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This invention relates to hydraulic machinery 
and, in particular, to a control system for a plu 
rality of hydraulic motors, i. e., for two motors 
or for any given number of motors, especially 
when said motors are actuated from a common 
fluid Source. 
When a plurality of hydraulic motors is sup 

plied with pressure fluid from a common fluid 
source, the motor encountering the lowest re 
sistance tends to run ahead of the other motor 
or motors and said motor which encounters the 
greatest resistance.will either move in an erratic 
manner or it may even come to a stop. 

It is an object of this invention to provide a 
hydraulic motor control system which will over 
come the above-mentioned drawback, particu 
larly to provide such a control system where two 
or mgre than two motors are operated from a 
single fluid source, although it will be understood 
that the system may be used with two motors. 

It is another object of this invention to pro 
vide a hydraulic system including a plurality of 
fluid operable motorS Supplied with pressure fluid 
from a common fluid source, in which a change 
in resistance encountered by one motor will have 
practically no effect on the speed of one or more 
of the other motors of said system. 
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It is another object of this invention to pro 
vide a hydraulic system including a plurality of 
fluid operable motors and in which two or more 
motors may be supplied with pressure fluid from 
a common fluid source, and in which control 
means is provided adapted automatically to main 
tain the Speed of each individual motor sub 
stantially constant. 
Another object of this invention consists in the 

provision of a hydraulic system including two or 
more fluid operable motors supplied with pres 
Sure fluid from a fluid source common to all of 
Said motors, in which the said control means is 
provided, in response to a decrease or increase in 
resistance encountered by one. motor to bring 
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about a corresponding change in the supply of 
pressure fluid to said motor to restore the speed 
of said motor while the speed of the other motor 
or motors is held substantially constant. 

It is a still further object to provide a hydraulic 
System including two or more fluid operable mo 
tors supplied with pressure fluid from one and 
the same fluid source, in which means is provided 
for maintaining a desired back pressure at said 
motors, and in which, responsive to an increase 
or decrease in resistance encountered by one or 
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respectively, while the speed of the other motor 
or motors is maintained substantially constant. 
Another object of the invention consists in the 

provision of a hydraulic system including two or 
more operable motors supplied with pressure fluid 
from one and the same fluid source, in which the 
speed of one or more motors may selectively be 
varied without substantially affecting the spee 
of the other motor or motors. 
Another object of the invention is the provision 

of a hydraulic System employing tWO or more 
motors which are operated from a single fluid 
source, and in which the motors may be either 
of the rotary or reciprocating type, or a com 
bination of said types, and which motors need 
not have any relationship to each other as far 
as size or type are concerned. 
A still further object of the invention consists 

in the provision of a hydraulic system including 
a variable delivery pump which drives two or 
more fluid motors and in Which there is a control 
cylinder provided for each fluid motor which 
control cylinder is hydraulically connected with 
means which controls the amount of fluid de 
livered by the pump. K 
These and other objects and advantages of the 

invention will appear more clearly from the foll 
lowing specification in connection with the ac 
companying drawings which illustrate, by way 
of example, an embodiment of the new control system. 
The control system shown in the drawings com 

prises in general three hydraulic motors sup 
plied with pressure fluid from a common variable 
delivery source, each motor being hydraulically 
connected with a pressure responsive variable 
choke valve, which in its turn is connected with 
realS for creating back pressure in said motors, 
and is also in fluid communication with a con 
trol mechanism associated with the fluid source 
feeding said motors. The said control system is 
pressure responsive and adapted to vary the sup 
ply of pressure fluid to the motors. 
A variation in resistance encountered by one 

of said motors reacts on its pressure responsive 
variable choke valve so as to cause the latter 

more of said motors, the supply of actuating fluid 
to said motor or motors is decreased or increased 55 

to create back pressure on its motor. In addi 
tion thereto, the delivery of fluid from said fluid 
Source to said motors is changed. Then a new 
pressure condition prevails because the pressure 
created by the fluid source stands on all motors 
at a value determined by the greater motor load. 

In the drawings: 
Figure 1 is a side elevational view of one form 
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of the apparatus showing the valve casings and 
the control cylinder in vertical section, 

Figure 2, a vertical section of a modified form 
of valve with conduits connected thereto, and 

Figure 3 is a plan view of a modified form of 
apparatus wherein it is possible to determine the 
retraction speed as well as the forward speed of 
each of the controlled motors. 

Referring now to the drawings in detail the 
structure shown in Figure 1 comprises a pump l. 
of the variable delivery type, which may be a 
radial piston or radial vane pump. The flow con 
trol member of the pump has connected thereto 
a control rod 2 with a piston 3 which latter is 
reciprocably mounted in a servomotor or control 
cylinder 4. The flow control member of the pump 

is continuously urged by means of a spring 5 in 

flow delivery position. Casing 6 is connected to 
the pump in any convenient manner. 
The suction side of the pump is connected by 

means of a conduit with a fluid reservoir Or 
tank 8. The delivery side of the pump is Con 
nected by means of a conduit 9 to a plurality of 
| ranch lines it, if and 12, to the hydraulic mo 
iors 3, 4 and 15. These motors 3, 4 and 5 
may be of any suitable size, and may be either 
of the rotary or reciprocating type. It is not nec 
essary that these motors bear any relationship to 
each other so far as size or type is concerned, 
i. e., any one of them may be of the rotary type 
and another of them may be of the reciprocating: 
type, and each of them may vary as to size. The 
branch lines (), and 2 connect to the inlet 
side of these hydraulic motors. Connected to 
the exhaust side of said motors are a plurality 
of conduits f6, 7 and 8, which latter respec 
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a casing 6 in a direction to move the pump into 

tively lead to annular recesses 9, 20 and 2 in 
the valve casings 22, 23 and 24 of the pressure 
responsive variable choke valves generally desig 
nated 25, 26 and 2. 
Reciprocably mounted in the valve casings are 

valve members 28, 29 and 30. The valve member 
28 is provided with interconnected piston portions 
3, 32, the valve member 29 is provided with simi 
lar piston portions 33, 34 and valve member 30 
with similar piston portions 35 and 6. 
The conduits 37, 38 and 39 connect the Spaces 

between each pair of pistons to choke valves 40, 
4 and 42. Bypass lines 43, 44 and 5 are con 
nected intermediate their ends into conduits 37, 
38 and 39. The left hand end of each bypass is 
connected into each valve casing near the left 
hand end of the cylinder bore of that casing so 
as to be uncovered during most of the move 
ments of the left hand piston. The right hand 
end of the bypass is connected into the cylinder . 
bore so as to be ordinarily covered by the right 
hand piston. Located in each bypass between the . . 

60 conduits 37, 38 and 39 are check valves 46, 7 
and 48. These check valves may open so as to 
bypass fuid only in the direction indicated by 
the arTOWS. 
Also connected into the valve casings 22, 23 and 

24 are conduits 49, 50 and 5, respectively, which 
lead from the right hand end of the valve bores 
to a line 52 and which leads into the control cyl 
inder 4. w 

All of the conduits 37, 38 and 39 are connected 
to a return conduit 53 which leads into the tank 8. 
In order to allow the pump to shift through 

its complete stroke without having to rely on 
the displacement of fluid from the valve casings, 

: an extra line is provided to the control cylinder 
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4 
nected into the midpoints of the valves 22, 23 
and 24 respectively, and each having a check . 
valve 57, 58 and 59, respectively. These check 
valves will only open in the direction indicated 
by the arrows. Each of these short conduits con 
nects into the line 60, and interposed between the 
fluid which flows out of the short conduits 54, 

56 and the control cylinder 4 is a choke valve 

In Figure 2 there has been illustrated a modifi 
cation of the pressure responsive variable choke 
valve shown in Figure 1. The pressure respon 
sive variable choke valve shown in Figure 2 is 
designated generally by 62 and includes casing 
63. Located within the casing is a valve mem 
ber 64 having piston portions 65 and 66. The 
piston 65 is provided with its own bypass which 
consists of a plurality of passageways 67 which 
extend from One side of the piston to the other. 
The interior of the casing is provided with an 
annular recess 68. 
Leading into the cylinder between the pistons 

65 and 66 and which corresponds to the short 
conduits 54, 55 and 56, is a conduit 69 which is 
provided with a check valve T0, which latter may 
only open in the direction of the arrow. Conduit 
69 connects with the conduit 7 which latter cor 
responds to the conduit 60, Fig. 1, and which may 
lead back through a suitable choke valve 9, cor 
responding to 6, to the control cylinder 4. Con 
nected to the interior of the casing 63 adjacent 
the right hand thereof is a short conduit T2 which 
is connected into the return cónduit T3. The con 
duit 72 of Fig. 2 corresponds to conduit 49 of Fig. 1 
and conduit 73 corresponds to conduit 52 of Fig. 
1, and said conduit T3 connects into the control 
cylinder 4. 
There is a bypass 74 and check valve 75 which 

corresponds to the bypass located to the right in 
Fig. 1 and to the check valve 46. The casing 
also has an extension 76 in which is located choke 
valve TT and a pipe 78 which connects to the 
tank 8 and which corresponds to the conduit 53 
in Fig, 1. - 
The valve 79 indicates a manually adjustable 

choke valve, the function of which is to replace 
choke valve 6t. It will be noted that it is in the 
same position in the circuit, namely between the 
right hand and the central chambers of the valve 
62. 
Numeral 8 indicates a conduit corresponding 

to conduit 6 and is connected to the exhaust of 
the hydraulic motor f3, which may be either re 
ciprocating or rotary type of hydraulic motor. 

Furthermore it will be understood that the 
pressure responsive variable choke valve shown 
in Figure 2 may be substituted for one or more 
of the valves 25, 26 and 27. 

Operation 

It may be assumed that the pump has been 
started, and that fluid is flowing from the pump 
through conduit 9 into branches 0, and 2 

to the hydraulic motors 3, 4 and 5. Exhaust 
fluid from each of the hydraulic motors leads to 
the interior of the valve casings 22, 23 and 24. 
The pump control cylinder 4 is assumed to be 
of sufficient size to shift the pump to neutral 
or idling position at a predetermined low pres 
sure, of, say, about 50 pounds per square inch. 
Inasmuch as the return line 52 from the control 
cylinder 4 is connected to the valve casings 22, 
23 and 24 and into the space between the right 
hand casing wall and the right hand face of 

4 consisting of short conduits 54, 55 and 56, con- 75 each piston 3, 33 and 35, the pressure within 



these spaces will be the same as the pressure 
against the piston 3 within the control cylinder 4. 
In order to balance the valve members pressure 
must be the same in the spaces between the left 
hand ends of the valve casings and the left hand 
ends of the piston portions 32, 36 and 36, and 
the pressure between each pair of pistons such 
as 3, 32 must also be the same inasmuch as the 
conduits 37, 43; 38, 44, and 39, 45 are intercon 
nected. This is also true of the construction dis 
closed in Figure 2 as the passageways 6 connect 
the opposite ends of the piston 65. 
The chokes 40, 4 and 42 will always maintain 

a back pressure in the valve casings 22, 23 and 28. 
The spring 5 on the pump tends to force the 

pump into full stroke position. The control pis 
ton 4, when it is moved toward the right, forces 
fluid through the line 52 and conduits 49, 50 and 
5, thereby moving the valve members 28, 29 and 
30 to the left so as to completely uncover the 
annular recesses 9, 20 and 2 to Which are con 
nected conduits 6, A and 8 from the hydraulic 
motors 3, 4 and 5, respectively. 

In this position of the valve members there will 
be a relatively free flow of fluid into the space be 
tween the pistons of each valve member and from 
this space to the choke valves 30, 4 and 42. The 
pressure drop depends upon the size of the valve 
members and other factors such as the rate of 
flow, etc. 
Assuming that the discharge of the pump flows 

to the hydraulic motors and that all of the chokes 
have been set at the required speed, if there is no 
work resistance met by the several motors they 
tend to speed up. The speed up of the motors : 
will increase the flow from the conduits 6, 7 
and 8 into the annular recesses 9, 20 and 2: 
and from the spaces between each pair of pis 
tons of each valve member and into the pipes 37, 
38 and 39 to the chokes 40, 6 and 42. This re 
sults in a building up of pressure ahead of the 
choke, and this pressure will act on the left hand 
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great enough. 

side of each piston 32, 34 and 36 thereby moving . 
the valve members, to the right and partially 
closing annular recesses i 9, 20 and 2. This ac 
tion will produce a secondary pressure drop be 
tween the space between each pair of pistons and 
the conduits 6, 7 and 8. 
Movement of the valve members to the right 

has moved fluid through conduits 89, 50 and 5 f : 
and line 52 against piston. 3 in the control cylin 
der thereby compressing spring 5 and decreasing 
the output of the pump. Fluid will also flow from 
the spaces between the pistons of each valve 
member through the conduits 54, 55 and 56, check 
valves 57, 58 and 59, line 60, choke 6 to the 
right hand side of piston 3. 

It will be understood that the line 60, together 
with its conduits 54, 55 and 56, as well as the 
bypasses 43, 44 and 45 permit the pump to go 
through its complete stroke, i. e. to shift from 
full delivery position to no delivery position, with 
out having to rely solely on the displacement of 
fluid within the valve member. In other Words 
the volume of fluid within the control cylinder 
need not be the same as the combined volumes 
of fluid in the Valve casings 22, 23 and 24. 
The purpose of the individual chokes 40, 4 and 

42 is to be able to manually adjust the speed of 
each hydraulic motor which it controls. Assum 
ing motors 3, and 5 are running at the same 
speed and it is desired to run motor 4 at its 
maximum speed and to decrease the speed of 
motors f3 and 5, to accomplish this result chokes 
AO and 42 are moved so as to be more nearly 75 
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closed and choke 4 is open to substantially its 
maximum extent. 
As the choke 4 is opened, the pressure be 

tWeen the pistons 33 and 34 and on the left hand 
side of piston 34 drops. This will cause the valve 
member 29 to move to the left and it may even 
move in this direction to such an extent as to 
uncover the right hand connection of the bypass 
line 44 which connects through the check valve 
'87 to the interior of the valve casing adjacent 
the right hand end thereof. Fluid will simulta 
neously flow through the conduit 38, return con 
duit 53 to the tank 8 and pressure will be relieved 
in the line 52 through the connection 50 into the 
valve casing and through the bypass, and out the 
pipe 38 and conduit 53 to the tank 8. This will 
momentarily drop pressure in the cylinder 4 and, 
through the action of the spring 5, cause the 
pump to move to increased stroke position. 
As the velocity of the motor & increases the 

back pressure also increases to a certain extent 
and Will cause the valve member 29 to move to 
the right so as to control the motor 4. 
Walve members 28 and 30 will also find their 

equilibrium at substantially the same time as 
valve member 29. 

It will be apparent that the bypass connection 
at the right hand end of the valve 23 is effective 
to permit the spring 5 to move the pump on full 
stroke, if necessary, the fluid thus displaced from 
the cylinder 4 passing through the conduit 5i, 
the conduit 50, the check valve 47, conduit 38. 
choke valve 4 and conduit 53 to the tank 8. 
Also, the fluid communication from the cylinder 
4 through the choke valve 6? and the choke 
valves 57, 58 and 59 to the valves 22, 23, and 24 
is effective to permit the pump to move substan 
tially to neutral, if necessary, regardless of the 
fluid displaced from the said valves, providing the 
pressure at the center of any one of the valve is 

The volume of oil displaced by the control sys 
tem is therefore not dependent upon the volume 
of oil displaced by the valve members. 

It will therefore be understood that the struc 
ture disclosed herein provides a means whereby 
the speed of two or more hydraulic motors which 
are driven from a single pressure source may be 
controlled. 
This is achieved by the provision of a pressure 

responsive variable choke valve attached to the 
exhaust side of each hydraulic motor, the value 
of which is determined by the pressure drop 
across an adjustable choke, one of which is pro 

5 vided with each pressure responsive variable choke 
valve. The valve member of the pressure respon 
sive variable choke valve will move to a position 
such that pressure drop across it will hold back 
pressure on the hydraulic motor which it con 
trols and thereby maintain the speed of the hy 
draulic motor constant. The speed at which 
each hydraulic motor is to be run may be ad 
justed by means of the manually controlled ad 
justable choke. Therefore the individual speed 
of each of two or more motors driven from the 
same pressure source may be accurately con 
trolled so that the speed of each motor will stay 
at a predetermined value even undergreat vari 
ations in loads. , 

It should further be noted that the variable 
delivery source of fluid pressure is variable only 
as necessary to correct momentary changes in 
motor speeds and will always return substan 
tially to its original position regardless of load 
conditions on the motors and regardless of 
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changes in position of the pressure responsive 
variable choke valve. The delivery of the pump 
is changed permanently only by a change in 
setting of one or more of the manually adjust 
able chokes. 
The theory of this system is that each motor 

operates independently of all the others and a 
change in the speed of one motor does not neces 
sarily mean a change in speed of the others; 
instead a variation in speed of one motor causes 
a change in the pressure conditions prevailing 
in the control system which affects the pressure 
responsive variable choke valve' of the varying 
motor, to restore its speed, affects the pump stroke 
to help restore the speed of this motor, and 
affects the pressure responsive variable choke. 
valves of the other motors to maintain their 
speed by opposing the change in pump delivery. 
For example, if motor 5 should slow down the 
action is as follows: 

a. The pressure drops in the groove 2 because 
of reduced flow. w 

b. The pressure drops on the left side of valve 
member 30, due to (a) and the valve shifts to 
the left decreasing the restriction at 2. 

c. The movement of the piston 30 to the left 
allows fluid to flow in conduit 52 putting the 
pump on increased stroke. 

d. The valve members 28 and 29 shift to the 
right for the same reason that the pump stroke 
is influenced, namely the removal of fluid from 
conduit 52 by movement of the valve member 
30, increasing the restrictions at 9 and 20 and 
thereby neutralizing the effect of the increased 
pump delivery on the motors 3 and 4. 

It is apparent that the slowing down of motor 
5 has caused changes in the System tending to 

correct the speed thereof, and that these changes 
also act to cause motors.f3 and 4 to be unre 
sponsive to the correcting influences, Now all 
of this is temporary and after a short time all 
of the original speed conditions are restored and 
the pump stroke returns to normal. The only 
permanent change in the system is a new loca 
tion of the valve member 30 to compensate for 
the changed load on motor 5. 

. . The movable element of each pressure respon 
sive variable choke valve, i. e., members 28, 29 
and 30 will all be in the same position, such as 
indicated in Figure 1, provided the speeds and 
loads of each hydraulic motor are identical. 

. . The function of the manually, Operated choke 
valve 6 is to damp out small variations in the 
pressure that occur in the pressure responsive 
variable choke valves in Order to prevent the 
pump from fiuctuating too much whenever 
the load changes in one or more of the hydrau 
lic motors 3, 4 or 5. This valve 6 also helps 
to establish a pressure differential between the 
two ends of one of the pressure responsive vari 
able choke valves during a change of condition 
of its hydraulic motor, i. e., when the load either 
increases or decreases in the corresponding no 
tor of the corresponding pressure responsive vari 
able choke valve. 
The partial closing of any one of the choke 

valves 40, 4 or 42, will slow down the operation 
of its corresponding fluid motor 3, 4 or 5. 
Should one of these choke valves be partially 
closed the speed of that motor will be slowed 
down but the speed of the other motors will be 
unaffected. 
. To sum up: Assuming all of the motors are 

, operating under the same conditions of speed 
and load, should one of the motors encounter a 
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tor is absolutely independent of the others. 

rocating motors. 

r 8 
change of load its speed is momentarily affected 
but due to the foregoing operation its speed will 
be restored to normal. Should it be desired, 
however, to increase or decrease the speed of 
any one of the motors, this can be accomplished 
by the manual operation . of its corresponding 
manually operated choke valve 40, 4 or 42. 
The second sheet of drawings shows an em 

bodiment of this invention as applied to recipro 
cating motors. In this view, means are provided 
whereby a plurality of reciprocating motors may 
be controlled by the mechanism of this invention 
in such a manner that the operation of one mo 

In 
fact, as stated before, the motors need not be 
reciprocating motors but could be rotary mo 
tors or any arrangement of rotary and recip 

Such a situation might arise 
in the event of several hydraulically actuated 
machines, individually and separately operated, 
being supplied with pressure fluid from a common 
SOCe. 
This view, Figure 3, also shows a means for ex 

tending the control to the retraction stroke of 
a reciprocating motor. 
This is accomplished as follows: 
The motors 90 and 9 are supplied with pres 

Sure fluid by means of the conduit 9 from the 
pump , the fluid passing through conduits 92 
and 93 into pilot operated, four way valves 94 
and 95 and thence through conduits 96, 97, 98 
and 99 into the motors 90, 9 where the fluid pres 
sure is converted into mechanical force by means 
of the Working surfaces of the pistons, 

Fluid is exhausted from the motors through 
the four way valves and into conduits OO, O, 

... whence it passes into the balancing valves at 
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02, O3. These valves are identical with those 
of Figure i. 
The discharge from the pressure responsive 

variable choke valves passes through conduits 
04 and 05 into pilot operated three way valves 
06 and 07. These last mentioned valves are 

for the purpose of interconnecting the conduits 
?O4 and 105 with either conduits 108 and to 
respectively or with conduits io9 and respec 
tively. - 

Each of the conduits fo8, fo9, ff0, f f, has a 
choke valve f2, 3, f4, it 5 therein, the func 
tions of which are identical to the functions of 
the choke valves 40, 41, 42 in Figure 2. - 
A pilot pump O2 is provided for the purpose 

of Supplying pressure fluid for the purpose of 
shifting the valves 94, 95, O6 and 07. Pilot 
valves 2 and 22 are provided for the purpose 
of selecting the desired position of valves 94, 
95, fos and 07. Pilot fluid is supplied to the 
pilot valves through conduits 23 and 24, and 
conducted therefrom to the controlled valves by 
means of conduits 25, 26, 27 and 28. Ex 
haust fluid is conducted from the pilot valves 
to the reservoir by means of a conduit 29. 
Conduits and valves interconnect the pressure 

responsive variable choke valves and the pump 
control cylinder in a manner identical to that 
shown in Figure 1. 

Operation of the structure shown in Figure 3: 
In Figure 3 the motor 90 is on the retraction 

stroke and the motor 9 is on the forward stroke. 
Motor 90 has been placed on the retraction 

stroke by the operator of the machine, of which 
it is a part, by his positioning the pilot valve . 
2i to direct pilot fluid through conduit 25 to 
the left hand pilot cylinders of the valves 94 and 
f06 and motor 9 f has been placed on forward 



9 
stroke by a similar manipulation of the pilot 
valve 22, by the operator of that machine, this 
manipulation causing pilot fluid to be directed 
through conduit 28 to the right hand pilot piston 
of the valves 95 and f. 
The shifting of the valves 94 and 95 causes 

pressure fluid from the pump to flow either to 
the forward area, or the reverse area of the Work 
ram and shifting of the valves 06 and 07 causes 
exhaust fluid from the motors to be directed 
through the proper choke. 

In this manner it is possible to predetermine 

2,415,603 
ceiving fluid from said source; a variable restrict 
ing valve conjected with each of said motor Out 
lets for passing the entire discharge of the aSSO 

10 

the retraction speed as well as the forward speed . 
of the controlled motors. 

It is obvious that the choke valve in conduit 
2 must be different than that in conduit f3 

since one must pass the fluid from the main 
chamber and the other must pass only the fluid 
from the retraction chamber. - 
While only two motors have been shown in 

Figure 3 it is evident thet any number of mo 
tors, within the capacity of the pump , to sup 
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ply fluid thereto, may be successfully operated 
and controlled by the system of this invention. 

It will be understood that the invention is not 
limited to the particular structure shown in the 
drawings, but also embraces such modifications 
as come Within the scope of the claims. - 
What is claimedis: 
1. In a hydraulic system, a plurality of fluid 

ciated motor; an adjustable restricting Valve con 
nected with the Outlet of said variable restricting 
valve for passing the entire discharge therefrom; 
Said variable restricting valve comprising a first 
fluid operable area, connected with the Outlet 
thereof and adapted for urging said valve into in 
creased restricting position, and a second fluid 
operable area adapted for urging said valve into 
decreased restricting position; a check Valve con 
nected with each of the outlets of said variable 
restrictors and opening outwardly therefrom into 
a common channel; means including a choke 
valve hydraulically connecting said channel with 
all of Said Second fuid operable areas; and fluid 
pressure responsive flow control means associated 
with said fluid source hydraulically connected 
with said second fluid operable areas whereby the 
speed of each motor is maintained substantially 
constant and independent of the speeds of the 
other of said motors and the delivery from said 
fluid source is varied in accordance with the 
speeds of said motors. 

4. In a hydraulic system; a plurality of fluid 
Operable motors having inlets and outlets; a fluid 
source for supplying fluid to said inlets; individ 
ual control means associated with said motor out 

30 
motors having their inlets connected together; . 
a variable restriction connected with the outlet of 
each of Said motors; an adjustable restriction 
connected with the outlet of each of said variable 
restrictions; each of said variable restrictions 
comprising a first and a second fluid operable 
means adapted for urging said restriction into in 
creased or decreased restricting condition respec 
tively; means hydraulically connecting each of 
the first of said fluid operable means with the 
outlet of the associated restrictor; a common 
channel interconnecting all of said second fluid 
Operable means; a check valve connected with the 
outlet of each of said variable restrictions and 
opening into Said channel; and a fluid source con 
nected to supply actuating fluid to said motor in 
lets and having associated therewith flow con 
trolling means connected with said channel for 
varying the supply of fluid to said inlets inversely 
to the pressure in said channel. 

2. In a hydraulic system, a fluid source; a plu 
rality of motors having their inlets connected to 
receive fluid from said source; a variable restric 
tion and an adjustable restriction serially con 
nected in the discharge side of each of said mo 
tors with the variable restriction adjacent said 
motors; opposed fluid operable means for vary 
ing said variable restrictor, one of the fiuid oper 
able means of each of said variable restrictions 
being connected with the outlet thereof and the 
other of said fluid operable means being con 
nected together by a common channel; a check 
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lets operable automatically to maintain the indi 
vidual speeds of said motors substantially constant 
irrespective of the variations in loads thereon, each 
of Said. Control means comprising a variable flow 
restricting means and a restrictor connected be 
tween a motor outlet and exhaust in the order 
named, fluid Operable means responsive to the 
discharge pressure of each variable flow restrict 
ing means for increasing the restriction thereof, 
other fluid operable means for decreasing the re 
striction of said variable flow restricting means, 
and means of selectively and continuously con 
necting said other fluid operable means with the 
inlet of the restrictor having the highest inlet 
pressure. * 

5. In a fluid operable system; a plurality of 
fluid operable motors having inlets and outlets; 
a fluid source of variable delivery connected to 
said inlets for Supplying actuating fluid to Said 
motors, yielding means associated with said 
source for continuously urging the same toward 
increased delivery position, fluid operable means 
associated with said fluid source for urging the 
same toward reduced delivery position; control 
means associated with the outlet of each of said 
motors, each of said control means comprising a 
variable choke valve having its inlet connected 
with the outlet of Said notor and an adjustable 
choke connected to the outlet of said variable 
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valve connected with the outlet of each of said 
variable restrictions opening outwardly there. 
from into a second common channel; a choke 
valve interconnecting said channels for supply 
ing pressure fluid from one of the outlets of said 
variable restrictions to said second fluid operable 
means; and fluid pressure responsive flow control 
means for varying the Supply of fluid from said 
Source to said motor inlets connected with said 
Second fluid operable means. 

3. In a hydraulic system; a fluid source of 
vªriable delivery; a plurality of fluid motors hav 
ing their inlets connected for simultaneously re 

65 

70 

75 

choke valve, the outlet of said adjustable choke 
valve being connected with exhaust; a first fluid 
operable area associated With each Of said Vari 
able choke valves for urging the same toward in 
creased restriction position; a second fluid oper 
able area associated with each of Said variable 
choke valves for urging the same toward de 
creased restriction position; means hydraulically 
connecting each of said first fluid Operable areas 
with the outlet of the associated valve; means 
hydraulically connecting all of said second fluid 
operable areas with the fluid operable means as 
sociated with said source; and means for auto 
matically and continuously conducting fluid to 
said fluid operable means and to said second fluid 
operable areas only from the outlet of the varis 
able choke valve having the greatest pressure. 



11. 
6. In a fluid operable system, a plurality of 

fuid operable motors having inlets and outlets, 

3,415,608 
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of lesser restriction for permitting the exhaust of 
fluid from said fluid pressure responsive means to 

a variable delivery pump connected with Said in 
lets for supplying actuating fluid to said notors, 
fluid pressure responsive means associated with 
said pump and operable in response to a prede 
termined pressure to move said pump toward de 
creased delivery position; a flow control means 
associated with each of said motor outlets, each 
of said flow control means comprising a variable 
choke valve and an adjustable choke valve, said 
variable choke valve having its inlet connected 
with the exhaust of the associated motor and its 
outlet connected to the inlet of said adjustable 
choke valve and the outlet of said adjustable 
choke valve being connected with exhaust; a first 
and a second opposed area associated with Said 
variable choke Valve for moving the same, respec 
tively, into increased or decreased restriction po 
sition; means hydraulically connecting the first 
of said areas with the outlet of said variable choke 
valve; a check Valve Opening from each of said 
variable choke outlets into a common channel, a 
choke valve having its inlet connected to said 
channel and its outlet connected with said Second 
areas and with said fluid pressure responsive 
eaS 
7. In a fluid operable system, a plurality of fluid 

operable motors having inlets and outlets, a 
variable delivery pump connected with said in 
lets for supplying actuating fluid to said motors, 
fluid pressure responsive means associated with 

???t said pump to move to full delivery posi 
O 
8. In a fluid Operable system; a plurality of 

fluid operable motors having inlets and outlets, 
a fluid source for supplying fluid to said inlets; 
individual flow control means connected with the 

O 
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outlet of each of said motors for controlling the 
Speed of said motors and each comprising a vari 
able flow restricting means connected with the 
notor outlet and a choke between the variable 
flow restricting means and exhaust; each of said 
variable flow restricting means being responsive 
to increases in pressure at its discharge side for 
moving to increased restriction position, and also 
being continuously responsive to the highest pres 
sure at any of said chokes för moving toward de 
creased restriction position. 

9. In a fluid operable system; a plurality of 
- fluid motors; each of said motors having a vari 
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said pump and operable in response to a prede 
termined pressure to move said pump toward de 
creased delivery position; a flow control means 
associated with each of said motor Outlets, each 
of said flow control means comprising a variable 
choke valve and an adjustable choke valve, said: 
variable choke valve having its inlet connected 
with the exhaust of the associated motor and its 
outlet connected to the inlet of said adjustable 
choke valve and the outlet of said adjustable 
choke valve being connected with exhaust; a first 
and a second Opposed area associated with said 
variable choke valve for moving the same, respec 
tively, into increased or decreased restriction po 
sition; means hydraulically connecting the first 
of said areas with the outlet of said variable 
choke valve; a conduit connecting said second 
areas with said fluid pressure responsive means; 
check valves connected to open from each of the 
outlets of said variable choke valves into said con 
duit for supplying actuating fluid to said second 
areas and to said fluid pressure responsive means; 
and bypass means adapted for being made effec 
tive in response to the positioning of any of said 
variable choke valves in a predetermined position 
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able flow restricting means connected with its 
outlet, and each of said flow restricting means 
having a choke connected with its outlet; means 
responsive to the discharge pressure of each of 
Said flow restricting means for increasing the 
effect thereof; means continuously and selectively 
responsive to the highest pressure at the inlet of 
any of Said chokes for decreasing the effects of 
said flow restricting means; fluid supply means 
for supplying actuating fluid to the inlets of said 
motors; and flow controlling means for said fluid 
supply means connected to be responsive to said 
last mentioned pressure. 

: JOHAN A. MULLER. 
WARREN R. TUCKER. 
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