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This invention relates to a fluid pressure system and 
more particularly to an improved system embodying a 
demand-compensated principle in which the pump dis 
'charge power from a variable-displacement pump can 
be made proportional to the instantaneous load demand 
of one or more fluid motors powered by the pump. 

: In general, the important objects of the invention are 
to provide an arrangement in which fluid power is pro 
portional to the momentary demand of the system in 
both pressure and volume, and particularly a system hav 
'ing acceptably high overall efficiency at all load condi 
tions, thereby significantly reducing heat problems. This 
includes a standby phase in which power consumption 
is relatively low. It is a feature of the invention to 
-apply the system to a plurality of motors, such as hy 
draulic cylinders, wherein the discharge flow rate of 
the pump is determined by the total flow required instan 
taneously to all acting motors. Therefore, any flow rate 
can be obtained from minimum to maximum at any dis 
charge pressure from minimum to maximum. 
The foregoing and other, important objects and desir 

able features inherent in and encompassed by the in 
vention will become apparent as a preferred embodi 
ment thereof is disclosed in detail in the ensuing descrip 
tion and accompanying sheet of drawings wherein the 
single figure shows 'schematically, and partly in section, 
the demand-compensated system employed with a plurality 
of motors. 
The system is designed particularly for use in agricul 

tural tractors wherein a number of hydraulic functions 
must be performed, such as power steering of the tractor 
front wheels and power operated actuation of one or more 
rockshafts for adjusting implements associated with the 
tractor. 

In the drawings, a variable displacement pump is shown 
at 10 as having mechanism 12 by means of which the 
output of the pump may be varied. The specific type 
of pump is not material, as long as it is any of the Well 
known variable displacement types in which the stroking 
mechanism 12 is arranged so that its output or stroke 
is increased by a mechanical force, such as a compression 
spring 14 acting against a member or piston 16 to move 
that member in the direction of the labeled arrow. The 
piston 16 is carried in a cylinder 18 so that its face is 
subjectable to fluid pressure admitted to the cylinder at 
the side of the piston opposite to the spring 14. The 
pump.10 is connected to reservoir in a suitable manner, 
an intake line being shown at 20 as being connected to 
a reservoir 22. 

The-discharge side of the pump 10 is connected via a 
pressure line 24 and a motor control valve 26 to a two 
way fluid pressure motor 28. The motor control valve 
26 may be manually and/or servo operated by any suit 
able means, represented here schematically at 30. The 
valve likewise is illustrated schematically, as are many 
of the well known hydraulic components employed in 
the system. A typical flow control valve 32 is interposed 
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2 
in the pressure line 24 ahead of the motor control valve 
26, for obvious reasons. The motor control valve is 
shown in its neutral position and is of the closed-center 
type, which permits no flow when in neutral. The valve 
is connected by a pair of motor lines 34 and 36 respect 
tively to opposite ends of the cylinder of the motor 28. 
When the motor control valve 26 is shifted downwardly 
from its neutral position, the high pressure line 24 is 
connected to the motor line 34 so as to retract the motor 
28 and return is via the line 36 to an exhaust or reservoir 
line 38. Movement of the control valve 26 to an upper 
position, just the opposite of that just described, will 
interchange the motor lines 34 and 36 so that the latter 
is connected to the pressure line 24 to extend the motor 
28. In the embodiment.from which the present system. 

is therefore subjected to little if any residual load. 
A basic part of the demand-compensated system com 

prises a stroking mechanism control or demand valve 
means indicated in its entirety by the numeral 40, and 
-comprising a cylinder 42 which forms, a chamber carrying 
a shiftable valve piston 44 which separates the cham 
ber into pressure and pilot sides 46 and 48 respectively. 
Biasing means in the form of a relatively light spring 50 
urges the piston 44 toward the pressure side 46, for, the 
purpose of controlling a port 52 which is permanently 
connected by a control line 54 to the cylinder 18 of the 
stroking mechanism, the connection of the line 54 being 
made to the cylinder 18 at the side of the piston in op 
position to the spring 14. The line 54 has a restricted 
connection or orifice 56 to the reservoir 22. The pres 
Sure side 46 of the valve means 40 is connected by a line 
24a to the pressure line 24 intermediate the discharge 
side of the pump i() and the motor control valve 26. To 
the extent thus far described, it will be seen that the valve 
piston 44 is subjected to two, forces; namely, pressure 
via the line 24 and the spring load via the spring. 50. 
it will be further seen that when the valve 44 is open 
as respects the ports 52, pressure from the pressure line 
24 is transmitted via 24a-52-54 to the fluid-pressure 
receivable end of the piston, 16 in the stroking mecha 
nism 2, so as to oppose the stroking mechanism-spring 
14 for the purpose of decreasing the pump output. 

In addition to the forces acting on the valve 44, as 
just described, the system adds pilot line pressure to 
the pilot side 48 of the demand valve means chamber 
in conjunction with the force imposed by the spring, 50. 
This pilot line. pressure - is obtained through a pilot line 
58 which has two branches 60 and 62 connected re 
spectively to the motor lines. 34 and 36 between the 
motor control valve 26 and the motor 28. When the 
motor control valve 26 is in its neutral position, no flow 
or pressure occurs in the pilot line 58, but the reverse 
is true when the motor control valve is opened in either 
direction. In order that pilot flow from one or the other 
of the branches 62 may not reverse itself in the other 
branch, depending upon which of the motor lines 34 
and 36 is pressurized, each branch carries a pilot check 
valve, respectively at 64 and 66. 

From the description thus far, and ignoring the com 
ponents not described, it will be seen that when the motor 
control valve 26 is in neutral, the pilot line pressure is 
Zero. Therefore, the pump discharge pressure via 24 and 
24a is balanced only against the spring 50 at the opposite 

! side of the valve piston 44, and these components are 
calibrated to regulate the stroke of the pump 10 via the 
mechanism. 12.so that a relatively small standby pressure 
sexists in the line'24. 

When the motor control valve 26 is opened in one 
direction or the other to supply fluid to the motor 28, 
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pilot pressure will occur in one of the other or the lines 
69 and 62, depending upon which of the lines 34 and 36 
is pressurized when the valve 26, is opened. This pilot 
pressure flows through the pilot line 58 to the bottom of 
the piston 44 and assists the force from the spring 50. 
Since the top area of the piston 44 exposed to pressure 
from the pressure line 24 via 24a is equal to the area of 
the bottom of the piston, the discharge pressure from the 
pump must necessarily be a fixed increment greater than 
the pilot pressure for a balance to exist. The magnitude 
of this increment is obviously determined by the force 
of the spring 50. 
The maximum pressure that the pump can produce is 

determined by pressure limiting means indicated in its 
entirety by the numeral 68 and comprising a relief valve 
70 biased to close against a pressure line branch 72 by a 
spring 74. The value of the spring 74 is considerably 
higher than that of the spring 50. The pressure limiting 
means dumps via a branch 76 to the control line 54 
rather than directly to reservoir, and hence discharges into 
the mechanism 12 if an excess discharge pressure occurs, 
having the effect of decreasing the output of the pump 
to zero. 

After the motor control valve 26 is again closed or 
neutralized, there is no fluid entering the pilot line, and 
the pilot pressure must reduce to zero in order to allow 
the system pressure to be reduced to its standby value. 
For this purpose, the pilot line 58 is connected to reser 
voir via a restriction or orifice 78. This prevents the 
trapping of fluid in the pilot line between the bottom of 
the piston valve 44 and the pilot line check valves 64 and 
66. 
The operation of the system to the extent described is 

as follows. When the motor control valve 26 is open, 
fluid at standby pressure is admitted to the motor 28 and 
simultaneously to the pilot line that is connected to 
whichever motor line is pressurized. This pressure in 
the pilot line will signal for higher pump discharge pres 
sure, and this pressure then increases the pilot line pres 
sure which in turn signals an increase of pump discharge 
pressure. During this build-up cycle, which is very nearly 
instantaneous, practically no flow occurs. The increase 
of pump discharge pressure will continue until the re 
sistance encountered by the motor 28 is overcome and 
the motor begins to move. At this point, appreciable 
flow begins so that there is a pressure drop across the 
control valve 26 and in fact throughout the entire flow 
path. Since the pilot pressure is taken in such a place 
where it is equal to the pressure acting on the motor 28, 
it will signal the pressure acting on this motor only, and 
this signal will be transmitted to the pump via the means 
40. Since it is clear that no more pressure can act on 
the motor 28 than is required to move the resistance to 
which the motor is connected, the pilot line pressure can 
reach no greater magnitude than that necessary to acti 
vate the motor. Since the pump discharge pressure is 
thus determined by the pilot pressure plus the fixed incre 
ment established by the spring 50, the pump will dis 
charge at a pre-set pressure increment above that re 
quired to move the motor. Theoretically, all this pres 
sure increment should be dissipated across the inlet meter 
ing port of the motor control valve 26. As this valve is 
opened wider, allowing more flow to the motor, the 
stroking mechanism control valve means 40 will compen 
sate by putting the pump into an increased displacement, 
since the piston valve 44 will close the port 52 and fluid 
trapped in the mechanism 12 below the piston 16 will 
escape to reservoir via the orifice 56. This increased 
flow can continue until the motor control valve 26 is 
opened to its maximum position, subject to the limit of 
the flow control valve 32. At this point, it should be 
noted that the flow control valve may be dispensed with, 
but is an expedient particularly desirable in a multi-motor 
system. 
As the motor control valve 26 is moved toward neutral, 
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the flow rate is decreased until it ultimately reaches zero. 
When no further flow is admitted to the motor and thus to 
the pilot line 58, the pressure in the pilot line bleeds. 
through the pilot line bleed orifice 78, thereby reducing 
the pilot pressure to zero which in turn allows a reduction 
in the discharge pressure since the bottom of the piston 
valve 44 is no longer subjected to any force in addition 
to the spring force 50. Since this spring force determines. 
the standby pressure, the system accordingly returns to 
standby operation. 
As previously indicated, it is a feature of the invention 

to incorporate a plurality of motors in the demand 
compensated system. A second motor, here a one-way 
motor 80, is connected to a pressure line extension 82. 
via a flow control valve 84 and a second motor control 
valve 86 under control of suitable manual and/or servo 
actuating means suggested at 88. The motor 80 is here 
representative of a hydraulic cylinder useful on an agri 
cultural tractor for rocking a tractor-mounted rockshaft. 
The motor control valve 86 for the motor 80 is connected 
to that motor by a motor line 90 and a pressure line 94 
incorporating a check valve 92. A pilot branch 96 con 
nects the pressure branch 94 to the pilot line 58 and 
includes a pilot line check valve 98 for preventing re 
versal of pilot flow when the pilot line 58 is pressurized 
by the motor 28. Similarly, the pilot line check valves 
64 and 66 prevent reverse pilot flow when the pilot line is 
pressurized by operation of the motor 80. The motor 
control valve 86 is connected to reservoir at 80. 
The system employs a third motor here, a two-way 

motor 102 controlled by a motor control valve 104 which 
may be connected to a suitable manual and/or servo actu 
ator as at 06. This valve is connected to an extension 
103 of the pressure line 24-82 and a flow control valve 
i0 is interposed in the line 108 ahead of the valve 104. 
One side of the valve is connected to reservoir at 112 and 
its opposite side is connected by motor lines 114 and 
116 respectively to opposite ends of the motor C2. 
Because the motor 102 is of the two-way type and is 
connected to a rockshaft on a tractor, for example, it 
will be subjected to residual load and for this purpose 
it is desired to use pilot-operated check valves as at 118 
and 120, respectively, in the motor lines 114 and 116. 
These check valves may be of any suitable type and the 
rectangles at 122 and 24, respectively, indicate that 
these valves are hydraulically operated. A pair of pilot 
line branches 126 and 28, respectively incorporating 
check valves 130 and 132, are connected respectively to 
the motor lines 14 and 116, the system in this respect 
duplicating the arrangement previously described at 60, 
62, 64 and 66. 
When two or more motor control valves are opened 

simultaneously, the pressure will build up to the level 
required of the most heavily loaded motor. The motor 
encountering the lighter load will move first and will 
accelerate to the flow rate set by either its flow control 
valve (32, 84 or 110) or the amount of opening of its 
motor control valve (26, 86, or 104). There will be, 
at this time, no motion in the most heavily loaded motor, 
and therefore, the pilot signal will indicate the require 
ment for still more pressure until the most heavily loaded 
motor is moved. Pilot pressure in the line 58 will of 
course build up and oppose the pressure at 24-24a, 
the valve piston 44 moving up to cut off the port 52 
and relieving any counter pressure against the piston 16 
in the stroking mechanism 12, whereby the pump dis 
charge pressure will build up until it equals that required 
to move the most heavily loaded motor at a flow rate 
equal to the total of the number of motors in action. 
On the basis of the foregoing, any number of motors 
can be operated independently and simultaneously to the 
limit of the pump capacity. 

It will thus be seen that the demand-compensated 
hydraulic system is a type of closed-center arrangement 
that will provide both pressure and flow rate propor 



tional to the instantaneous load demand condition. The 
variable displacement pump is automatically controlled 
to discharge at a pressure determined by the most heavily 
loaded motor and at a flow rate determined by the total 
required of all active motors. The pilot pressure" signal 
is taken between the motor control valve and its respec 
tive motor. When the control valve, as at 26, for 
example, is closed, the pilot pressure is zero. As the 
control valve is opened, the pressure in the signal or 
pilot line will indicate the exact pressure (excluding 
line losses) needed to move the motor. The pilot pres 
sure cannot signal a higher pressure than that needed 
to overcome the resistance encountered by the motor. 
This resistance is the resultant of two load components. 
First, there is the component due to the physical load 
acting on the operating motor and is made up of static 
load, inertia and viscous resistance. Second there is a 
component due to the return line pressure. The second 
component is applicable only in the case of a double 
acting motor as at 28 and 102. The pump will produce 
the flow rate necessary to sustain the signaled pressure. 
Or, as compared to the pressure-compensated arrange 
ment which will produce the flow rate necessary to 
maintain one fixed pressure, the demand-compensated 
arrangement will produce any flow from minimum to 
maximum at any pressure from standby to maximum. 
As already indicated, the variable displacement pump 

may be of any type, and the stroking mechanism 12 is 
of a design such that an increase of pressure in the 
pressure line causes a decrease in displacement. As 
indicated, a spring or other mechanical device may 
cause the increase of stroke. - ' 
'The stroking mechanism control or demand valve 

means 40 is actually a differential type pressure trans 
ducer. The differential is pre-set by the spring 50 so 
that the pressure in the line 24a will bleed through the 
port 52 and control line until it becomes a set increment 
greater than the pilot pressure in the line 58. If the 
pressure at 24a or at the pressure side 46 of the valve 
44 is greater than the pilot pressure (the pressure at 
the pilot side 48 of the valve 44, plus the spring force 
of the spring 50) the valve" 44 moves downwardly, open 
ing the port 52 to the control line 54. If the values are 
reversed, the valve 44 moves up and closes the port 52, 
allowing a reduction of pressure in the line 54. When 
equilibrium has been reached, a small steady flow is 
metered to the line 54 via the port. 52. 
The magnitude of flow allowed past the transducer 

valve 40 determines the control pressure in the line 54, 
which cannot be greater than that existing in the line 
24a, but can be any desired lesser value depending upon 
the size of the fixed bleed orifice 56. 
On the basis of the foregoing, it will be relatively 

easy to calculate and design for certain desirable factors, 
affecting, for example, the magnitude of the control flow 
to orifice 56. The size of this orifice is influenced by 
the flow necessary to maintain pump stability and the 
permissible time interval for the pump to alter stroke. 
Other factors such as efficiency, motor control valve 
design and type of actuation of the motor control valve 
can be varied as desired while still enabling exploitation 
of the novel demand-compensated system. These and 
other factors not categorically covered, as well as varia 
tions in the preferred system disclosed, will readily occur 
to those versed in the art, all without departure from 
the spirit and scope of the invention, 

What is claimed is: 
1. A fluid pressure system of the class described, com 

prising: a variable displacement pump having output con 
trol mechanism including a piston, means biasing the 
piston-in-one direction to increase pump output, and a 
-cylinder carrying the piston for receiving fluid pressure 
to move the piston in-the-opposite direction to decrease 
spurnp output; a fluid pressure motor; a high pressure line 
connected between the pump and motor; a motor control 
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valve interposed in said line for selectively opening and 
closing said line to the motor; demand valve means in 
cluding a chamber and a piston valve shiftable therein 
and separating said chamber into a pressure side con 
nected to the pressure line ahead of the motor control 
valve 
tween said motor control valve and the motor, a port 
in the chamb 

a pilot side connected to said pressure line be 

tsaid pressure side and openable by the 
piston valve in response to line pressure, and means bias 
ing the pistón valve to close said port in opposition to line 
pressure and in conjunction with pilot pressure when the 

nnecting the pilot side of 
bir; a controlline con 
rol mechanism cylinder 

fluid from the pressure side of the demand 

voir line leading from the control line to reservoir; and 
pressure-limiting means connecting the control line to the 

: pressure line between the pump and the demand valve 
imeans and including a relief valve and biasing means 
closing said relief valve, said relief valve biasing means 
being of greater value than the biasing means in the 
demand valve means. 

2. A fluid pressure system of the class described, com 
prising: a variable displacement pump having output con 
trol mechanism including a member movable in one 
direction by fluid pressure to decrease pump ouput and 
biased to move in the opposite direction to increase pump 
output; a fluid pressure motor; a high pressure line con 
nected between the pump and motor; a motor control 
valve interposed in said line for selectively opening and 
closing-said line to the motor; demand valve means in 
cluding a chamber and a piston valve shiftable therein 
land separating said chamber into a pressure side con 
nected to the pressure line ahead of the motor control 
valve and a pilot side connected to said pressure line be 
tween said motor control valve and the motor, a port in 
the chamber at said pressure side and openable by the 
piston valve in response to line pressure, and means bias 
ing the piston valve to close said port in opposition to 
line pressure and in conjunction with pilot pressure when 
the motor control valve is set to open the pressure line 
to the motor; a restricted bleedline connecting the pilot 
side of the demand valve means to reservoir; a control 
line connecting said port to the pump control mechanism 
for Supplying fluid from the pressure side of the demand 
valve means to the mechanism member; a restricted reser 
voir line leading from the control line to reservoir; and 
pressure-limiting means connecting the pressure line be 
tWeen the pump and the demand valve means to reservoir 
and including a relief valve and biasing means closing 
said relief valve, said relief valve biasing means being 
of greater value than the biasing means in the demand 
valve means. 

3. A fluid pressure system of the class described, com 
prising: a variable displacement pump having output 
control mechanism including a piston, means biasing the 
piston in one direction to increase pump output and a 
cylinder carrying the piston for receiving fluid pressure 
to move the piston in the opposite direction to decrease 
pump output; a two-way fluid pressure motor; a high 
pressure line connected to the pump; a motor control 
valve connected to the high pressure line and having a 
pair of motor lines connected respectively to opposite 
ends of the motor, said motor control valve being selec 
tively settable to close the pressure line or to pressurize 
either motor line while connecting the other motor line to 
reservoir; demand valve means including a chamber and 
a piston valve shiftable therein and separating said cham 
ber into a pressure side connected to the pressure line 
ahead of the motor control valve' and a pilot side con 
nected to both motor lines for receiving pilot flow from 
whichever motor line is pressurized by the motor control 
valve, said connection between said pilot side and motor 
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lines including a pair of check valves for preventing pilot 
flow from the pressurized motor line to the other motor 
line, said demand valve means further including a port 
in the chamber at said pressure side and openable by the 
piston valve in response to line pressure ahead of the 
motor control valve and means biasing the piston valve 
to close said port in opposition to line pressure and in 
conjunction with pilot pressure when the motor control 
valve is set to pressurize either motor line; a restricted 
bleed line connecting the pilot side of the demand valve 
means to reservoir; a control line connecting said port 
to the pump control mechanism cylinder for supplying 
fluid from the pressure side of the demand valve means 
to the mechanism piston; a restricted reservoir line lead 
ing from the control line to reservoir; and pressure-limit 
ing means connecting the control line to the pressure line 
between the pump and the demand valve means and in 
cluding a relief valve and biasing means closing said 
relief valve, said relief valve biasing means being of 
greater value than the biasing means in the demand valve 
CaS. 

4. A fluid pressure system of the class described, com 
prising: a variable displacement pump having output 
control mechanism including a member movable in one 
direction by fluid pressure to decrease pump output and 
biased to move in the opposite direction to increase pump 
output; a two way fluid pressure motor; a high pressure 
line connected to the pump; a motor control valve con 
nected to the high pressure line and having a pair of 
motor lines connected respectively to opposite ends of 
the motor, said motor control valve being selectively 
settable to close the pressure line or to pressurize either 
motor line while connecting the other motor line to reser 
voir; demand valve means including a chamber and a 
piston valve shiftable therein and separating said chamber 
into a pressure side connected to the pressure line ahead 
of the motor control valve and a pilot side connected to 
both motor lines for receiving pilot flow from whichever 
motor line is pressurized by the motor control valve, said 
connection between said pilot side and motor lines in 
cluding a pair of check valves for preventing pilot flow 
from the pressurized motor line to the other motor line, 
said demand valve means further including a port in the 
chamber at said pressure side and openable by the piston 
valve in response to line pressure ahead of the motor 
control valve and means biasing the piston valve to close 
said port in opposition to line pressure and in conjunction 
with pilot pressure when the motor control valve is set to 
pressurize either motor line; a restricted bleed line con 
necting the pilot side of the demand valve means to 
reservoir; a control line connecting said port to the pump 
control mechanism for supplying fluid from the pressure 
side of the demand valve means to the mechanism mem 
ber; a restricted reservoir line leading from the control 
line to reservoir; and pressure-limiting means connecting 
the pressure line between the pump and the demand valve 
means to reservoir and including a relief valve and biasing 
means closing said relief valve, said relief valve biasing 
means being of greater value than the biasing means in 
the demand valve means. 

5. A fluid pressure system of the class described, com 
prising: a variable displacement pump having output con 
trol mechanism including a piston, means biasing the 
piston in one direction to increase pump output and a 
cylinder carrying the piston for receiving fluid pressure 
to move the piston in the opposite direction to decrease 
pump output; a pair of fluid pressure motors; a high pres 
sure line connected to the pump; a pair of motor control 
valves connected in parallel to the pressure line and 
respectively having independent motor lines leading 
respectively to the motors, each motor control valve 
being selectively settable to close or open the pressure 
line to its respective motor line; demand valve means 
including a chamber and a piston valve shiftable therein 
and separating said chamber into a pressure side con 
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nected to the pressure line ahead of the motor control 
valve and a pilot side connected to both motor lines for 
receiving pilot flow from whichever motor line is opened 
to the pressure line by its associated motor control valve, 
said connections to the motor lines including check valves 
operative respectively on the motor lines to prevent pilot 
flow from the opened motor line to the closed motor line, 
said demand valve means further including a port in the 
chamber at said pressure side and openable by the piston 
valve in response to line pressure ahead of both motor 
control valves, and means biasing the piston valve to 
close said port in opposition to line pressure and in con 
junction with pilot pressure from whichever motor line 
is opened by its associated motor control valve; a re 
stricted bleed line connecting the pilot side of the demand 
valve means to reservoir; a control line connecting said 
port to the pump control mechanism cylinder for supply 
ing fluid from the pressure side of the demand valve 
means to the mechanism piston; a restricted reservoir line 
leading from the control line to reservoir; and pressure 
limiting means connecting the control line to the pressure 
line between the pump and the demand valve means and 
including a relief valve and biasing means closing said 
relief valve, said relief valve biasing means being of 
greater value than the biasing means in the demand valve 
eaS. 

6. A fluid pressure system of the class described, com 
prising: a variable displacement pump having output 
control mechanism including a member movable in one 
direction by fluid pressure to decrease pump output and 
biased to move in the opposite direction to increase pump 
output; a pair of fluid pressure motors; a high pressure 
line connected to the pump; a pair of motor control valves 
connected in parallel to the pressure line and respectively 
having independent motor lines leading respectively to 
the motors, each motor control valve being selectively 
settable to close or open the pressure line to its respective 
motor line; demand valve means including a chamber and 
a piston valve shiftable therein and separating said cham 
ber into a pressure side connected to the pressure line 
ahead of the motor control valve and a pilot side con 
nected to both motor lines for receiving pilot flow from 
whichever motor line is opened to the pressure line by 
its associated motor control valve, said connection to 
the motor line including check valves operative respec 
tively on the motor lines to prevent pilot flow from the 
opened motor line to the closed motor line, said demand 
valve means further including a port in the chamber at 
said pressure side and openable by the piston valve in 
response to line pressure, ahead of both motor control 
valves and means biasing the piston valve to close said 
port in opposition to line pressure and in conjunction with 
pilot pressure from whichever motor line is opened by 
its associated motor control valve; a restricted bleed line 
connecting the pilot side of the demand valve means to 
reservoir; a control line connecting said port to the pump 
control mechanism for supplying fluid from the pressure 
side of the demand valve means to the mechanism mem 
ber; a restricted reservoir line leading from the control 
line to reservoir; and pressure-limiting means connecting 
the pressure line between the pump and the demand valve 
means to reservoir and including a relief valve and biasing 
means closing said relief valve, said relief valve biasing 
means being of greater value than the biasing means in 
the demand valve means. 

7. A fluid pressure system of the class described, 
comprising: a variable displacement pump having output 
control mechanism including a pressure chamber opera 
tive to vary pump output according to changes in pressure 
in said chamber; a fluid pressure motor; a high pressure 
line connected between the pump and motor; a motor 
control valve interposed in said line for selectively opening 
and closing said line to the motor; demand valve means 
including a chamber and a piston valve shiftable therein 
and separating said chamber into a pressure side connected 
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to the pressure line ahead of the motor control valve 
and a pilot side connected to said pressure line between 
said motor control valve and the motor, a port in the 
chamber at said pressure side and operable by the piston 
valve in response to line pressure, and means biasing 
the piston valve to close said port in opposition to line 
pressure and in conjunction with pilot pressure when 
the motor control valve is set to open the pressure line 
to the motor; a restricted bleed line connecting the pilot 
side of the demand valve means to reservoir; a control 
line connecting said port to the pump control mechanism 
chamber for supplying fluid from the pressure side of 
the demand valve means to said chamber; and a restricted 
reservoir line leading from the control line to reservoir 

8. A fluid pressure system of the class described, 
comprising: a variable displacement pump having out 
put control mechanism including a pressure chamber 
operative to vary pump output according to changes in 
pressure in said chamber; a two-way fluid pressure motor; 
a high pressure line connected to the pump; a motor 
control valve connected to the high pressure line and 
having a pair of motor lines connected respectively to 
opposite ends of the motor, said motor control valve 
being selectively settable to close the pressure line or 
to pressurize either motor line while connecting the other 
motor line to reservoir; demand valve means including 
a chamber and a piston valve shiftable therein and sep 
arating said chamber into a pressure side connected 
to the pressure line ahead of the motor control valve 
and a pilot side connected to both motor lines for receiv 
ing pilot flow from whichever motor line is pressurized 
by the motor control valve, said connection between said 
pilot side and motor lines including a pair of check valves 
for preventing pilot flow from the pressurized motor 
line to the other motor line, said demand valve means 
further including a port in the chamber at said pressure 
side and openable by the piston valve in response to line 
pressure ahead of the motor control valve and means bias 
ing the piston valve to close said port in opposition to line 
pressure and in conjunction with pilot pressure when 
the motor control valve is set to pressurize either motor 
line; a restricted bleed line connecting the pilot side 
of the demand valve means to reservoir; a control line 
connecting said port to the pump control mechanism 
chamber for supplying fluid from the pressure side of 
the demand valve means to said chamber; and a restricted 
reservoir line leading from the control line to reservoir. 

9. A fluid pressure system of the class described, 
comprising: a variable displacement pump having output 
control mechanism including a pressure chamber op 
erative to vary pump output according to changes in 
pressure in said chamber; a pair of fluid pressure motors; 
a high pressure line connected to the pump; a pair of 
motor control valves connected in parallel to the pressure 
line and respectively having independent motor lines 
leading respectively to the motors, each motor control 
valve being selectively settable to close or open the 
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10 
pressure line to its respective motor line; demand valve 
means including a chamber and a piston valve shiftable 
therein and separating said chamber into a pressure side 
connected to the pressure line ahead of the motor control 
valve and a pilot side connected to both motor lines for 
receiving pilot flow from whichever motor line is opened 
to the pressure line by its associated motor control valve, 
said connections to the motor lines including check valves 
operative respectively on the motor lines to prevent pilot 
flow from the opened motor line to the closed motor line, 
said demand valve means further including a part in 
the chamber at said pressure side and openable by the 
piston valve in response to line pressure ahead of both 
motor control valves, and means biasing the piston valve 
to close said port in opposition to line pressure and in 
conjunction with pilot pressure from whichever motor 
line is opened by its associated motor control valve; a 
restricted bleed line connecting the pilot side of the 
demand valve means to reservoir; a control line connecting 
said port to the pump control mechanism chamber for 
supplying fluid from the pressure side of the demand 
valve means to said chamber; and a restricted reservoir 
line leading from the control line to reservoir. 

10. A fluid pressure system of the class described, 
comprising: a variable displacement pump having output 
control mechanism including a pressure chamber opera 
tive to vary pump output according to changes in pressure 
in said chamber; a fluid pressure motor; a high pressure 
line connected between the pump and motor; a motor 
control valve interposed in said line for selectively 
opening and closing said line to the motor; a control 
line connected to the high pressure line ahead of the 
control valve and leading to the control mechanism 
chamber; a pilot line connected to the high pressure line 
between the control valve and motor; a differential 
pressure transducer for regulating the pressure and flow 
in the control line to vary the pressure in the control 
mechanism chamber, said transducer having pre-set 
therein a predetermined differential enabling the trans 
mission of pump pressure to said chamber at a predeter 
mined value when the control valve is closed whereby 
the pump output is a predetermined value, said transducer 
being connected to the pilot line and responsive to 
pressure therein when the control valve is opened for 
changing pressure in the control line so as to vary pump 
output in accordance with demand on the motor; and 
a restricted bleed line leading from the pilot line to 
enable the escape of fluid therefrom when the control 
valve is closed so that the transducer will again incur 
the aforesaid predetermined value of pressure in said 
chamber. 
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