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[57] ABSTRACT 
A ?uid system having a variable displacement pump 
?uidly connected through valving means to a ?uid lin 
ear actuator in such a manner that ?uid pressure di 
rected to one portion of the linear actuator causes ex 
pansion thereof at a selected rate, while ?uid pressure 
directed to another portion of the linear actuator 
causes contraction thereof at the same rate. The ?uid 
linear actuator comprises a main ?uid cylinder having 
a piston reciprocably mounted therein, with a piston 
rod extending from one side of the piston and exter 
nally of the main ?uid cylinder. The piston divides the 

main ?uid cylinder into expansible pressure chambers, 
one of which is exposed to the rod carrying side of the 
piston to generate a force thereagainst when pressur 
ized to move the piston in one direction, while the op 
posite side of the piston is exposed to the pressure of 
the?uid in the other pressure chamber which exerts a 
force to move the piston in an opposite direction. A 
secondary ?uid cylinder is carried by the main ?uid 
cylinder with the longitudinal axes of the secondary 
and main ?uid cylinders being radially spaced and par 
allel to one another. The secondary cylinder has a pis 
ton reciprocably mounted therein forming one pres 
sure chamber on the side of the piston in which a sec~ 
0nd piston rod is mounted and which piston rod ex~ 
tends from the secondary cylinder for connection with 
the piston rod of the main ?uid cylinder, such that the 
main cylinder piston and the secondary piston recipro~ 
cate together as a unit. The effective pressure respon 
sive area of the side of the piston in the main cylinder 
opposite the rod carrying side thereof is substantially 
equal to the sum of the effective pressure responsive 
area of the rod side of the piston in the main cylinder 
and the effective pressure responsive area of the rod 
side of the piston within the secondary cylinder, such 
that the force generated against the two pistons for 
moving the pistons in one direction is equal to the 
force exerted against the pistons for moving the same 
in the opposite direction. Valving means are provided 
for interconnecting the pressure chambers associated 
with both the main and secondary ?uid cylinders so 
that the rate of expansion and contraction of the cylin 
ders may be selectively increased as the force exerted 
on the pistons is decreased and vice versa to provide a 
?uid linear actuator having a wide speed~force range. 

10 Claims, 4 Drawing Figures 
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FLUID SYSTEM 

BACKGROUND OF THE INVENTION 
1. Field of the Invention 
The present invention relates to ?uid systems and, in 

particular, to a ?uid system employing a ?uid linear ac 
tuator so constructed that the forces generated for ex 
panding and contracting the actuator are equal. 

2. Description of the Prior Art 
In ?uid systems utilizing a variable displacement 

pump and a fluid cylinder for operation over a wide 
range of speeds, the variable force from the ?uid cylin 
der is always constant and at a value that is determined 
by a relief valve setting and the area of the piston within 
the ?uid cylinder. Since horsepower is a function of 
speed, force, and a constant, the horsepower character 
istics of such a system will increase with an increasing 
speed, whereas, in most applications the load horse 
power requirements generally remain constant even 
with increases and decreases in speed. Since it is a con 
ventional practice to base the design of a system upon 
the horsepower needed to drive the system pump at 
maximum speed and pressure ratings rather than the 
load power requirements, the system may be over 
designed as the load power requirements may never ap 
proach the value of the maximum pump speed and 
pressure rating. For example, in a milling machine the 
force requirement decreases as the cutting speed in 
creases for a given material, and thus, the load horse 
power requirements for such an application may be al 
most constant. This characteristic can of course be eas 
ily matched by a constant displacement pump and a 
variable displacement rotary motor, however, since the 
linear operation of a fluid cylinder is required in many 
applications and there is no such thing as a continu 
ously variable area cylinder, the system must be over 
designed to provide the necessary characteristics. If a 
continuously variable area cylinder were available, the 
system employing such a cylinder would require a 
pump of considerably less output than a ?xed area cyl 
inder for the same speed range. 

It would therefore be desirable to provide a linear ac 
tuator in which the rate of expansion and/or contrac 
tion thereof may be varied with a corresponding in 
crease or decrease in the force characteristics of the ac 
tuator, and which actuator has speed~force characteris 
tics approaching the heretofore unavailable continu 
ously variable area ?uid cylinder. 

SUMMARY OF THE PRESENT INVENTION 

The present invention, which will be described subse 
quently in greater detail, comprises a linear actuator 
with a main ?uid cylinder having a main piston recipro 
cably mounted therein dividing the main cylinder into 
two pressure chambers. The main piston carries a rod 
extending through one of the pressure chambers and 
externally of the ?uid cylinder to reciprocally drive an 
external load. A secondary cylinder, ?xedly attached to 
the main cylinder, has a secondary piston reciprocably 
mounted therein and forming a pressure chamber. A 
piston rod, extending from ‘ the secondary piston 
through the last mentioned pressure chamber, is opera 
bly coupled to the main cylinder piston rod, such that 
the main and secondary pistons move as a unit. 
The effective pressure responsive area of the side of 

the main piston opposite the rod side thereof is equal 
to the sum of the effective pressure responsive area of 
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2 
the rod side of the main piston and the effective pres 
sure responsive area of the rod side of the secondary 
piston, such that the force for expanding the linear ac“ 
tuator is equal to the force for contracting the linear ac 
tuator. The secondary and main cylinders are con 
nected to one another such that their longitudinal axes 
are radially spaced from and are parallel to one an 
other. Suitable valving means are provided for inter 
connecting the pressure chambers of the main and sec 
ondary cylinders so as to provide, in effect, a variable 
area linear actuator. 

It is therefore an object of the present invention to 
provide a ?uid system having a new and improved lin 
ear actuator which has a wide speed-force range. 
Other objects, advantages, and applications of the 

present invention will become apparent to those skilled 
in the art of ?uid systems and linear actuators when the 
accompanying description of some examples of the 
best modes contemplated for practicing the invention 
is read in conjunction with the accompanying drawing. 

BRIEF DESCRIPTION OF Til-IE DRAWING 

The description herein makes reference to the ac 
companying drawing wherein like reference numerals 
refer to like parts throughout the several views, and in 
which: 
FIG. 1 is a schematic circuit diagram of a ?uid system 

illustrating a preferred embodiment of the present in 
vention; 
FIG. 2 is a schematic circuit diagram illustrating an~ 

other example of the present invention; 
FIG. 3 is a schematic circuit diagram illustrating yet 

another example of the present invention; and 
FIG. 4 is a fragmentary view of the circuit illustrated 

in FIG. 3 incorporating a modi?cation of the present 
invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Referring now to the drawing and, in particular, to 
FIG. ll, there is illustrated a schematic circuit diagram 
of a ?uid system Ill) incorporating the principles of the 
present invention and comprising a reversible, variable 
displacement pump 12 which may be preferably of the 
axial piston type having port connections 14 and 16, 
either of which may be an inlet port or an outlet port 
depending upon the direction of ?ow from the revers 
ible, variable displacement pump 12. The port connec 
tions 14 and 16 of the pump 12 are, respectively, ?uidly 
connected to a linear actuator 18 by main conduits 20 
and 22. 
The linear actuator 18 comprises: a main ?uid cylin 

der 24 formed from an enclosed cylindrically shaped 
tubular member 26, the interior of which forms a longi 
tudinal bore 28 within which is reciprocably mounted 
a piston 30. Piston 30 divides the bore 28 into two ex 
pansible pressure chambers 32 and 34. The side 36 of 
the piston 30 exposed to the pressure of the ?uid within 
the expansible pressure chamber 34 has a piston rod 38 
which extends therefrom and externally of the main 
?uid cylinder 24 through an aperture 40 in one of the 
closed ends of the cylinder 24. When the pressure 
chamber 34 is communicated to a source of ?uid pres 
sure, such as the pump 12, the pressure of the ?uid 
within the chamber 34 exerts a force against the annu 
lar surface of piston side 36, which moves the piston 30 
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leftwardly as viewed in FIG. 1, so as to contract the 
main ?uid cylinder 24. When the pressure chamber 32 
is communicated to the high pressure side of pump 12, 
the pressure of the ?uid within the chamber 32 exerts 
a force against the piston side 42 to move the piston 30 
to the right as ‘viewed in FIG. ll, so as to expand the 
main ?uid cylinder 24. 
The linear actuator 18 further comprises a secondary 

?uid cylinder 44 formed from an enclosed tubular 
member 46 having an internal bore 48, within which is 
reciprocably mounted a piston 50 which, in turn, di 
vides the interior bore 48 into two expansible chambers 
52 and 54. One side 56 of the piston 50 has a piston rod 
58 extending therefrom and externally of the ?uid cyl 
inder 44 through an aperture 60 in one of the closed 
ends of the member 46. The external ends of the piston 
rods 38 and 58 are coupled to one another by a con 
necting member 62, such that both pistons 30 and 50 
reciprocate together as a unit. The side 56 of the piston 
50 is adapted to be communicated to ?uid pressure to 
exert a force on the piston 50 so as to move the same 

leftwardly as viewed in FIG. 1, while the chamber 52 
on the opposite side of the piston 50 is normally vented 
to the atmosphere through vent aperture 64 or option 
ally the chamber 52 may be connected to a reservoir 
(not shown). 
The pump port connection 14 is connected to the 

pressure chamber 32 of the main ?uid cylinder 24 by 
the conduit 20. The port connection 14 may also be 
connected to the pressure chamber 34 via conduits 66 
and 22 when on-off valves 70 and 72 are opened. A 
branch conduit 74, connected to the conduit 66 inter 
mediate the on-off valves 70 and 72, permits ?uid com 
munication between the pump port connection 14 and 
the secondary cylinder chamber 54 when the on-off 
valve 70 and an on-off valve 76 in conduit 74 are both 
opened. 
Conduit 22 communicates the port connection 16 of 

the pump 12 to the main cylinder pressure chamber 34 
through another on-off valve 78,'while a branch con’ 
duit 80 communicates the secondary cylinder chamber 
54 to the port connection 16 via an on-off valve 82. As 
will be explained in greater detail hereinafter, the pump 
port connections 14 and 16 may be ?uidly connected 
to any of the pressure chambers 32, 34 and/or 54 by 
proper manipulation of the on-off valves 70, 72, 76, 78 
and 82. 
A shuttle relief valve 84 of a conventional construc 

tion is provided between conduits 20 and 22 so that ir 
respective of which pump port connection 14 or 16 
high pressure ?uid is being delivered from, any exces 
sive ?uid in the system 10 will be exhausted back to the 
low pressure side of the pump 12 so as to prevent over 
pressurization of the system 10. 
The effective pressure responsive area of the piston 

side 42 exposed to the ?uid pressure communicated to 
the main pressure chamber 32 is equal to the sum of the 
pressure responsive area of piston side 36 exposed to 
the pressure of the ?uid within the main pressure cham 
ber 34 and the effective pressure responsive area of the 
piston side 56 exposed to the ?uid in the secondary 
pressure chamber 54, such that when ?uid under pres 
sure is communicated to the pressure chamber 32 a 
force of a predetermined magnitude will be exerted 
against the piston 30 to shift the piston rightwardly as 
viewed in FIG. 1 and expand the linear actuator 18. 
When fluid at the same pressure is communicated to 
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4 
both pressure chambers 34 and 54, a combined force 
is generated against the pistons 30 and 50, which force 
tends to move the pistons leftwardly and contract the 
linear actuator 18. That is, the force exerted on the sur 
face 42 of the piston 30 to expand the linear actuator 
18 is substantially equal to the sum of the forces ex 
erted against the piston sides 36 and 56 to contract the 
linear actuator 18. 
By properly controlling the amount of ?uid commu 

nicated from the pump 12 to the pressure chambers 32, 
34 and 54, the rate of movement of the pistons 30 and 
50 rightwardly or leftwardly, that is the expansion and 
contraction of the pistons in the ?uid cylinders 24 and 
44 as well as the net force acting on the pistons 30 and 
50, can be varied over a wide speed-force range. 
For example, when the on-off valves 70 and 82 are 

both closed and the on—off valves 72, 76 and 78 are 
opened, ?uid pressure is delivered from the pump 12 
through the port connection 14 to the pressure cham 
ber 32 of the main ?uid cylinder 24, while the pressure 
chambers 34 and 54 are exhausted to the port connec~ 
tion 16, thereby forming a closed loop circuit, that is 
the amount of ?uid delivered from pump 12 to cham 
ber 32 equals the amount of ?uid exhausted from 
chambers 34 and 54 back to pump 12. It can thus be 
seen that during expansion of the linear actuator 18 the 
full pressure responsive area of the piston side 30 is ex 
posed to ?uid pressure, generating a maximum force 
and requiring a maximum flow of ?uid to move the 
same, and thus the linear actuator 18 will expand at a 
relatively low rate while generating a maximum output 
force. When the variable displacement pump is re 
versed so that high pressure ?uid is delivered from the 
port connection 16 to the pressure chambers 34 and 
54, a maximum force is exerted on the pistons 30 and 
50 to cause contraction of the linear actuator 18. 
When, for example, on-off valves 72 and 82 are both 

closed while on-off valves 70, 76 and 78 are opened, 
?uid pressure delivered from the connection port 14 of 
pump 12 will be communicated to both pressure cham 
bers 32 and 54, while the chamber 34 is exhausted back 
to the pump 12 via port connection 16. It can thus be 
seen that the net force differential acting on the two 
pistons 30 and 50 to cause expansion of the device will 
be equal to the difference between the effective area of 
the main piston side 42 and the area of the secondary 
piston side 56. Since the area of piston side 56 is equal 
to the cross-sectional area of the main piston rod 38, 
the net effective responsive area tending to expand the 
linear actuator 18 will be equal to the area of the piston 
side 42 minus the area of the main piston rod 38. Thus, 
an intermediate force for expanding the actuator 18 
may be obtained. Since chambers 32 and 54 are in 
communication and chamber 54 is being contracted as 
chamber 32 is expanded, the ?uid in chamber 54 will 
?ow into chamber 32, which results in a faster rate of 
expansion of the actuator 18. When the ?ow from the 
pump 12 is reversed, ?uid pressure will be communi 
cated to chamber 34 to contract the actuator 18 at the 
same rate and at the same force as during expansion, 
while the pressure chamber 32 is exhausted to the 
pump 12 and chamber 54. It should be noted that as the 
pistons 30 and 50 are being stroked to expand the actu 
ator 18, the ?uid within the pressure chamber 54 is 
being compressed and cycled into chamber 32, and 
when the actuator 18 is being contracted and the pres 
sure chamber 32 is being contracted, a portion of the 
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?uid is returned to pressure chamber 54 as the same is 
being expanded, whereby a smaller volume of ?uid is 
required from the pump 12, thereby increasing both 
the speed of contraction and expansion of the actuator, 
while the output force is decreased. 
When the on-off valves 76 and 78 are closed and the 

on-off valves 70, 72 and 82 are opened, ?uid under 
pressure will be delivered from port connection 14 to 
both chambers 32 and 34, while pressure chamber 54 
is being exhausted. Since the net pressure responsive 
area tending to expand the actuator 18 will be equal to 
the cross-sectional area of the piston rod 38, a rela 
tively small force is obtained for expanding the actua 
tor 18. When the piston 30 is moved rightwardly to ex 
pand chamber 32, ?uid from the pressure chamber 34 
is cycled back to the chamber 32, and when the piston 
30 is moved leftwardly to contract chamber 32, ?uid 
from chamber 32 will be directed to both the chamber 
34 and the pump 12, such that the amount of ?uid 
being directed to and from the pump 12 is equal during 
both the expansion and the contraction phases of the 
actuator. Since a small volume of ?uid is required from 
the pump 12, the actuator 18 will expand and contract 
at a substantially greater velocity than in the heretofore 
described examples, while the force imparted by the 
actuator will be reduced to a minimum. 
Referring now to FIG. 2 there is illustrated another 

example of the present invention in the form of a ?uid 
system 89 comprising a ?uid linear actuator 90 having 
the same components as the actuator 18 and which 
components are designated by the same reference nu 
merals as the actuator 18 illustrated in FlG. 1. The ac 
tuator 90 is illustrated as comprising the main cylinder 
24 and two secondary cylinders 44 and 44', the piston 
rods 58 and 58' of which are coupled to the main piston 
rod 38 by connecting member 62, such that the pistons 
50 and 50' of the two secondary cylinders move with 
main piston 30 as a unit. The effective pressure respon 
sive area of the piston side 42 is substantially equal to 
the sum of the pressure responsive areas of the main 
piston side 36 and the piston sides 56 and 56’ of the two 
secondary pistons 50 and 50’, respectively. In the em 
bodiment illustrated in FIG. 2, the pressure chamber 34 
is in constant ?uid communication with the two secon 
dary pressure chambers 54 and 54' via apertures 92 
and 93 extending through the walls of the tubular mem 
bers 26, 46' and 46. _ 
The port connections 14 and 16 of the pump 12 are 

respectively connected by conduits 93 and 95 to the 
port connections of a directional control valve 94 
which is adapted to selectively communicate fluid from 
the port connections 14 and 16 to conduits 96 and 98 
which, in turn, are respectively communicated to the 
main ?uid chamber 32 and the ?uid chambers 34, 54 
and 54' of the actuator 90. In the embodiment illus 
trated, high pressure ?uid is delivered from the unidi~ 
rectional pump 12, through port connection 16. 
Movement of the directional control valve 94 is con 

trolled by a pilot valve 100 having an inlet port in con 
stant communication with the high pressure delivery 
port connection 16 of the pump 12. When the pilot 
valve 100 is shifted to one position, high pressure ?uid 
from the conduit 95 is communicated via a line 101 to 
one side of the directional control valve 94 to shift the 
same, whereby ?uid pressure is communicated to con 
duit 96, while the other conduit 98 is communicated to 
the pump port connection 14. When the pilot valve 100 
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6 
is shifted in the opposite direction, ?uid pressure is 
communicated via line 103 to the opposite side of the 
directional control valve 94 to shift the same in an op 
posite direction, thereby reversing the ?ow of ?uid be 
tween the pump 12 and the actuator 90, that is, ?uid 
pressure from pump port connection 16 is communi 
cated to the conduit 98 while ?uid is returned to pump 
port connection from the conduit 96. A shuttle valve 
97, similar to the hereinbefore described shuttle valve 
84, is provided in the system 89 between conduits 96 
and 98 and functions to prevent over pressurization of 
the actuator 90, and at the same time relieves any ex 
cess ?uid in the event the aforementioned area differ 
entials are not equal due to variations in manufacturing 
tolerances. 
The pilot valve 100 and the directional control valve 

94 are conventional in their construction and operation 
and thus a further detailed description of their con 
struction and operation is not deemed to be necessary. 
The conduits 96 and 98, respectively, have pilot op 

erated check valves 102 and 104 and the conduit 96 is 
provided with a sequence valve 105 intermediate the 
check valve 102 and the chamber 32. The check valve 
102 and the sequence valve 105 permit unrestricted 
?ow from the pump 12 through directional control 
valve 94 and conduit 96 to the pressure chamber 32, 
wherein the pressure exerts a force on the piston 30 to 
move the same rightwardly (as viewed in H6. 2) to ex 
pand the ?uid cylinders, while the check valve 104 per 
mits unrestricted flow from the pump 12 through direc~ 
tional control valve'94 and conduit 98 to the pressure 
chambers 34, 54 and 54', wherein the pressure exerts 
a force on the piston 30, 50 and 50’ to move them left 
wardly (as viewed in FIG. 2) to retract the pistons in 
the ?uid cylinders. However, the check valves normally 
function to prevent the flow of fluid through conduits 
96 and 98 from the pressure chambers back to the 
pump 12. In order to permit a backflow from the actua 
tor to the pump 12 through-either of the check valves 
102 or 104, the pilot portions thereof are respectively 
communicated via lines 106 and 108 to the high pres 
sure outlet lines 103 and 101 of the pilot valve 100, 
such that when the valve 100 is shifted in a manner to 
communicate pressure via line 101 to one side of the 
directional control valve 94 to actuate the same so as 
to communicate high pressure ?uid from the pump 12 
to the conduit 96, the pilot check valve 104 is opened 
by the pressure ?uid from line 101 and permits the ?uid 
in conduit 98 to flow from the pressure chambers 34, 
54 and 54’ back to the pump port connection 14; 
whereas when the pilot valve 106 is shifted in the oppo 
site direction so as to communicate pressure ?uid via 
line 103 to the directional control valve 94 to actuate 
the same so as to communicate-pressure ?uid from 
pump 12 to chambers 34, 54 and 54’ via conduit 98, 
the check valve 102 is opened by pressure from line 
103 and permits the ?uid in conduit 96 to ?ow from 
pressure chamber 32 back to pump 12. When the sys 
tem 89 is not being operated but the actuator 90 is re~ 
quired to hold a load in a ?xed, for example a vertical 
or raised position, the check valves 102 and 104 will 
remain closed and thus function to provide a positive 
hold of the position of the actuator 90 since the ?uid 
within the chambers 32, 34, 54 ‘and 54' is trapped 
therewithin and the pistons are restrained from recipro 
cal movement, whereby the position of the load held by 
the actuator 90 is fixed. 
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Referring now to FIG. 3 wherein there is illustrated 
a schematic circuit diagram of a ?uid system 110 em-~ 
bodying a third example of the present invention and 
comprising a linear actuator 112, which is the same as 
the linear actuator 18 disclosed in FIG. 1, and the cor 
responding elements of both actuators 18 and 112 are 
identi?ed by the same numeral designations. The pump 
12 is of the reversible, variable displacement type hav 
ing the outlet connection ports 14 and 16 respectively 
in ?uid communication with the pressure chambers 32 
and 34 of the main cylinder 24 via conduits 114 and 
116. Conduit 114 also communicates with a variable 
displacement motor 118 via a branch conduit 120, 
while the conduit 116 communicates with a second 
variable displacement motor 122 via a second branch 
conduit 124. The outlet ports of the variable displace 
ment motors 118 and 122 communicate with each 

. other and to the pressure chamber 54 of the secondary 
cylinder 44 via conduit 126. 
The variable displacement motors 118 and 122 are 

coupled to each other by a suitable mechanical cou 
pling means 128 in such a manner that as the displace 
ment of the variable displacement motor 118 is in 
creased the displacement of the variable displacement 
motor 122 is decreased, and vice versa. 
An example of constructing the variable displace 

ment motors 118 and 122 to achieve a synchronized 
operation is illustrated in FIG. 4 as comprising a unitary 
housing construction 140 having a longitudinal bore 
142 enclosed at its opposite ends by valve plates 144 
and 146 that de?ne the inlets and outlets of the motors 
118 and 122, respectively, and which communicate in 
the conventional manner with a plurality of arcuately 
spaced, parallel cylinder bores 148 and 149 respec 
tively formed in a pair of axially spaced cylinder barrels 
150 and 152 respectively. The cylinder barrels 150 and 
152 are rotatably mounted on a common shaft 154 
which, in turn, is rotatably supported at its opposite 
ends by bearings 156 and 158 carried in the valve 
plates 144 and 146, respectively. The cylinder barrel 
150 has a plurality of pistons 160 reciprocably 
mounted within each of the cylinder barrel bores 148, 
with the outer ends of each of the pistons slidably en 
gaging a thrust bearing surface 162 formed on‘ one side 
of a triangularly shaped thrust block 163 which is 
adapted to rotate about an axis 164 that is transversely 
disposed with respect to the axis of rotation of the cyl 
inder barrels 150 and 152. Similarly the cylinder barrel 
152 has a plurality of pistons 166 reciprocably 
mounted within each of the cylinder barrel bores 149 
with each piston 166 having outer ends that slidably en 
gage a thrust bearing surface 168 formed on another of 
the triangular sides of the thrust block 163. As can be 
seen with reference to FIG. 3, as the thrust block 163 
is rotated about the axis 164 to incline the thrust bear 
ing surface 168 with respect to the axis of rotation of 
the cylinder barrel 152, the displacement of the motor 
122 is increased, while at the same time the thrust bear 
ing surface 162 is rotated toward a position wherein it 
lies in a plane that is perpendicular to the longitudinal 
axis of the cylinder barrel 150 and thus decreases the 
stroke of the pistons 160 therewithin and thus de 
creases the displacement of the motor 118. Similarly 
when the thrust block 163 is rotated in an opposite di 
rection the displacement of the motor 118 is increased 
while the displacement of the motor 122 is decreased. 
If the swash block is made symmetrical, the displace 
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8 
ment of one of the motors will be decreased in propor 
tion to the increase of the displacement of the other 
motor and thus the synchronized manner of operation 
hereinbefore described can be easily achieved. 

In operation, the displacements of the variable dis 
placement motors 1 18 and 122 are preset to allow ?uid 
to ?ow through at a predetermined rate. If, for exam 
ple, the volume of the pressure chamber 32 is adapted 
to receive 14 cubic inches of ?uid, while the volume of 
the chamber 34 is adapted to receive 4 cubic inches, 
the effective rate of expansion and contraction of the 
chambers may be selectively varied over a wide range 
in the following manner. For example, when the pump 
12 is delivering 10 cubic inches per second and the 
variable displacement motor 118 is permitting 4 cubic 
inches of ?ow therethrough as the chamber 54 is com 
pressed, that is, chamber 32 is expanding, a total of 14 
cubic inches per second would be delivered to the 
chamber 32 and the pistons would advance 1 inch. 
However, if the variable displacement motor 118 is 
preset to permit only 1 cubic inch of ?ow between the 
chambers 54 and 32, the pistons will advance only a 
distance of 0.786 inch. In this condition, the variable 
displacement motor 122 must deliver 2.14 cubic 
inches, which in combination with the 7.86 cubic 
inches of ?uid exhausted from chamber 34 provides a 
total of 10 cubic inches per second of ?uid to the pump 
and thus the amount of fluid delivered to the pump 12 
is equal to the output. 

It can be seen that by decreasing the displacement of 
the motor 118 to values less than 4 cubic inches, while 
increasing the displacement of the variable displace 
ment motor 122 up from a zero displacement to a total 

of 4 cubic inches, the rate of expansion or contraction, 
depending upon the direction of ?ow of pressure ?uid 
from pump 12, may be selectively varied over the en 
tire ?ow range of the actuator 112. 

It can thus be seen that the present invention has pro 
vided a ?uid system which utilizes a main ?uid cylinder 
in conjunction with one or more secondary ?uid cylin 
ders and in which the effective pressure responsive area 
for expansion of the cylinders is equal to the effective 
pressure responsive areas for contraction of the cylin 
ders and in which the rate of ?ow of ?uid and force ex 
erted by the ?uid cylinders may be varied over a wide 
range of operation. 
Although several embodiments of the present inven 

tion have been disclosed, it is to be understood by those 
skilled in the art of ?uid systems that other embodi 
ments may be had and modi?cations may be made to 
the present systems without departing from the spirit of 
the invention or from the scope of the appended 
claims. 
What is claimed is as follows: 
1. A ?uid system comprising: 
a ?rst tubular member having an internal bore closed 

at its opposite ends; 
a piston reciprocally mounted within said bore and 
dividing said bore into two expansible pressure 
chambers; 

a piston rod carried on one side of said piston and ex 
tending externally of said tubular member through 
one of said closed ends; 

?rst valve means for communicating ?uid pressure to 
the pressure chamber associated with the rod side 
of said piston to generate a force against said piston 
to move same in one direction; 
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second valve means for communicating ?uid pres 
sure to the pressure chamber on the side of said pis 
ton opposite said rod to generate a force against 
said piston to move said piston in an opposite direc 
tion; ' 

a second tubular member having an internal bore 
closed at one end, said second tubular member 
having a longitudinal axis radially spaced from and 
parallel to the longitudinal axis of said ?rst tubular 
member; 

a second piston reciprocally mounted within said sec 
ond tubular member bore and de?ning an expansi 
ble pressure chamber; ' 

a piston rod carried on one side of said second piston 
and extending through the pressure chamber of 
said second tubular member and externally of said 
second tubular member through said closed end; 

means for connecting the extended external ends of 
said piston rods such that said pistons reciprocate 
together; ’ 

third valve means for communicating a pressure ?uid 
to the pressure chamber of said second tubular 
member for exerting a force on the rod side of said 
second piston for moving said second piston in one 
direction; 

the effective pressure responsive areas of the rod 
sides of said ?rst mentioned piston opposite said 
rod being substantially equal to the sum of the ef 
fective pressure responsive areas of the rod sides of 
said ?rst mentioned piston and said second piston; 

a ?uid pump having an outlet for delivering ?uid 
under pressure at a selected rate of ?ow and an 
inlet for receiving ?uid at the same selected rate of 
?ow; ‘ . 

said ?rst and second valve means being adapted to, 
?rst, communicate said pump outlet to the rod side 
pressure chambers of said ?rst tubular member and 
said second tubular member, while communicating 
said pump inlet to the pressure chamber of said 
?rst tubular member opposite said rod for moving 
said ?rst and second pistons in said one direction 
at a predetermined velocity and with a predeter 
mined force; 

said ?rst and second valve means being adapted to, 
second, communicate said pump outlet to the pres 
sure chamber of said ?rst tubular member opposite 
said rod and to communicate said pump inlet to the 
rod side pressure chambers of said ?rst tubular 
member and said second tubular member for mov 
ing said ?rst and second pistons in said opposite di 
rection at said predetermined velocity and with a 
said predetermined force. 

2. A ?uid system comprising: 
a ?rst tubular member having an internal bore closed 

at its opposite ends; 
a piston reciprocally mounted within said bore and 
dividing said bore into two expansible pressure 
chambers; 

a piston rod carried on one side of said piston and ex 
tending externally of said tubular member through 
one of said closed ends; 

?rst valve means for communicating ?uid pressure to 
the pressure chamber associated with the rod side 
of said piston to generate a force against said piston 
to move same in one direction; 

second valve means for communicating ?uid pres 
sure to the pressure chamber on the side of said pis 
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ton opposite said rod to generate a force against 
said piston to move said piston in one direction; 

second valve means for communicating ?uid pres 
sure to the pressure chamber on the side of said pis 
ton opposite said rod to generate a force against 
said piston to move said piston in an opposite direc 
tion; 

a second tubular member having an internal bore 
closed at one end, said second tubular member 
having a longitudinal axis radially spaced from and 
parallel to the longitudinal axis of said ?rst tubular 
member; 

a second piston reciprocally mounted within said sec 
ond tubular member bore and de?ning an expansi 
ble pressure chamber; 

a piston rod carried on one side of said second piston 
and extending through the pressure chamber of 
said second tubular member and externally of said 
second tubular member through said closed end; 

means for connecting the extended external ends of 
said piston rods such that said. pistons reciprocate 
together; 

third valve means for communicating a pressure ?uid 
to the pressure chamber of said second tubular 
member for exerting a force on the rod side of said 
second piston for moving said second piston in one 
direction; 

the effective pressure responsive areas of the rod 
sides of said ?rst mentioned piston opposite said 
rod being substantially equal to the sum of the ef 
fective pressure responsive areas of the rod sides of 
said ?rst mentioned piston and. said second piston; 

the rod side pressure chamber ‘of said ?rst tubular 
member being in constant ?uid communication 
with said second tubular member pressure cham 
her; 

.a ?rst conduit means connecting said second valve 
means to the pressure chamber‘ of said ?rst tubular 
member opposite said rod; 

second conduit means connecting the rod side pres 
sure chamber of said ?rst tubular member and the 
pressure chamber of said second tubular member 
to said ?rst valve means; 

said ?rst and second valve means being adapted to 
selectively direct ?uid under pressure to one of said 
conduit means while exhausting ?uid pressure from 
the other of said conduit means; 

check valve means disposed in each of said conduit 
means for normally preventing ?ow from said pres 
sure chambers to said ?rst and second valve means, 
said check valve means being responsive to open 
and permit ?uid to ?ow from said pressure cham 
bers through their associated conduits when said’ 
?rst and second valve means are actuated to direct 
?uid pressure to the other of said conduits. r 

3. The ?uid system de?ned in claim 1 wherein said 
?rst and second valve means are further adapted to 
communicate said pump outlet to the rod side pressure 
chambers of said ?rst tubular member and said second 
tubular member while the pressure chamber opposite 
said rod of said ?rst tubular member is communicated 
to said pump inlet to exert a second force on said piston ' 
of a lesser value than said ?rst predetermined value and 
to move said pistons in said one direction at a second 
velocity greater than said predetermined velocity but 
with the same volume of ?uid from said pump; and said 
?rst and second valve means being adapted to connect 
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the outlet of said ?uid pump to said pressure chamber 
of said ?rst tubular member opposite said rod, while 
communicating the inlet of said pump to the rod side 
pressure chambers of said ?rst tubular member and 
said second tubular member to move said piston in said 
other direction at the said second velocity and with said 
second force. 

4. The ?uid system de?ned in claim 1 wherein said 
?rst and second valve means are further adapted to 
communicate said pump outlet to both ?uid pressure 
chambers of said ?rst tubular member and communi 
cate said inlet of said pump to said second tubular 
member pressure chamber to move said piston in said 
one direction at a second velocity greater than said pre— 
determined velocity and a second force less than said 
predetermined force, and said ?rst and second valve 
means being adapted to communicate the outlet of said 
pump to said second tubular member pressure chamber 
while communicating the inlet of said pump to both 
pressure chambers of said ?rst tubular member to 
move said pistons in said other direction at said second 
speed and second force. 

5. A ?uid system comprising: 
a ?rst tubular member having an internal bore closed 

at its opposite ends; 
a piston reciprocally mounted within said bore and 

dividing said bore into two expansible pressure 
chambers; 

a piston rod carried on one side of said piston and ex 
tending externally of said tubular member through 
one of said closed ends; 

?rst valve means for communicating ?uid pressure to 
the pressure chamber associated with the rod side 
of said piston to generate a force against said piston 
to move same in one direction; 

second valve means for communicating ?uid pres 
sure to the pressure chamber on the side of said pis 
ton opposite said rod to generate a force against 
said piston to move said piston in one direction; 

second valve means for communicating ?uid pres 
sure to the pressure chamber on the side of said pis 
ton opposite said rod to generate a force against 
said piston to move said piston in an opposite direc 
tion; - 

a second tubular member having an internal bore 
closed at oneend, said second tubular member 
having a longitudinal axis radially spaced from and 
parallel to the longitudinal axis of said ?rst tubular 
member; 

a second piston reciprocally mounted within said sec 
ond tubular member bore and de?ning an expansi 
ble pressure chamber; 

a piston rod carried on one side of said second piston 
and extending through the pressure chamber of 
said second tubular member and externally of said 
second tubular member through said closed end; 

means for connecting the extended external ends of 
said piston rods such that said pistons reciprocate 
together; 

third valve means for communicating a pressure ?uid 
to the pressure chamber of said second tubular 
member for exerting a force on the rod side of said 
second piston for moving said second piston in one 
direction; 

the effective pressure responsive areas of the rod 
sides of said ?rst mentioned piston opposite said 
rod being substantially equal to the sum of the cf 
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fective pressure responsive areas of the rod sides of 
said ?rst mentioned piston and said second piston; 

a plurality of said second tubular members, each hav 
ing a second piston connected to said ?rst piston, 
the effective pressure responsive area of the side of 
said rod being substantially equal to the sum of the 
effective pressure responsive area of the rod side of 
said ?rst piston and the effective pressure respon 
sive areas of the sides of said second pistons asso 
ciated with said second tubular members. 

6. The system de?ned in claim 2 wherein said check 
valves are pilot operated valves and are operable to 
open in response to a control pressure communicated 
to said ?rst and second valve means. 

7. A linear actuator comprising: 
a ?rst tubular member having an internal bore en 
closed at its opposite ends; 

a piston reciprocally mounted within said bore and 
dividing said bore into two expansible pressure 
chambers; 

a piston rod carried on one side of said piston and ex 
tending through one of said pressure chambers and 
externally of said tubular member to one of said 
closed ends; 

said one pressure chamber being adapted to be com 
municated to a source of ?uid pressure to generate 
a force against the rod side of said piston to move 
same in one direction; 

the pressure chamber opposite said rod being 
adapted to be communicated to said source of ?uid 
pressure to generate a force against the other side 
of said piston to move same in an opposite direc 
tion; 

a second tubular member having an internal bore at 
one end, said second tubular member having a lon 
gitudinal axis radially spaced from and parallel to 
the longitudinal axis of said ?rst tubular member; 

a second piston reciprocably mounted within said 
second tubular member bore and de?ning an ex 
pansible pressure chamber therein; 

a piston rod carried on one side of said second piston 
and extending through said last mentioned pressure 
chamber and externally of said second tubular 
member through said closed end; 

means for connecting the extended external ends of 
said piston rods such that said ?rst and second pis 
tons reciprocate together; 

said second tubular member pressure chamber being 
adapted to be communicated to a source of pres 
sure ?uid to exert a force on the side of said second 
piston carrying said piston rod to move said second 
piston in said one direction; and 

the effective pressure responsive area of the side of 
said ?rst piston opposite said rod being substan 
tially equal to the sum of the effective pressure re 
sponsive areas of the rod side of said ?rst piston 
and the side of said second piston associated with 
said second tubular member pressure chamber, 

said linear actuator further comprising a plurality of 
said second tubular members, each having a sec 
ond piston connected to said ?rst piston, the effec 
tive pressure responsive area of the side of said ?rst 
piston opposite said rod being substantially equal 
to the sum of the effective pressure responsive 
areas of the rod side of said ?rst piston and of the 
rod sides of said second pistons. 

8. A linear actuator comprising: 
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a ?rst tubular member having an internal bore closed 
at its opposite ends; 

a piston reciprocally mounted within said bore and 
dividing said bore into two expansible chambers; 

a piston rod carried on one side of said piston and ex 
tending externally of said tubular member through 
one of said closed ends; 

a second tubular member having an'internal bore 
closed at one end, said second tubular member 
having a longitudinal axis radially spaced from and 
parallel to the longitudinal axis of said ?rst tubular 
member, 

a second piston reciprocally mounted within said sec 
ond tubular member bore and de?ning an expansi 
ble pressure chamber; 

a piston rod carried on one side of said second piston 
and extending through said second tubular member 
pressure chamber and externally of said second tu~ 
bular member through said closed end; 

means for connecting the extended external ends of 
said piston rods such that said pistons reciprocate 
together; 

means for variably supplying ?uid pressure to said 
chambers to thereby vary the force generated by 
said linear actuator said means comprising a ?rst 
and second variable displacement motoring means 
connected with said chambers and control means 
coupling said ?rst and second variable displace 
ment means such that the displacement of one of 
said motoring means is increased as the other of 
saidmotoring means is decreased. 

9. A ?uid system comprising: 
a ?rst tubular member having an internal bore en 
closed at its opposite ends; 

a source of ?uid pressure; 
a piston reciprocally mounted within said bore and 

dividing said bore into two expansible pressure 
chambers; 

a piston rod carried on one side of said piston and ex 
tending through one of said pressure chambers and 
externally of said tubular member to one of said 
closed ends; 

said pressure chamber on the rod side of said piston 
being adapted to be communicated to said source 
of ?uid pressure to generate a force against said 
piston to move same in one direction; 

the pressure chamber on the side of said piston oppo 
site said rod being adapted to be communicated to 
said source of ?uid pressure to generate a force 
against said piston to move same in an opposite di 
rection; 

a second tubular member having an internal bore at 
one end, said second tubular member having a lon 
gitudinal axis radially spaced from and parallel to 
the longitudinal axis of said ?rst tubular member; 

a second piston reciprocably mounted within said 
second tubular member bore and de?ning a second 
expansible pressure chamber therein; 

a piston rod carried on one side of said second piston 
and extending through said second pressure cham 
ber and externally of said second tubular member 
through said closed end; 

means for connecting the extended external ends of 
said piston rods such that said ?rst and second pis 
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tons reciprocate together; 

?rst and second variable displacement motoring 
means, said ?rst motoring means having an inlet 
connected to the pressure chamber on the rod side 
of said ?rst piston and an outlet connected to said 
second pressure chamber, said second motoring 
means having an inlet connected to pressure cham 
ber opposite said rod and an outlet connected to 
said second pressure chamber, displacement con 
trol means coupling said ?rst and second motoring 
means such that the displacement of one of said 
motoring means is increased as the displacement of 
the other is decreased; 

said second tubular member pressure chamber being 
adapted to be selectively communicated to said 
source of pressure fluid through said ?rst and sec 
ond motoring means to exert a force on the rod 
side of said second piston to move said second pis 
ton in said one direction; and 

the effective pressure responsive area of the side of 
said ?rst piston opposite said. rod being substan 
tially equal to the sum of the effective pressure re 
sponsive area of the rod side of said ?rst piston and 
the effective pressure responsive area of said side 
of said second piston associated with said second 
tubular member pressure chamber. 

10. The ?uid system de?ned in claim 9 wherein said 
?rst and second motoring means comprise: 

a housing having a longitudinally disposed bore; 
a pair of axially spaced cylinder barrels rotatably 
mounted about a common axis in said housing 
bore, each of said cylinder barrels having a plural 
ity of arcuately spaced, parallel bores opening to 
the opposite faces of each of said cylinder barrels; 

?rst valving means at one end of said housing bore 
communicating one face of one of said cylinder 
barrels with high and low pressure passages de?n 
ing said ?rst motoring means inlet and outlet; 

second valving means at the other end of said housing 
bore communicating one face of the other of said 
cylinder barrels with high and low pressure pas 
sages de?ning said second motoring means inlet 
and outlet; 

?rst piston means reciprocably mounted in said plu 
rality of bores in said one cylinder barrel and hav 
ing outer ends extending therefrom for engagement 
with a thrust surface, the amount of inclination of 
which controls the amount of displacement of said 
one cylinder barrel and thus the amount of dis 
placement of said ?rst motoring means; 

a second piston means reciprocably mounted in said 
plurality of bores in said other cylinder barrel and 
having outer ends extending therefrom for engage 
ment with a second thrust surface, the amount of 
inclination of ‘which controls the displacement of 
said other cylinder barrel and] thus the displace~ 
ment of said second motoring means, said ?rst and 
second thrust surfaces being formed on the oppo 
site side of a common swash plate adapted to be 
pivoted in one direction to increase the displace 
ment of one of said motoring means while simulta 
neously and in synchronism decreasing the dis 
placement of the other motoring means. 

:I: :9: 1|: m at; 
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