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[57] ABSTRACT 

A ?uid system having. a variable displacement ?uid 
pump connected in a closed loop circuit to a ?uid 
cylinder having a piston and a pair of connecting rods 

extending from opposite sides of the piston externally 
of the ?uid cylinder. A main directional control valve 
disposed in the closed circuit between the inlet and 
outlet of the ?uid pump is adapted to selectively direct 
?uid to one side of the piston within the ?uid cylinder, 
while exhausting ?uid from the other side of the 
piston, to selectively move the piston within the ?uid 
cylinder. The rate of movement of the piston in either 
direction of movement is controlled by the amount of 
?uid displaced by the ?uid pump. 

A second directional control valve is adapted to ?uid 
FLUID from a second source of ?uid to a pressure 
responsive displacement control mechanism to selec 
tively vary the displacement of the ?uid pump 
between a maximum and a minimum value. The rate 
of ?uid ?ow to the pressure responsive displacement 
control mechanism is selectively varied to control the 
rate of displacement of the ?uid pump and to thereby 
selectively control the rate of movement of the 
cylinder piston. 
A remotely controlled pilot operated pressure relief 
valve, having an inlet connection in ?uid communica 
tion with the outlet conduit of the ?uid pump up 
stream from the main directional control valve and an 
outlet connection in ?uid communication with the 
inlet conduit of the ?uid pump between the ?uid 
pump and the main directional control valve, is opera 
le 0 reduce the normal operating pressure in the 

outlet conduit, and thus the operating pressure of the 
?uid in the main ?uid cylinder, to a lower predeter 
mined value when the pressure responsive displace 
ment control mechanism is actuated to vary the dis 
placement of the ?uid pump toward a minimum value. 

8 Claims, 3 Drawing Figures 
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MULTIPLE PRESSURE FLIJID SYSTEM 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

The present application is a continuation-in-part of 
copending Patent Application Ser. No. 50,093, now 
US. Pat. No. 3,653,208 ?led June 26, 1970 and enti 
tled “Fluid System”. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to a fluid system for 

controlling the movement of a ?uid motor and, in par 
ticular, the present invention relates to a closed loop 
hydrostatic system in which the output ?ow of a varia 
ble displacement pump is selectively directed at various 
rates to the opposite sides of a piston within a ?uid 
cylinder and including means for selectively reducing 
the pressure of the ?uid being communicated to one 
side of the ?uid cylinder piston after a predetermined 
amount of movement thereof. 

2. Description of the Prior Art 
Heretofore, numerous ?uid systems have been em 

ployed for controlling the rate of movement of a ?uid 
motor and, particularly, such ?uid systems have found 
extensive use in hydraulic machine tool drive transfer 
systems and the like. Such ?uid systems are used to ac 
celerate and decelerate a ?uid cylinder respectively at 
the beginning and the end of its stroke prior to a feed 
movement. Such previously used ?uid systems have 
normally consisted of a reservoir and a ?uid pump for 
drawing ?uid from the reservoir to supply the ?uid 
cylinder and drive the same at some selected rate of 
movement. ln all but the simplest of ?uid circuits, the 
rate of movement of the ?uid cylinder must be con 
trolled and generally suitable valving means are em 
ployed between the pump and the ?uid cylinder for this 
purpose. When a variable rate control of the ?uid 
cylinder is desired, it is customary to employ either a 
meter-in, a meter-out, or a bleed-off system. Such 
systems generally include a deceleration valve con 
nected in series with the pump and which is actuated by 
the movement of the ?uid cylinder to variably restrict 
or stop the ?uid ?ow between the outlet of the pump 
and the inlet of the ?uid cylinder. When a ?ner rate 
control is desired, a feed control valve connected in 
parallel with the deceleration valve is utilized. The feed 
control valve, which may be of the meter-in or_meter 
out type, controls the rate of ?ow to or from the ?uid 
cylinder and may either be a fine or coarse feed, de-' 
pending on the desired application. lf the feed control 
is of the meter-in type, the rate of ?uid ?ow supplied to 
the ?uid cylinder is controlled. If the ?uid ?ow from 
the device is controlled, the circuit is known as a meter 
out circuit. When a portion of the ?uid supply is 
diverted to a reservoir, the circuit is known as a bleed 
off circuit. ' 

Thus, in the previously used systems, ?uid ?ows 
directly from the pump through a deceleration valve, a 
feed control valve and to the ?uid cylinder. ln such 
systems, if the load greatly varies, the feed control 
valves require pressure compensation. 
Such systems, although commonly used, are difficult 

to adjust and control and, because of the pressure com 
pensation required for variable loads, they have a lower 
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2. 
efficiency than is desirable. Since acceleration and 
deceleration of the ?uid cylinder are accomplished by 
means of a deceleration valve, such acceleration and 
deceleration are not smooth as the deceleration valves 
tend to generate pulsations in the ?uid system which 
can damage the ?uid cylinder and/or the ?uid pump. 
Further, braking of the ?uid cylinder is not possible as 
such ?uid systems are not a closed loop system. 

In numerous applications, such as the aforemen 
tioned transfer systems, the piston within the ?uid 
cylinder is normally subjected to ?uid which is main 
tained at a relatively constant high pressure during both 
the acceleration and the deceleration phases of a typi 
cal transfer cycle. Since the ?uid cylinder transfer 
system must be properly aligned at the end of the 
deceleration cycle to effect the proper transfer of the 
workpieces or the like being carried, a positive stop is 
customarily employed to mechanically stop the ?uid 
cylinder at a precise predetermined position, which is 
achieved by the ?uid cylinder abutting the positive stop 
at the end of the deceleration phase. Since the pressure 
of the ?uid, driving the ?uid cylinder is normally main 
tained at a constant high value, the ?uid cylinder nor 
mally moves against the positive stop with a substantial ' 
force, resulting in a very noisy operation and possible 
damage to the positive stop which, in turn, might result 
in a shut down of the transfer system so as to effect a 
repair, all of which leads to higher production costs. 

In addition, after the ?uid cylinder abuts the positive 
stop in the previously used transfer systems, the high 
pressure acting against the piston in the ?uid cylinder 
holds the ?uid cylinder against the positive stop. ln 
horizontal transfer systems, such a high holding pres 
sure is generally unnecessary and thus results in an un 
needed expenditure of input power with a correspond 
ing reduction in the overall efficiency of the transfer 
system. ' 

It would therefore be desirable to provide an im 
proved ?uid system which has all the advantages of 
previously used ?uid systems without any of the afore 
mentioned disadvantages while providing dynamic 
braking of the ?uid cylinder. 

SUMMARY OF THE INVENTION 

The present invention, which will be described sub 
sequently in greater detail, comprises a multiple pres 
sure ?uid system having a closed loop ?uid circuit for 
selectively connecting the inlet and outlet of a ?uid 
motor to the inlet and outlet of a ?uid pump. The pump 
has separate feed means for varying its displacement 
between a minimum and maximum value so as to 
deliver ?uid to the ?uid motor such that the accelera 
tion and deceleration of the ?uid motor is controlled by 
varying the displacement of the ?uid pump. Means are 
provided for selectively reducing the pressure of the 
?uid being directed to the ?uid motor during decelera 
tion, while providing dynamic braking. 

It is therefore an object of the present invention to 
provide a multiple pressure ?uid system for controlling 
the movement of a ?uid motor which is easily adjusta 
ble and controlled more efficiently than previously 
used control circuits. 

It is also an object of the present invention to provide 
a multiple pressure ?uid system for controlling the rate 
of movement of a ?uid motor in which the system pres 
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sure during acceleration of the ?uid motor is higher 
than the system pressure during deceleration of the 
?uid motor. The ?uid system has a dynamic braking 
capability which in conjunction with the two pressure 
operation results in a smooth positioning of the ?uid 
motor against a positive stop and a reduced power 
input for holding the ?uid motor against the positive 
stop. 

Other objects, advantages, and applications of the 
present invention will become apparent to those skilled 
in the art of ?uid systems when the accompanying 
description of several examples of the best modes con 
templated for practicing the invention is read in con 
junction with the accompanying drawings. 

BRlEF DESCRIPTION OF THE DRAWINGS 

The description herein makes reference to the ac 
companying drawings'in which like reference numerals 
refer to like parts throughout the several drawings and 
in which: 

FIG. 1 is a schematic illustration of a ?uid system of 
the present invention; 

FIG. 2 is a fragmentary schematic illustration of a 
modi?cation of the ?uid system shown in FIG. 1; and 

FIG. 3 is a fragmentary schematic illustration of 
another modi?cation of the ?uid system shown in FIG. 
1. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Referring to the drawings and in particular to FIG. 1, 
there is illustrated a ?uid system 10 comprising a con 
trol circuit 12 and a main circuit 14. The main circuit 
14 comprises a variable displacement-pump 16 con 
nected in closed-loop manner by conduits 18, 20, 22 
and 24 to a main ?uid cylinder 26. Although a ?uid 

' cylinder is shown in the preferred embodiment, it is to 
be understood that other ?uid motors may be used, 
such as but not limited to a rotary actuator or a hydrau 
lic motor. Incorporated in the main circuit 14 is a con 
ventional directional control valve 28 which is adapted 
to connect the conduits l8 and 20 selectively to the 
conduits 22 and 24 or to be positioned tandem-center 
so as to allow communication between conduits 18 and 
20 but to prevent ?uid communication between con 
duits 22 and 24. v 

The pump 16 may be of the well known axial piston 
type, comprising a housing 30 having a cylindrical bar 
rel 32 rotatably mounted therein and suitably con 
nected vto a drive shaft 34. The cylinder barrel 32 is 
formed with a plurality of axial cylinder bores, each 
housing a piston reciprocal therein; only two of the 
bores and pistons being shown and respectively in 

' dicated by the numerals 36 and 38. Each piston 38 has 
a spherical outer end portion 40 carrying a bearing 
shoe 42 that'engages a swash plate 44 which, in turn, is 
operatively. coupled to a secondary ?uid cylinder 46 by 
a connecting arm 48 for movement about a pivot 50 
from a neutral, minimum displacement position 52 to a 
maximum or full ?ow position 54. A prime mover, such 
as an electric motor schematically illustrated at 56, is 
mechanically connected through a suitable coupling to 
the drive shaft 34 which, in turn, is supported within 
the pump housing by bearings 58 and 60. 
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4 
As is conventional in pumps of the type illustrated, 

each cylinder bore 36 in the cylinder barrel 32 is pro 
vided with a cylinder port 62 adapted to alternately re 
gister with the inlet and outlet ports 64 and 66, respec 
tively, as the cylinder barrel 32 rotates. The inlet and 
outlet ports 64 and 66 respectively communicate with 
the conduits 20 and 18. 
The cylinder barrel 32, pistons 38, swash plate 44, 

and the input shaft 34 are immersed in ?uid in a filled 
cavity normally referred to as a pump case 68. The 
pump 16 communicates with a reservoir 70 through a 
replenishing pump 92 and check valves 100 or 102 and 
a conduit 94 on inlet and a conduit 72 on drain, all of 
which will be described hereinafter. 
The main ?uid cylinder 26 has a cylindrical housing 

74 with an internal bore 76 in which a cylindrical piston 
78 is reciprocally mounted, dividing the internal bore 
76 into two pressure chambers 80 and 82, respectively, 
on the opposite sides of the piston 78. The opposite 
sides of the piston 78 have cylinder rods 84 and 86 
which extend through the opposite end walls and exter 
nally of the main ?uid cylinder 26. The pressure cham 
bers 80 and 82 of the cylinder 26 respectively have 
?uid ports 88 and 90 which, in turn, are respectively 
connected to the ?uid conduits 24 and 22. Since the 
connecting rods 84 and 86 are of an equal diameter, 
the effective pressure responsive areas on the opposite 
sides of the piston 78 are also equal. The cylinder 26 
operates in a well known manner to move the piston 78 
in oppositedirections within the cylinder bore 76 when 
one of the pressure chambers 80 or 82 is pressurized, 
while the other pressure chamber is exhausted. 
The replenishing pump 92 is preferably of the posi 

tive fixed displacement type, such as a gear pump, and 
is also driven by the prime mover 56 through the drive 
shaft 34. The replenishing pump 92 is in communica 
tion with the reservoir 70 through a supply conduit 94 
and a filter 96 for supplying the replenishing ?uid to the 
main circuit 14 by means of a delivery conduit 98. The 
check valves 100 and 102 are spring biased and are in 
communication with the delivery conduit 98 and the 
closed loop main circuit conduits l8 and 20, respec 
tively, for supplying replenishing ?uid to whichever of 
the conduits 18 or 20 is the low pressure side of the 
closed main circuit through one of the check valves, 
while pressure on the high pressure side of the main cir 
cuit maintains the other check valve closed. 
A spring biased relief valve 104 is provided for the 

replenishing pump 92 for relieving excessive ?uid pres‘ 
sure in the replenishing delivery conduit 98 and for ex 
hausting ?uid to the reservoir 70 by means of a ?uid 
conduit 106 connected to the pump case 68 and the 
conduit 72. ~ 

Similarly, a spring biased high pressure relief valve 
105 is provided between the conduits 18 and 20 for re 
lieving excessive ?uid pressure from the conduit 20 
during dynamic braking of the ?uid motor 26 and is 
adapted to exhaust the ?uid from the conduit 20 into 
the conduit 18 by means of a ?uid conduit 107. In the 
embodiment illustrated in FIG. 1, the conduit 18 con 
nected, to the outlet 66 of the pump 16 is normally a 
high pressure conduit, while the conduit 20 connected 
to the pump inlet 64 is the low pressure conduit while 
the piston 78 is being accelerated. When the piston 78 
is being dynamically braked, the pressure in the con 
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duit 18 will be substantially higher than the pressure in 
the conduit 20. During the dynamic braking of the 
piston 78, the pump 16 will function as a motor in the 
conventional manner. 

A pilot operated pressure relief valve 109 having its 
inlet connected to the high pressure conduit 18 and its 
outlet connected to the low pressure conduit 20 is nor 
mally set to discharge the ?uid from the high pressure 
conduit 18 to the low pressure conduit 20 when the 
pressure in the conduit 18 exceeds a predetermined 
value which is the highest operating pressure at which 
the system is designed to operate, as for example 5,000 
psi. The relief valve 109 may be connected to a pilot 
valve 113 by conduit 115 and a conventional 
directional control valve 117. When the relief valve 
109 is connected to the pilot valve 113, the relief valve 
108 functions to relieve pressure from the high pres 
sure conduit 18 whenever the pressure therein exceeds 
a value, as set by the pilot valve 113, which is less than 
the design operating pressure, as for example 1,500 psi. 
Operation of the relief valve 109 at the lower value is 
prevented when the control valve 117 is positioned by 
switching means 168 in such a manner as to prevent 
communication between the valve 109 and the pilot 
valve 113. The manner in which the control valve 117 
is actuated so as to communicate the pilot valve 113 
with the relief valve 109 and the purpose for reducing 
the pressure in the high pressure conduit 18 will be 
described in greater detail hereinafter. 
A modification of the two pressure system is illus 

trated in FIG. 2 and is particularly adapted for use in 
low ?ow transmissions (0-5 gpm ?ow). Low pressure 
operation is obtained in conduit 18 by replacing the 
pilot operated relief valve 109 and the pilot valve 113 
with a conventional high pressure valve 300 for high 
pressure operation and a second low pressure relief 
valve 302 for low pressure operation. A solenoid 
operated selector valve 304 is disposed between the 
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conduit 18 and the low pressure relief valve 302 and < 
normally prevents communication _ 
When low pressure operation is desired, the selector 
valve 304 is actuated to communicate the low pressure 
relief valve 302 to the conduit 18 and the system will 
function in the same manner as described with respect 
to the embodiment disclosed in FIG. 1. The discharge 
from both the high and low pressure relief valve 300 
and 302 is to the conduit 20. 

Referring again to FIG. 1, downstream of the 
directional control valve 28, the conduits 22 and 24 are 
respectively connected to the inlets of high pressure 
cross port relief valves 108 and 110 which at a 
predetermined pressure, eg: 5,000 psi, will exhaust the 
?uid pressure from one of the conduits to the other 
conduit in the same manner as the high pressure relief 
valve 109, so as to prevent damage to the main circuit 
in the event of over pressurization. It can thus be seen 
that the system is operable between high and low 
predetermined pressures while having dynamic capa 
bilities. 

Referring to the control circuit 12 for a description 
of the method of controlling the displacement of the 
?uid pump 16, there is illustrated a directional control 
valve 112 adapted to selectively connect ?uid from the 
replenishing pump 92 to either ofa pair of feed control 
valves 114 and 116 by conduits 118 and 120 respec 
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6 
tively. The feed valves 114 and 116 are respectively 
connected to the ports 122 and 124 of the secondary 
?uid cylinder 46 by means of conduits 126 and 128, 
respectively. The fluid cylinder 46 is similar in con 
struction to the main cylinder 26 and comprises a tubu 
lar housing 130 having an interior bore 132 divided 
into two pressure chambers 134 and 136 by means of a 
reciprocally mounted piston 138, which, in turn, car 
ries a connecting rod 140. Connecting rod 140 extends 
externally of the housing 130 and is operatively cou 
pled at 142 to the swash plate connecting arm 48 of 
pump 16. The pressure chambers 134 and 136 are 
respectively connected to the conduits 126 and 128. 
The feed control valves 114 and 116 may be of the 

conventional type and have restricted passages 144 and 
146 which are adjustable such that each of the feed 
control valves may be pre-set to vary the ?ow rate 
therethrough over a wide range. Each of the feed con 
trol valves 114 and 116 includes a check valve 148 and 
150, respectively, which permits ?uid to bypass the 
restricted passages 144 and 146 in one direction. Thus, 
when the directional control valve 112 is in the position 
indicated, fluid ?ow is directed from the fixed displace 
ment pump 92 through the conduit 120 to the feed con 
trol valve 116, bypassing the restricted passage 146 
while flowing through check valve 150 and is then 
directed to the pressure chamber 136 on one side of the 
cylinder piston 140 to move the same leftwardly within 
the cylinder bore 132 to displace the ?uid pump 16 
toward its full ?ow position 54. Fluid on the opposite 
side of the piston cylinder 138 within the pressure 
chamber 134 will be exhausted through the cylinder 
port 122 and directed through conduit 126 to the feed 
control valve 114 at a rate of flow which is determined 
by the setting‘ of the restricted passage 144. Fluid 
returns to the reservoir 70 through the directional con 
trol valve 112 and a conduit 152. When the directional 
control valve 112 is reversed so as to direct ?uid ?ow 
through the check valve 148 of the feed control valve 
114 to the pressure chamber 134 to move the piston 
138 rightwardly, ?uid is exhausted through the 
restricted passage 146 of the feed control valve 116 
which, in turn, controls the rate of movement of the 
piston 138. As the piston 138 moves rightwardly, the 
swash plate connecting arm 48 is moved to the 
minimum displacement position 52. 
The type of feed control illustrated is known as a 

meter-out control, that is, the rate of movement of the 
piston 138 within the secondary ?uid cylinder 46 is 
determined by the rate of the ?uid being exhausted 
from the pressure chamber 134 or 136, which, in turn, 
is controlled by the feed control valves 114 and 116. A 
detailed description of the feed control valves 114 and 
116 is not necessary as such feed control valves are well 
known and commercially available. 

It can thus be seen that the rate of change in the dis 
placement of the ?uid pump 16 is controlled by the 
feed control valves 114 and 116, so that, if the 
restricted passages 144 and 146 of the feed control 
valves are set to permit a high rate of flow to pass 
therethrough, the cylinder piston 138 will be displaced 
rapidly, causing a rapid change in the displacement of 
the ?uid pump 16 which, in turn, when communicated 
to the main fluid cylinder 26 will generate a rapid ac 
celeration and/or deceleration of the cylinder piston 78 
therein. 
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The cylinder rod 140 carries a stop member 154 
which is adapted to abut axially adjustable, limit stops 
156 and 158 so as to permit a variation in the displace 
ment of the ?uid pump 16 at predetermined inter 
mediate displacements respectively below the max 
imum displacement of the ?uid pump 16 and above the 
minimum displacement of the pump 16. The maximum 
displacement of the pump 16 occurs when the swash 
plate 44 abuts the wall 160 of the pump housing, while 
the minimum displacement of the pump 16 occurs 
when the swash plate 44 is disposed in a plane which is 
perpendicular to the longitudinal axis of the drive shaft 
34. 

In operation, when it is desired to direct ?uid from 
the ?uid pump 10 through the conduit 18, the 
directional control valve 28 and the conduit 24 so as to 
accelerate the piston 78 in the main cylinder 26 for 
wardly (to the right as viewed in the drawing) at a rapid 
rate, the directional control valve 112 of the control 
circuit 12 is actuated by a switching means 162 so as to 
direct ?uid from thefixed pump 92 into the pressure 
chamber 136 of the ?uid cylinder 46 to drive the piston 
therein leftwardly as viewed in FIG. 1 so as to stroke 
the swash plate 44 of the ?uid pump 16 to the max 
imum displacement 54 or some other intermediate dis 
placement as determined by the setting of the adjusta 
ble stop 156. Fluid from the secondary cylinder 46 is 
exhausted through the adjustable restricted passage 
144 of the feed control valve 114 which is set to permit 
a high rate of ?uid ?ow therethrough, thus permitting a 
rapid stroking of the pump 16 which, in turn, will dis 
place a maximum amount of fluid into the conduit 18. 
The directional control valves 112 and 28 in the con 
trol and main circuits, respectively, are simultaneously 
actuated so that as the secondary cylinder 46 is actu 
ated, ?uid from the variable displacement pump 16 will 
be directed to the main fluid cylinder 26 to accelerate 
the piston 78 therein rapidly to the right as viewed in 
the drawing. After the piston is displaced at a rapid rate 
of acceleration and strikes a limit switch L], the 
directional control valve 112 in the control circuit 12 is 
actuated by the switching means 162, so as to direct 
fluid to the pressure chamber 134 on the opposite side 
of the piston 138 in the secondary ?uid cylinder 46. 
Fluid entering the secondary cylinder 46 will move the 
piston 138 rightwardly to stroke swash plate 44 toward 
the zero, ?ow position 52 or some intermediate dis 
placement as determined by the adjustable stop 158. 
The ?uid in the pressure chamber 136 of cylinder 46 
will be exhausted through the feed control valve 
restricted passage 146 at some predetermined rate 
which will control the rate at which the piston 138 of 
the ?uid cylinder 46 strokes the pump 16 back towards 
a lower displacement. _ 

1 Simultaneously with the actuation of the directional 
' controlvalve 112 by the switching means 162, the limit 
switch Ll energizes the switching means 168 to posi 
tion the directional control valve 117 such that the re 
lief valve 109 is connected to the pilot valve 113. Dur 
ing this phase of the operation of the system, the ?uid 
cylinder piston 78 is being dynamically braked which 
will cause the pressure in the conduits 20 and 22 to be 
substantially increased, while the pressure in conduits 
l8 and 24 is substantially decreased, putting the pump 
16 in a “motoring" mode as hereinbefore mentioned. 
The dynamic braking relief valve 105 is functional to 
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8 
relieve excessive pressure in the conduit 20 during this 
phase of operation. After the piston has been dynami 
cally braked and a higher pressure is required in con 
duits 18 and 24 to move the piston rightwardly (as 
viewed in FIG. 1), as for example to overcome the 
static friction of the load to be moved, the pilot relief 
valve 113 is effective to maintain the system pressure at 
the aforementioned reduced predetermined value. The 
pressure within the outlet conduit 18 will cause the 
pilot 113 to open, thereby causing the relief valve 109 
to direct ?uid from the outlet pressure conduit 18 to 
the low pressure conduit 20, to maintain the pressure in 
the system at a substantially lower value as, for exam 
ple, if the normal operating pressure used to accelerate 
the piston 78 within the ?uid cylinder is pre-set at 
5,000 psi then an appropriate value setting for the pilot 
relief valve 113 would be 1,500 psi. When the relief 
valve I09 is operable to reduce the operating pressure 
in the outlet conduit 18, the pressure acting against the 
piston 78 will be 1,500 psi. As the pump 16 is stroked 
toward a lower displacement, the rate at which ?uid is 
directed to the main cylinder 26 is decreased, thereby 
decelerating the movement of the piston 78 within the 
main fluid cylinder 26. When the pump 16 is stroked to 
a minimum, the forward movement of the piston 78 of 
the main cylinder 26 will be brought to a minimum 
creep speed to seek a ?nal stop position. A positive 
stop 166 is provided to insure that the cylinder piston 
78 stops at a desired position. 
The decreased displacement of the pump 16, com 

bined with the reduced operating pressure acting to 
move the piston 78, provide a smooth positive position 
ing of the end of the connecting rod 86 against the posi 
tive stop 166. If desired, the actuating rod 86 may en 
gage a limit switch L2 which functions to center the 
directional control valve 28 to a position wherein the 
conduits 22 and 24 are not in communication with the 
conduits l8 and 20 which, in turn, are now set in the 
closed loop arrangement as described hereinbefore. As 
an alternative, the limit switch L2 may be eliminated 
and the pump 16 displaced to a minimum position 
wherein it provides sufficient pressure, say 1,500 psi, to 
generate a holding force acting against the piston 78 to 
hold the end of the actuating rod 86 against the positive 
stop 166. The holding pressure cannot exceed the value 
determined by the pilot valve 113 as the same is still 
communicating with the conduit 18 via control valve 
1 17. 
Acceleration and deceleration of‘ the piston 78 

within the main cylinder 26 in an opposite direction 
away from the stop 166 (to the left as viewed in FIG. 1 
of the drawings) may be achieved by reversing the flow 
from the conduits 18 and 20 to the conduits 22 and 24 
by means of the directional control valve 28 without 
requiring any change in the setting of the feed control 
valves 114 and 116 as the volume of ?uid required to 
move the piston in either direction at some predeter 
mined rate is equal. Actuation of the directional con 
trol valve 28 to drive the piston 78 away from the posi 
tion'stop 166 toward its initial starting position is ac 
companied by a simultaneous actuation of the 
directional control valve 117 to prevent communica 
tion between the pilot valve 113 and the relief valve 
109. As soon as communication between the relief 
valve 109 and the pilot valve 113 is closed, the pressure 
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in the high pressure conduit 18 will return to a higher 
value, say 5,000 psi, as determined by the load and 
limited by the high pressure relief valve 109. 
Moving the directional control valve 28 to a tandem 

center or no ?ow condition will prevent ?uid ?ow 
either to or from the cylinder chambers 80 and 82, 
quickly stopping the piston 78. Such a quick stop may 
be utilized in the event of an emergency when it is 
necessary to prevent damage to the machine tool or 
transfer mechanism which the connecting rod 86 
and/or 84 is driving. 

It can thus be seen that by proper utilization of the 
directional control valves 28, 112 and 117, the feed 
control valves 114 and 116, and the pilot operated re 
lief valve 109, the piston 78 within the main cylinder 26 
may be accelerated by a ?uid at a ?rst high pressure, 
while the piston is decelerated by a ?uid at a second 
substantially lower pressure to provide dynamic brak 
ing and smooth positive positioning against a positive 
stop, and thus eliminating the aforementioned loud 
noise problem customarily encountered in prior 
transfer systems. At the same time, a lower pressure is 
provided for holding the ?uid cylinder connecting rod 
against a positive stop, thus reducing the input power 
required with a resulting increase in the overall effi 
ciency ofthe system. 

Referring now to FIG. 3, another example of the 
present invention is illustrated in the form ofa multiple 
pressure ?uid system 200 comprising the control cir 
cuit 12 (not shown) and a modi?ed main circuit 14A; 
and in which the components of the ?uid system 200 il 
lustrated in FIG. 2 have the same numeral designations 
as similar components of the ?uid system 10 illustrated 
in FIG. 1. The control circuit 12 is not illustrated in 
FIG. 3 as it is identical to and operates the same as the 
control circuit 12 illustrated in FIG. I. The pilot 
operated pressure relief valve 109, the directional con 
trol valve 117, the pilot valve 113, their associated con 
duits and the actuating means 168 have been 
eliminated from the main circuit 14A of the system 200 
and replaced by a conventional high pressure relief 
valve 201 with its inlet port connected to the conduit 
18 and its discharge port connected to the conduit 20, 
while the high pressure relief valves 108 and 110 have 
been replaced by a pair of remote control pilot 
operated pressure relief valves 202 and 204 located in 
the system downstream from the main directional con 
trol valve 28. The pilot operated pressure relief valve 
202 has an inlet connection communicating with con 
duit 22 through a conduit 206 and an outlet connection 
in communication with the conduit 24 through a con 
duit 208, while the pilot operated pressure relief valve 
204 has an outlet connection in communication with 
the conduit 24 through the conduit 208 and an inlet 
connection in communication with the conduit 22 
through the conduit 206. 
The relief valves 202 and 204 are adapted to be 

selectively connected to a pilot valve by means of a 
directional control valve 212, which in turn is selective 
ly actuated by switching means 214. 
The pilot valve 210 is adapted to open whichever one 

of the relief valves 202 or 204 that is in communication 
therewith through the control valve 212 so as to lower 
the pressure in the conduits 22 or 24 to a value which is 
substantially lower than the normal high operating 
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10 
pressure, which pressure is a function of the load. 
When the piston 78 is being shifted rightwardly, as 
viewed in FIG. 3, the conduit 24 is the high pressure 
conduit, while the conduit 22 is the high pressure con 
duit when the piston 78 is being moved leftwardly as in 
FIG. 3. 

During operation, when the piston 78 is being ac 
celerated toward the positive stop 166 and the 
directional control valve 112 is actuated by the 
switching means 162 to decelerate the piston 78 as 
hereinbefore described, the control valve 212 is simul 
taneously actuated by the switching means 214 to con 
nect the pilot valve 210 with the relief valve 204. After 
dynamic braking has occured, the high pressure ?uid in 
the conduit 24 is directed to the lower pressure conduit 
22 and thus obtaining a reduction of the pressure in the 
system 200 from its normal high operating value to a 
substantially lower value in the same manner as herein 
before described with respect to the circuit 10. 

In the same manner, when the system 200 is operable 
to direct high pressure ?uid to the conduit 22 to drive 
the piston 78 leftwardly, as viewed in FIG. 3, toward its 
initial starting position, and the deceleration thereof is 
required, the directional valve 112 is actuated by the 
switching means 162 to cause a decrease in the dis 
placement of the ?uid pump 16. Simultaneously, the 
switching means 214 actuates the control valve 212 so 
as to connect the pilot valve 210 to the relief valve 202, 
and after dynamic braking has been effected the pres 
sure in the high pressure conduit 22 will be reduced to 
a substantially lower value in the same manner as 
described hereinbefore. 
The multiple pressure ?uid systems of the present in 

vention have been found to be especially suitable for 
inline shuttle, lift and transfer systems wherein rapid 
movement, dynamic braking, combined with smooth 
acceleration and deceleration, and positive braking are 
important. ' 

It can thus be seen that a new and improved closed 
loop multiple pressure ?uid system has been provided 
which is much simpler in its construction than previ 
ously used systems, and which is more reliable, rapid 
and of low noise operation. 

While the form of the embodiments of the present in 
vention, as disclosed herein, constitute preferred 
forms, it is to be understood that other forms might be 
adopted all coming within the spirit of the invention 
and the scope of the appended claims which follow. 
What is claimed is as follows: 
I. A multiple pressure ?uid system comprising: 
a ?uid pump having a high pressure ?uid outlet and a 

low pressure ?uid inlet; 
a ?uid motor having an output means responsive to 

?uid pressure for generating a movable mechani 
cal output; 

?rst motor port means adapted to communicate ?uid 
pressure to said output means to move said 
mechanical output in one direction, and second 
motor port means adapted to communicate ?uid 
pressure to said output means to move said 
mechanical output in an opposite direction; 

a first conduit means connecting said pump high 
pressure outlet to one of said motor port means for 
communicating ?uid pressure thereto; 
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a second conduit means connecting said pump low 
pressure inlet to the other of said motor port 
means for exhausting ?uid pressure therefrom, 
such that said pump and motor are connected in a 
closed loop fashion; 1 

controlled means connected to said ?rst conduit 
means and operable upon actuation while said ' 
?uid pressure is being delivered from said pump to 
said motor for reducing the pressure in said ?rst 
conduit means to a lower predetermined value; 

means for actuating said controlled means in 
response to said fluid motor mechanical output 
after same has moved a predetermined distance in 
a selected direction, said pump continuing to 
deliver ?uid pressure at said predetermined value - 
.after said controlled means is actuated; and 

a valve means, said ?rst and second conduit means 
comprising a first fluid line and a second fluid line 
respectively communicating said pump high pres 
sure outlet and low pressure inlet to said valve 
means, and a third fluid line and a fourth ?uid line 
respectively communicating said ?rst and second 
motor port means to said valve means, said valve 
means selectively connecting said ?rst and second 
?uid lines to said third and fourth ?uid lines such 
that the high pressure ?uid in said ?rst ?uid line is 
directed selectively to one of said third or fourth 
?uid lines to move said output member in opposite 
directions, while ?uid in the other said third or 
fourth ?uid line is exhausted through said second 
?uid line, said controlled means comprising a pres 
sure relief valve having its inlet connected to said 
first ?uid line and its outlet connected to said 
second ?uid line; 

and pilot valve means selectively operable to control 
the pressure at which said relief valve opens, 
whereby the pressure in said ?rst ?uid line carry 
ing said high pressure ?uid may be selectively 
reduced to said lower predetermined value after 
said mechanical output is moved a predetermined 
distance. 

2. A multiple pressure ?uid system comprising: 
a ?uid pump having a high pressure ?uid outlet and a 

low pressure ?uid inlet; 
a ?uid motor having an output means responsive to 
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?uid pressure for generating a movable mechani 
cal output; 

?rst motor port means adapted to communicate ?uid 
pressure to said output means to move said 
mechanical output in one direction, and second 
motor port means adapted to communicate ?uid 
pressure to said output means to move said 
mechanical output in an opposite direction; 

a ?rst conduit means connecting said pump high 
pressure outlet to one of said motor port means for 
communicating ?uid pressure thereto; 

a second conduit means connecting said pump low 
pressure inlet to the other of said motor port 
means for exhausting ?uid pressure therefrom, 
such that said pump and motor are connected in a 
closed loop fashion; 

a valve means, said ?rst and‘ second conduit means 
comprising a ?rst ?uid line and a second ?uid line 
respectively communicating said pump high pres 
sure outlet and low pressure inlet to said valve 
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12 
means, and a third ?uid line and a fourth ?uid line 
respectively communicating said ?rst and‘second 
motor port means to said valve means, said valve 
means'selectively connecting said ?rst and second 
?uid lines to said third and fourth ?uid lines such 
that the high pressure ?uid in said ?rst ?uid line is 
directed selectively to one of said third or fourth 
?uid lines to move said output member in opposite 
directions, while ?uid in the other said third or 
fourth ?uid line is exhausted through said second 
?uid line; 

a ?rst pressure relief valve having its inlet connected 
to said third ?uid line and its outlet connected to 
said fourth ?uid line; 

a second pressure relief valve having its inlet con 
nected to said fourth ?uid and its outlet connected 
to said third ?uid line; 

and pilot valve means selectively operable in 
response to a predetermined movement of said 
?uid motor output to control the pressure at which 
said ?rst and second relief valves open, whereby 
the pressure in whichever of said ?uid lines carry 
ing said high ‘pressure ?uid may be selectively 
reduced to a lower predetermined value. 

3. A multiple pressure ?uid system comprising: 
a variable displacement ?uid pump having high pres 

sure ?uid outlet and a low pressure ?uid inlet; 
va ?uid motor having an output member movable in 

response to ?uid pressure; 
?rst motor port means adapted to communicate ?uid 

pressure to said output member to move said out 
put member in one direction, and second motor 
port means adapted to communicate ?uid pressure 
to said output member to move said output 
member in an opposite direction; 

a ?rst conduit means connecting said pump high 
pressure outlet to one of said motor port means; 

a second conduit means connecting said pump low 
pressure inlet to the other of said motor port 
means; 

remotely controlled means connected to said first 
conduit means for selectively reducing the pres 
sure in said first conduit means to a lower 
predetermined value after said ?uid motor output 
member moves a predetermined distance in a 
selected direction; 

pressure responsive means for varying the ?uid dis 
placement of said variable displacement pump; 

a second source of ?uid pressure; 
?rst means for communicating said second source of 

?uid pressure to said pressure responsive displace 
ment varying means at a selected rate to control 
the rate of change in the increase in the displace 
ment of said ?uid pump to accelerate said motor 
output member; 

second means alternately operable from said first 
means, said second means communicating said 
second source of ?uid pressure to said pressure 
responsive displacement varying means at a 
second selected rate to control the rate of change 
in the decrease in the displacement of said ?uid 
pump to decelerate said output member; and 

means actuating said remotely controlled means 
simultaneously with actuation of said second 
means whereby the pressure of the ?uid moving 
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said output member decreases to said lower 
predetermined value as said output member 
decelerates. 

4. The multiple pressure ?uid system de?ned in 
claim 3 wherein said ?uid motor means comprises a 
main ?uid cylinder having a piston reciprocably 
mounted therein and movable in response to the fluid 
pressure acting on the opposite sides of said piston, the 
effective pressure responsive areas on the opposite 
sides of said piston being equal; said ?uid system 
further comprising valve means selectively connecting 
the inlet and outlet of said ?uid pump to the opposite 
sides of said piston to direct ?uid to said piston and ex 
haust ?uid from the other side of said piston to move 
said piston. 

5. The multiple pressure ?uid system de?ned in 
claim 3 wherein said remotely controlled means com 
prises a remote control relief valve having an inlet con 
nected to said ?rst conduit means and an outlet con~ 
nected to said second conduit means whereby said re 
lief valve is operable to direct ?uid from said first con 
duit means to said second conduit means. 

6. The multiple pressure ?uid system de?ned in 
claim 3 further comprising a directional control valve 
connected to said ?rst and second conduit means for 
selectively connecting said ?rst and second conduit 
means to said ?uid motor ?rst and second port means, 
said remotely controlled means comprising a remote 
control relief valve having its inlet connected to said 
first conduit means and its outlet connected to said 
second conduit means. 

7. The multiple pressure ?uid system de?ned in 
claim 3, further comprising a valve means, said ?rst and 
second conduit means comprising a ?rst ?uid line and a 
second ?uid line respectively communicating said 
pump high pressure outlet and low pressure inlet to said 

20 

25 

35 

40 

45 

50 

55 

65 

14 
valve means and a third ?uid line and a fourth ?uid line 
.respectively communicating said ?rst and second 
motor port means to said valve means, said valve means 
selectively connecting said ?rst and second ?uid lines 
to said third and fourth ?uid lines such that the high 
pressure ?uid in said ?rst ?uid line is directed selective 
ly to one of said third or fourth fluid lines to move said 
output member in opposite directions, while ?uid in the 
other of said third or fourth line is exhausted through 
said second ?uid line, said remote controlled means 
comprising a ?rst remote control relief valve having its 
inlet connected to said third ?uid line and its outlet 
connected to said fourth ?uid line, and a second 
remote control relief valve having its inlet connected to 
said fourth ?uid line and its outlet connected to said 
third ?uid line, whereby the pressure in whichever of 
said ?uid lines carrying said high pressure ?uid may be 
selectively reduced to a lower predetermined value 
after said movable output member is moved a predeter 
mined distance. 

8. The multiple pressure ?uid system de?ned in 
claim 1, wherein said pressure relief valve is preset to 
open communication between its inlet and its outlet 
when the pressure in said ?rst fluid line is at or above 
said lower predetermined value, said pilot valve means 
being a directional ?ow control valve movable between 
a ?rst position closing ?uid communication between 
said pressure relief valve inlet and said first ?uid line 
and a second position openin communicationbetween 
said pressure relief valve inle and said ?rst ?uid line to 
reduce said high pressure ?uid in said ?rst ?uid line to 
said lower predetermined value, said directional ?ow 
control valve being movable to said second position 
after said mechanical output is moved said predeter 
mined distance. 
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[571 ABSTRACT 
A ?uid system having a variable displacement ?uid 
pump connected in a closed loop circuit to a ?uid cylin 
der having a piston and a pair of connecting rods ex 
tending from opposite sides of the piston externally of 
the ?uid cylinder. A main directional control valve 
disposed in the closed circuit between the inlet and 
outlet of the ?uid pump is adapted to selectively direct 
?uid to one side of the piston within the ?uid cylinder, 
while exhausting ?uid from the other side of the piston, 
to selectively move the piston within the ?uid cylinder. 
The rate of movement of the piston in either direction 
of movement is controlled by the amount of ?uid dis 
placed by the ?uid pump. 
A second directional control valve is adapted to ?uid 
FLUID from a second source of ?uid to a pressure 
responsive displacement control mechanism to selec 
tively vary the displacement of the ?uid pump between 
a maximum and a minimum value. The rate of ?uid ?ow 
to the pressure responsive displacement control mecha 
nism is selectively varied to control the rate of displace 
ment of the ?uid pump and to thereby selectively con 
trol the rate of movement of the cylinder piston. 

A remotely controlled pilot operated pressure relief 
valve, having an inlet ‘connection in ?uid communica 
tion with the outlet conduit of the ?uid pump upstream 
from the main directional control valve and an outlet 
connection in ?uid communication with the inlet con 
duit of the ?uid pump between the ?uid pump and the 
main directional control valve, is operable to reduce the 
normal operating pressure in the outlet conduit, and 
thus the operating pressure of the ?uid in the main ?uid 
cylinder, to a lower predetermined value when the 
pressure responsive displacement control mechanism is 
actuated to vary the displacement of the ?uid pump 
toward a minimum value. 
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