 44 are sufficiently spaced from the 
actuator member 36 so that the innermost ball 50a in 
each of the cylinders may be in contact with said member 
and yet be supported by or contained at least partially 
within said cylinders. The adjusting screw 34 acting 
against the spring 32 provides the means whereby the 
actuator member 36 is adjustable, so that the point of 
contact between the innermost balls 50a in each cylinder 
and said member may be varied with respect to the 
fulcrum shaft 37. 
The flat spring 30 functions to hold the fulcrum point 

or shaft 37 of the actuator member 36 a predetermined 
distance from the ends of the cylinders 43 and 44 along 
a line parallel to the axis of such cylinders (left to right 
as viewed in FIGURE 4), even though the device may 
or may not be subjected to hydraulic pressure. A flat 
or leaf-type spring is preferred because it will allow move 
ment or shifting of the inner block E and actuator mem 
ber 36 along a line perpendicular to the axis of the cylin 
ders 43 and 44 (upwardly or downwardly in FIGURE 4) 
while always performing the aforementioned function. 
It is obvious that the spring 39 could be located at other 
positions, as between the edge 31 of the inner block E 
and the wall of the chamber 23 opposite the cylinders 43 
and 44, and still maintain the parts in the desired 
relationship. - 

As noted above, the switch 39 provides the means for 
activating or energizing the connection 22 whereby the 
throttle control 10a may adjust the operation of the 
prime mover 10. If the throttle control 10a is a well 
known solenoid, then the switch 39 is preferably a highly 
sensitive microswitch which will activate the throttle con 
trol 10a electrically through the connection 22. The usual 
switch plunger 52 of such a microswitch coacts with the 
actuator member 36 so that as it pivots or tilts about 
the fulcrum shaft 37 the resulting motion of the plunger 
52 will open or close the electrical circuit through the 
connection 22. 
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If a common two-position three-pole microswitch is 
used as the switch 39, then the connection 22 would 
comprise electrical leads attached to the Switch 39 at the 
common terminal 39b and one of the terminals 39a or 
39c depending upon whether the throttle control 10a is 
to be energized when the plunger 52 is extended or re 
tracted. As it has been assumed that the pressure lines 
14a and 14b are connected to cylinders 43 and 44 respec 
tively, it will be also assumed, for the purposes of this 
discussion, that the switch 39 will actuate the throttle 
control 10a when the switch plunger 52 is in the retracted 
position which closes the circuit between the common 
terminal 39b and the terminal 39a. It is apparent that 
the various parts and connections could be reversed so 
that as the actuator bar 36 pivots or tilts about the 
fulcrum 37, it will allow the plunger 52 to move to its 
extended position thereby actuating the throttle control 
10a. The passageway 53 in the inner block E and the 
passageway 53a in the outer housing D provide the open 
ings through which the connection 22 may extend out 
wardly to the exterior of the housing. 
As discussed previously, there is a slight clearance be 
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6 
tween the balls 50 and the bore 5 of the cylinders 43 
and 44 so that a small quantity of hydraulic fluid may 
enter the chamber 23 in the outer housing D and, in order 
that excessive amounts of this fluid may be removed, a 
drain opening is provided in the outer housing 23 which 
communicates with the chamber 23 and the recess 29 
of the inner block E. A drain line 54 conveys the hy 
draulic fluid to a suitable reservoir. Of course other 
drain passages such as that designated at 55 may be pro 
vided at convenient locations in the outer housing D. 

In operation of the actuator device 21 in a circuit such 
as that shown in FIGURE 1, hydraulic fluid under pres 
sure is supplied to the cylinders 43 and 44 through the hy 
draulic lines 14a and 4b. As noted previously, the pres 
sure supplied to the cylinder 43 through the line 14a is rep 
resentative of the pressure in the pump output line 14 at 
point B, while the pressure in the cylinder 44 is represen 
tative of that pressure at point C in the pump output line 
4. The pressures thus supplied to the cylinders 43 and 
44 act upon the balls 50 and force the innermost ball 50a 
in each cylinder against or in contact with the actuator 
member 36. The actuator member 36 is initially adjusted 
by means of the adjusting screw 34 while the circuit is 
operating under idling or no-load conditions so that the 
actuator member 36 does not depress the switch plunger 
52, and the actuator member 36 is in a balanced position, 
that is, the edge 36a of the actuator member 36 which co 
acts with the switch plunger 52 lies in a plane perpen 
dicular to the axis of the cylinders 43 and 44. This 
balanced position is obtained by varying the distance be 
tween the fulcrum shaft 37 and the point of contact 
between the balls 59a and the actuator member 36 so 
that the edge 36a will lie in a plane perpendicular to the 
axis of the cylinders 43 and 44 when the moments about 
the fulcrum shaft 37 due to the action of the balls 50a 
against the actuator member 36 are equal. As the pres 
sure at point B in the pump output line 14 is greater than 
the pressure at the point C, the force acting upon the 
actuator member due to the pressure in the cylinder 43 is 
greater than the force due to the pressure in cylinder 44, 
and the moment arm or distance from the center of the 
fulcrum shaft 37 to the point of contact between the ball 
50a in cylinder 43, and the actuator member 36 will be 
proportionately less than the distance between the center 
of the fulcrum shaft 37 and the point of contact between 
the ball 50a in cylinder 44 and the actuator member 36. 
For purposes of illustration, it may be assumed that the 
pressure at point B is 50 p.s. i. and the pressure at point C 
is 25 p.s. i., while the circuit is operating under idling or 
no-load conditions. As these pressures ultimately force 
the balls 50a against the actuator member 36, such actua 
tor member must be adjusted so that the moment arm 
for the pressure C is twice the length of the moment 
arm for the pressure B, whereby the moments acting in 
opposition to one another about the fulcrum shaft 37 are 
equal and the actuator member 36 is balanced. For in 
stance, using the pressure quantities noted above, the 
moment arm for the pressure B may be one inch and the 
moment arm for the pressure C would be two inches, so 
that the two moments of fifty inch-pounds each cancel or 
nullify one another. 
Once the actuator member 36 is adjusted or set in the 

balanced position by means of the adjusting screw 34, as 
discussed above, changes in the pressures due to fluid 
velocity and temperature variations will not spoil or dis 
rupt the balance because such pressure changes are pro 
portional; that is, a ten percent rise in the pressure would 
result in a pressure of 55 p.s.i.at point B and 27.5 psi. at 
point C, and it is obvious that the moments due to such 
pressures would be equal and the actuator member 36 
would not tilt or pivot about its fulcrum 37. 
When the three way valve 19 is switched from the by 

pass or no-load position to the working or loaded posi 
tion, hydraulic fluid is conveyed to the hydraulic motor 
15, and there is a resultant change in the pressure in the 
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pump output line 14 due to the additional load imposed 
on the hydraulic circuit by the hydraulic motor 15. Con 
tinuing the above illustration, the pressures may be in 
creased by twenty p.s. i., which is the additional pressure : 
required to drive the hydraulic motor when no load is 
applied thereto. The pressure at point B then becomes 
70 p.s. i., and its moment becomes seventy inch-pounds, 
while the pressure at point C increases to 45 p.s. i., and its 
moment increases to ninety inch-pounds. As these 
moments are no longer equal, the actuator member 36 
is in an unbalanced state and it pivots about its fulcrum 
37, thereby actuating the switch 39 which, as noted above, 
ultimately results in increasing the output of the prime 
nover 8. 
If the hydraulic motor 15 in the above illustration had 

a load connected thereto when the three-way valve 9 
was changed to the working position, then the additional 
pressure required to drive the motor with its load would 
have been considerably greater; for instance, 2,000 p.s.i. 
Pressure B would thus increase to 2,050 p.s. i., and its 
moment would then be 2050 inch-pounds, while C would 
increase to 2,025 p.s. i. and its moment would become 
4,050 inch-pounds, thereby creating a similar unbalanced 
condition with respect to the actuator member 36. 
By dividing the pressure at C by the pressure at B, the 

percentage relationship of the pressures is obtained, and 
the difference between such percentages is an expression 
of the unbalance created by the change in pressures. 
Using the above figures for illustrative purposes, the per 
centage relationship of C:Bunder no-load conditions is 
25/50 or fifty percent. The relationship changes to 45/70 
or approximately 64.3 percent when the three-way valve 
19 is positioned so that the fluid passes to the unloaded 
hydraulic motor 15. The difference of 14.3 percent be 
tween the two percentages in the two sets of circumstances 
is said to be the percentage unbalance. Of course, so 
long as the pressure percentages remain the same, even 
though the pressures themselves vary, the actuator mem 
ber remains balanced and stationary. By using the well 
known microswitch which requires only a slight force for 
actuation thereof, the actuator device 2 is sensitive 
enough to be actuated by a percentage unbalance of .2 
of one percent. 

It is believed obvious that devices other than the com 
mon microswitch could be substituted for the switch 39 
which would adequately provide the means for activating 
or energizing the throttle control 10a. For instance, a 
three-position microswitch or two double position micro 
switches may be effectively utilized to activate the throttle 
control 19a through the connection 22 if the actuator 
member 36 pivots or tilts in either direction. Other well 
known switches could be provided which would allow for 
operation of the prime mover at outputs between idling 
and maximum according to the extent or degree of the 
movement of the actuator member 36. The output of the 
prime mover 10 could then be varied through an infinite 
number of positions in the range between idling and maxi 
mum output by substituting for the switch 39 a rheostat 
or potentiometer responsive not only to the movement. 
of the actuator member 36 but also responsive to and 
varied by the extent of such movement. Also, any one 
of the well known types of servo mechanisms could be 
effectively utilized to duplicate or exaggerate the move 
ment and/or position of the actuator member 36. 
The control system A including the actuator device 2 

may obviously be effectively utilized in more complex 
hydraulic circuits than that shown in FIGURE-1. For 
instance, the hydraulic circuit shown schematically in 
FIGURE 2, commonly known as the single pump mani 
fold type, includes the basic circuit shown in FIGURE 1 
together with a hydraulic fluid reservoir or tank 56, a 
relief valve 57 and a control valve 58. The hydraulic 
fluid return line 18 communicates with the reservoir or 
tank 56 instead of the pump 11, as shown in FIGURE 1, 
and the tank 56 communicates with the input connection 
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8 
of the pump 1 through the hydraulic line 59. The 
well known relief valve 57 is placed in the pump output 
line 4, as is the control valve 58. A relief line 60 is 
provided which communicates with the relief valve 57 
and the tank 56 so that any excessive pressure may be 
relieved or vented to the tank 56. The control valve 58 
may be the well known three-way type and communicates 
with the tank 56 by means of hydraulic lines 61 and 60. 
This control valve 58 provides a means whereby the actu 
ator device 2a, the three-way valve 19 and the hydraulic 
motor 15 may be rendered inoperative. This may be 
accomplished by positioning the control valve 58 so that 
the hydraulic fluid from the pump 11 in the line 14 is 
bypassed to the tank 56 by means of lines 68 and 6i. 
The control system A, as discussed above, is incorpo 

rated in the FIGURE 2 circuit and accomplishes the 
same function as in the FIGURE 1 circuit; that is, it 
provides a means for automatically increasing the output 
of the prime mover 10 when the load applied to the 
circuit is increased. Although the pressure sensing points 
B and C may obviously be located at other points in the 
pump output line 14, the point B in the hydraulic circuit 
shown in FIGURE 2 is preferably located in pump output 
line 4 between the output connection of pump 11 and the 
inlet connection of relief valve 57, and the point C is 
preferably located in the pump output line 14 downstream 
of the control valve 58. 
The hydraulic circuit shown in FIGURE 3 is the dual 
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low” system. It contains all of the elements of the circuits 
shown in FIGURES 1 and 2 together with an additional 
hydraulic pressure supply pump 11a, an unloading valve 
62 and a check valve 63. The prime mover 10 drives 
both the high pressure pump 11 and the low pressure 
pump a by means of shafts 12 and 12a respectively. 
The low pressure pump 11a communicates with the un 
loading valve 62 by means of the pump output line 14, 
while the high pressure pump 11 is connected to the 
unloading valve 62 through hydraulic line 64. The well 
known unloading valve 62 is actuated by the pressure 
in the line 64 and is set to unload or relieve the low 
pressure pump at a predetermined pressure by means 
of line 65 which communicates with the tank 56 through 
connection with the bypass line 60. The check valve 63 
is preferably placed between the unloading valve 62 and 
the relief valve 57 in the pump output line 14, and it 
functions to prevent reverse flow in the line 14; that is, 
it prevents flow from right to left as viewed in FIGURE 3. 
The high pressure pump output line 66 communicates 
with the pump output line 14 and the relief valve 57, 
which valve prevents overpressuring of the circuit. 
The control system A may be conveniently incorporated 

in the FIGURE 3 circuit by locating the pressure sensing 
point B in the pump output line 14 between the low 
pressure pump 11a and the unloading valve 62, while the 
pressure sensing point C is located in the line 14 down 
stream of the control valve 58 as in the FIGURE 2 circuit. 
The control system. A will then perform the same function 
as in the previously described circuits, and the output of 
the prime mover i0 will be automatically increased upon 
an increase in the load applied to the system. 
The foregoing disclosure and description of the inven 

tion is illustrative and explanatory thereof, and various 
changes in the size, shape and materials, as well as in the 
details of the illustrated construction, may be made within 
the scope of the appended claims without departing from 
the spirit of the invention. 

70 

We claim: - 

1. A control system for controlling the output of a 
pressure supply means for a hydraulic circuit in accord 
ance with the load imposed on said circuit including, an 
actuator for controlling the operation of said pressure 
Supply means, a conduit communicating between said 
hydraulic pressure supply means and a load-imposing 
means, means for sensing the pressure at two spaced apart 
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points in said conduit, and means operatively associated 
with said sensing means actuated only by a change in the 
pressure differential between said spaced points resulting 
from the back pressure created when a load is applied to 
the hydraulic circuit by the load-imposing means, said 
last-mentioned means when actuated operating said actu 
ator whereby the output of said pressure supply means of 
the hydraulic circuit is varied in accordance with the load 
imposed on the circuit by the load-imposing means. 

2. The combination with a hydraulic circuit which 
includes a pressure supply means and a pressure supply 
conductor communicating the pressure supply means with 
a load-imposing device whereby pressure variations in 
said pressure supply conductor are representative of the 
load imposed on the circuit by the load-imposing means, 
of a control system comprising a control means, an opera 
tive connection between said control means and the pres 
sure supply means whereby said control means controls 
the operation of said pressure supply means, means for 
sensing the pressure at two spaced apart points in said 
conductor, and means operatively associated with said 
sensing means actuated only by a change in the pressure 
differential between said spaced points resulting from the 
back pressure created when a load is applied to the hy 
draulic circuit by the load-imposing means, said last 
mentioned means when actuated operating said control 
means whereby the output of said pressure Supply means 
for the hydraulic circuit is varied in accordance with the 
load imposed on the circuit by the load-imposing means. 

3. A control system for controlling the output of a 
hydraulic pump for a hydraulic circuit in accordance with 
the load imposed on said circuit including, an actuator 
for controlling the operation of said pump, a conduit 
communicating between said pump and a load-imposing 
means, means for sensing the pressure at a first point in 
said conduit, means for sensing the pressure in said con 
duit at a second point spaced downstream from said first 
point, and means operatively associated with both of said 
sensing means actuated only by a change in the pressure 
differential between said spaced points resulting from the 
back pressure created when a load is applied to the hy 
draulic circuit by the load-imposing means, said last 
mentioned means when actuated operating said actuator 
whereby the output of said pump for the hydraulic circuit 
is varied in accordance with the load imposed on the 
circuit by the load-imposing means. 

4. A control system for controlling the output of a 
pressure supply means for a hydraulic circuit, which 
circuit includes a hydraulically driven motor operatively 
associated with a load-imposing device, including, an actu 
ator for controlling the operation of said pressure supply 
means, a conduit communicating between said hydraulic 
pressure supply means and said motor, means for sensing 
the pressure at two spaced points in said conduit, and 
means operatively associated with said sensing means 
actuated only by a change in the pressure differential 
between said spaced points resulting from the back pres 
sure created when a load is applied to the hydraulic circuit 
by the load-imposing device, said last-mentioned means 
when actuated operating said actuator whereby the output 
of said pressure supply means of the hydraulic circuit is 
varied in accordance with the load imposed on the circuit 
by the load-imposing device through the hydraulic motor. 

5. A control system for controlling the output of a 
hydraulic pump for a hydraulic circuit which circuit in 
cludes a hydraulically driven motor operatively associated 
with a load-imposing device including, an actuator for 
controlling the operation of said pump, a conduit com 
municating between said pump and said hydraulic motor, 
means for sensing the pressure at a first point in said con 
duit, means for sensing the pressure in said conduit at a 
second point spaced downstream from said first point, 
and means operatively associated with both of said sens 
ing means actuated only by a change in the pressure dif 
ferential between said spaced points resulting from the 
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10 
back pressure created when a load is applied to the hy 
draulic circuit by the load-imposing device, said last-men 
tioned means when actuated operating said actuator 
whereby the output of said pump of the hydraulic circuit 
is varied in accordance with the load imposed on the cir 
cuit by the load-imposing device through the hydraulic 
motor. 

6. A control system for controlling the output of a 
pressure supply means for a hydraulic circuit, which cir 
cuit includes a hydraulically driven motor operatively as 
sociated with a load-imposing device including, an actua 
tor for controlling the operation of said hydraulic pres 
sure supply means, a conduit communicating between said 
hydraulic pressure supply means and said hydraulic no 
tor, means for sensing the pressure at two spaced apart 
points in said conduit, and means operatively associated 
with said sensing means actuated only by a change in the 
pressure differential between said spaced points resulting 
from the back pressure created when a load is applied to 
the hydraulic circuit by the load-imposing device, said 
last-mentioned means when actuated operating said actua 
tor whereby the output of said pressure supply means of 
the hydraulic circuit is maintained at a minimum output 
commensurate with that output required to operate said 
hydraulic motor when no load is applied thereto and 
whereby the output of said pressure supply means is in 
creased to maximum output commensurate with that out 
put required to operate said hydraulic motor when a load 
is applied thereto by said load-imposing device. 

7. A control system for a hydraulic circuit having a 
hydraulic pressure supply means therein including, an 
actuator member pivoted about a fulcrum, means for ap 
plying pressure from one point in said hydraulic circuit to 
that portion of the actuator member on one side of the 
fulcrum, means for applying a second pressure from a 
second point in said circuit spaced from said first point to 
that portion of the actuator member on the other side of 
said fulcrum, means for adjusting said actuator member 
to a balanced position when said pressures are applied 
thereto, means for varying the pressure in said hydraulic 
circuit according to the load imposed on said circuit, and 
means responsive to the movement of said actuator mem 
ber when there is a change in said pressures due to the 
load imposed on said circuit causing an unbalance about 
said fulcrum for varying the output of said hydraulic 
pressure supply means. 

8. The control system as set forth in claim 7 wherein 
the means for applying pressure to that portion of the 
actuator member on each side of the fulcrum comprises 
a cylinder and a piston, each piston being constructed of 
a plurality of balls of slightly less diameter than that of 
the bore within said cylinder adapted to transmit the pres 
sure to that portion of the actuator member on each side 
of the fulcrum. 

9. A control system for a hydraulic circuit having a 
hydraulic pressure supply means therein including, an 
outer housing, an actuator pivotally mounted about a full 
crum within said outer housing, a first cylinder and piston 
means mounted in said outer housing and coacting with 
said actuator member for applying pressure from one 
point in said hydraulic circuit to that portion of the actua 
tor member on one side of the fulcrum, a second cylin 
der and piston means mounted in said outer housing and 
coacting with said actuator member for applying a sec 
ond pressure from a second point in said circuit spaced 
from said first point to that portion of said actuator mem 
ber on the outer side of said fulcrum, means for adjusting 
said actuator member to a balanced position when said 
pressures are applied thereto, means for varying the pres 
Sure in said hydraulic circuit according to the load im 
posed on said circuit, and means responsive to the move 
ment of said actuator member when there is a change in 
said pressures due to the load imposed on said circuit caus 
ing an unbalance about said fulcrum for varying the out 
put of said pressure Supply means. 
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10. A control system for a hydraulic circuit having a 
hydraulic pressure supply means therein incluiding, an 
outer housing having a chamber therein, an inner block 
mounted for limited movement within said chamber, an 
actuator member pivotally mounted about a fulcrum car 
ried by said inner block, a first cylinder and piston for . 
applying the pressure from one point in said hydraulic cir 
cuit to that portion of the actuator member on one side 
of the fulcrum, a second cylinder and piston for applying 
a second pressure from a second point in said circuit spaced 
from said first point to that portion of the actuator mem 
ber on the other side of said fulcrum, means for moving 
said inner block within said chamber whereby the actua 

0 

tor member may be balanced about said fulcrum when 
said pressures are applied thereto, means for varying the 5 
pressure in said hydraulic circuit according to the load im 
posed on said circuit and means responsive to the move 
ment of said actuator member when there is a change in 
said pressures due to the load imposed on said circuit 
causing an unbalance about said fulcrum for varying the 
output of said hydraulic pressure supply means. 

11. A control system for controlling the output of a 
hydraulic pump for a hydraulic circuit in accordance with 
the load imposed on said circuit including, an engine 
driving said hydraulic pump, a throttle control for con 
trolling the operation of said engine, a hydraulic motor 
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operatively associated with a load-imposing device, an ac 
tuator for actuating the said throttle control, a conduit 
communicating between said hydraulic pump and said 
hydraulic motor, means for sensing the pressure at a first 
point in said conduit, means for sensing the pressure in 
said conduit at a second point spaced downstream from 
said first point, and means operatively associated with 
both of said sensing means actuated only by a change in 
the pressure differential between said spaced points result 
ing from the back pressure created when a load is applied 
to the hydraulic circuit by the load-imposing device, said 
last-mentioned means when actuated operating said actua 
tor to actuate said throttle control whereby the operation 
of said engine is varied so that the output of said pump 
is varied in accordance with the load imposed on the cir 
cuit by the hydraulically driven motor operatively asso 
ciated with the load-imposing device. 
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