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fluid power load responsive system having plurality of
loads. The valve maintains a selected constant flow

level for control of both positive and negative loads, ir
respective of the change in the load magnitude or
change in the fluid pressure, supplied to the valve. Sys
tem is powered by a single variable volume pump
equipped with a load responsive control, which auto
matically maintains pump discharge pressure at a level
higher than the pressure required by the system's larg
est load. Each direction and flow control valve is
equipped with a differential pressure regulating con
trol, which is responsive to the load pressure for con
trolling the negative loads and preferably a second dif
ferential pressure regulating control for controlling the
positive loads.
14 Claims, 4 Drawing Figures

Primary Examiner-Henry T. Klinksiek
Assistant Examiner-Robert J. Miller

Attorney-William N. Hogg

aZA M-2772?

A

NSN

NS&NE

AN

3.
2.

krit
re-rela,
N-SSSSSNXS.

NNER
Es474 E.

%2(ZN
Si2NR
TRN

a/aaaaaavaa.
AASSA2a

Co/7aavSavola

cow aoz

A

PATENTED Liosis

3,744,5l.
SEET . Of 3

H zoo war z
23A

N

S

NEN

NSN SSN,N
if
A9 36

39

N
E

22

SNNSESS
Š
SERSE
2NE

M6

-

%22%264

/O

F71 37

2

a/aaaaa/v7744.

A255//aa
COM7A7WSa7 Oa

cow aoz.
/2

29

A

3/

-

52

34

PATENTEDJUL 101973

3.744,517
SHEET 2 OF 3

zoo were

Ac/D M-777 (2?

M/

234

|
s

NE
NSN&
APIA
2.

e. EE2tts

27

N
rep

N

E

X 12/

SNX
NSSRy,
23RNSNYNESSSSSS)

is si's St
7

Zo/AA727/774, AA 55A/PA
43

66C 37A

COM7A7A5A70?
COMV77O/
32

A.

49

O

-

32

333 E.

34.

Ele

33

-66

is F3
4.

PATENTED JUL 101973

3.744,517
SEET 3 OF 3

4.

M/

-a-no

Finn

*

NEN
NES
NENN,

/7

a B. {{ B N

O
as

4

17s a

12

---O-R- PR
25 O2SCFC
s

7

a

N

c

F

ld 4/

SNNS
N &NY
2ZYX

XSGRN.

N

U

NSSS

54

64

604

7

A/AAA27/774A. AAES50/62

C

32

Ca2M-727/54772?

Ag

COM/7 Aca/

Z2

60

F774

1.

3,744,517

2
difference between the load pressure and the valve out
let pressure.

LOAD RESPONSIVE FLUID CONTROL VALVES
BACKGROUND OF THE INVENTION

This invention relates generally to load responsive
fluid control valves and to fluid power systems incorpo

rating such valves which systems are supplied by a sin
gle variable displacement pump, equipped with an au
tomatic load responsive control, and in which either
one or a plurality of loads is individually controlled
under positive and negative load conditions by separate

10

control valves.

Briefly the foregoing and other additional objects and
advantages of this invention are accomplished by pro
viding a novel flow control valve, constructed accord
ing to the present invention, for use in load responsive
central hydraulic systems. A flow control valve is posi
tioned between variable pump and each motor. Each
valve has an automatic valve outlet throttling section;
and, when a plurality of valves are used, each also has
an automatic inlet throttling section. Since load respon
sive pump control can only maintain a flow proportion
ality of one valve and one load at a time and since it
cannot control flow proportionality in control of nega

In more particular aspects this invention relates to
fluid power systems incorporating such valves capable
of controlling simultaneously a number of loads under 15 tive load, these valve inlet and outlet automatic throt
tling controls provide a constant pressure differential
both positive and negative conditions.
Closed center load responsive central hydraulic sys across valve spool, permitting retention of flow control
tems are very desirable for a number of reasons. They characteristics, with simultaneous control of all loads
permit load control with minimum of power losses and both positive and negative.
therefore, at high system efficiency and when control
Additional objects of the invention will become ap
ling one load at a time provide a feature of flow control, parent when referring to the preferred embodiment of
irrespective of the variation in the magnitude of the the invention as shown in the accompanying drawings
load. In such a system a load responsive variable dis and described in the following detailed description.
placement pump control automatically maintains pump
DESCRIPTION OF THE DRAWING
discharge pressure at a level higher, by constant pres 25
FIG. 1 is a longitudinal sectional view of one embodi
sure differential, than the pressure required to sustain
the load. A variable orifice, introduced between pump ment of a flow control valve including the control
and load, varys the flow supplied to the load, each ori mechanism used in control of negative loads with sys
fice area corresponding to a different flow level which 30 tem lines, pump and pump control shown diagramati
is maintained constant irrespective of variation in the cally;
FIG. 2 is a sectional view taken substantially along
magnitude of the load. The application of such a system
is, however, limited by two basic system disadvantages. the plane designated by the line 2-2 of FIG. 1;
FIG. 3 is a longitudinal sectional view of another em
The pump control can maintain a constant pressure dif
ferential and therefore constant flow characteristics
bodiment
of a flow control valve including two control
when operating only one load at a time. With two or 35 mechanisms used in control of multiple positive and
more loads, simultaneously controlled, only the highest negative loads with additional valve, pump, and power
lines shown diagramatically; and
of the loads will retain the flow control characteristics,
FIG. 4 is a longitudinal sectional view of still another
the speed of actuation of the lower loads varying with
the change in magnitude of the highest load. This draw 40 embodiment of flow control valve.
back can be overcome in part by the provision of a pro
DESCRIPTION OF THE PREFERRED
portional valve as disclosed in my U.S. Pat. No.
EMBODIMENTS
3,470,694, dated Oct. 7, 1969. However, while this
Referring now to the drawings, and for the present to
valve is effective in controlling positive loads it does
not retain flow control characteristics when controlling 45 FIG. 1, embodiment of a flow control valve, generally
negative loads, which instead of taking, supply the en designated as 10, is shown interposed between dia
ergy to the fluid system, and hence the speed of actua gramatically shown fluid motor 11 driving a load L and
tion of such a load in a negative load system will vary a variable flow pump 12, equipped with a conventional
with the magnitude of the negative load. Especially displacement changing mechanism (not shown). The
with so-called overcenter loads where a positive load 50 output of the pump is regulated by a differential pres
may become a negative load, such a valve will lose its sure compensator control 13. This preferably is of the
type shown in my U.S. Pat. No. 3,444,689. The variable
speed control characteristics in the negative mode.
flow
pump 12 is driven through shaft 14 by a suitable
SUMMARY OF THE INVENTION
prime mover, not shown.
The flow control valve 10 is a four-way type and has
It is therefore a principal object of this invention to
provide an improved valve for load responsive fluid 55 a housing 15 provided with a bore 16, axially guiding
power system, which will retain system flow control a valve spool 17. The valve spool 17 is equipped with
direction and flow control valves and load responsive

characteristics when controlling both positive and neg

lands 18, 19 and 20, which in the position shown will

ative loads.

isolate fluid inlet chamber 21, load chambers 22 and 23

It is another object of this invention to provide im 60
proved valve for load responsive fluid power system, in
which multiplicity of positive and negative loads can
be controlled, while the system speed control charac
teristics are retained.
It is a further object of this invention to provide an 65
improved valve for load responsive fluid power system,
which converts the energy of negative load by throt
tling, automatically maintaining a constant pressure

and outlet chambers 24 and 25 formed in the housing
15. The outlet chambers 24 and 25 are cross-connected
through passage 26 and are connected through passage

27 and bore 28 and guiding control spool 29, to exhaust

chamber 30.

The outlet of the pump 12 is connected through dis
charge line 31 to inlet chamber 21. The inlet of pump
12 is connected through line 32 to diagramatically
shown reservoir 33. Reservoir 33 is also connected by
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line 34 to the exhaust chamber 30. Pressure sensing
passages 35 and 36 communicate with the bore 16 be
tween inlet chamber 21 and load chambers 22 and 23
respectively and are blocked by land 19 of the valve
spool 17 in its neutral position, as shown in FIG. 1. The
pressure sensing passages 35 and 36 are connected
through line 37 to differential pressure compensator
13. Movement of the valve spool 17 to the right, from

the position as shown, will connect first the pressure
sensing passage 35 to the load chamber 22 and then

4
tending grooves 42 terminating in metering edge 43
providing communication between outlet chamber 25,
passage 26, outlet chamber 24, passages 27, and ex- .
haust chamber 30. (See also FIG. 2) Movement of con
trol spool 29 from right to left will gradually reduce the

effective area of the grooves 42, eventually metering

edge 43 cutting off communication between passage 27

and exhaust chamber 30.
10

connect the load chamber 22 with the inlet chamber

21. Movement of the control spool 17 to the left will
first connect the pressure sensing passage 36 to the
load chamber 23 and then connect the load chamber
15
23 with the inlet chamber 21.

regulate the pump discharge pressure in response to the
load pressure signal transmitted through line 37. In ab
sence of any signal, corresponding to the blocked posi 20
tion of sensing passages 35 and 36 as shown in FIG. 1,
the pump control automatically brings the variable
pump into zero flow condition, at a minimum prese
lected pressure level, thus operating at minimum
standby power loss. Movement of the land 19 of valve 25
spool 17 to right will connect pressure sensing passage
35 to load chamber 22 and transmit the load pressure
signal through line 37 to differential pressure compen
sator control 13. The differential pressure compensator
control 13 will then automatically adjust the displace 30
ment of variable pump 12 to maintain its discharge
pressure and therefore pressure in the inlet chamber 21
at a level higher, by a fixed pressure differential, than
the load signal pressure in the load chamber 22.
Further movement of land 19 to the right will con 35
nect inlet chamber 21 to load chamber 22, resulting in

a fluid flow from chamber 21 through line 22A to the

40

ume of flow per unit time will be proportional to the
area of the orifice opened between chambers 21 and 22

and constant for each specific area, irrespective of the
actual pressure level in the load chamber 22. Since the
area of the orifice between chambers 21 and 22 is pro
portional to the travel of the valve spool 17, the fluid
flow from inlet chamber 21 to load chamber 22 will
also be proportional to the displacement of the valve
spool 17, each specific position of the valve spool 17
corresponding to a specific constant fluid flow level,
irrespective of the magnitude of the pressure level re
quired to operate the load.

will now be described.

ber 23. Pressure in load chamber 22, transmitted

through pressure sensing passage 35 will activate,
through line 37, the differential pressure compensator
13, in the manner as previously described. Simulta
neously, pressure signal from load chamber 23 will be
supplied through sensing passage 39 and will be trans
mitted to space 41 through passage 40.

Assume that the positive load generates a positive

sustaining pressure in load chamber 22. Then the load

chamber 23 will be at zero pressure and therefore zero
pressure signal is transmitted through pressure sensing
passage 39 to space 41. Further movement of valve
spool 17 from left to right will connect load chamber

22 to inlet chamber 21 and load chamber 23 to outlet
chamber 25. Since in the position as shown control
spool 29 connects outlet chamber 25 with exhaust
chamber 30, the fluid flows from inlet chamber 21 to

load chamber 22 and through line 22A to fluid motor
11 and out of fluid motor 11 through line 23A to load
chamber 23 and outlet chamber 25, which through pas
sage 26, outlet chamber 24, passage 27, and control
spool 29 is connected to exhaust chamber 30, which in
turn through line 34 is connected to reservoir 33. For

the positive load condition as just described the speed

orifice between the inlet chamber 21 and load chamber

45

22 and the fixed pressure differential, maintained be
tween these two chambers, by the differential pressure

compensator control.
However, assume that during the above actuation of

the fluid motor the load characteristics changed from

50

55

60

Additional pressure sensing passages 38 and 39 are

provided in the bore 16 between the load chamber 22
and outlet chamber 25 respectively. The pressure sens
ing passages 38 and 39 are connected by passage 40
with a fluid receiving space 41. Control spool 29,
guided in bore 28, is equipped with longitudinally ex

open at first pressure sensing passage 35 to load cham

of the fluid motor is fully controlled by the area of the

In a similar fashion, with movement of the valve

spool 17 in opposite direction, the fluid from inlet
chamber 21 to load chamber 23 is controlled and sup
plied to the opposite side of the fluid motor through
line 23A. The foregoing regulation is in the positive
load mode and does not per se constitute the present
invention. The regulation in the negative load mode

fice 45, drillings 46 and 47 to exhaust chamber 30.
Movement of the valve spool 17 from left to right will

ber 22 and pressure sensing passage 39 to load cham

As described in U.S. Pat. No. 3,444,689, the differen
tial pressure compensator control adjusts pump flow to

fluid motor. Since the pressure in chamber 21 is main
tained at a fixed pressure differential with respect to
load chamber 22 by the variable pump control, the vol

Movement of the control spool 29 from right to left
is opposed by differential spring 44, normally biasing
control spool 29 into the fully open position shown in .
FIG. 1. Space 41 is connected through resistance ori

and outlet chamber 24 and between load chamber 23

65

positive to negative. With the valve spool 17 displaced
to the right the pressure in the load chamber 22 would
drop to zero. This pressure signal, transmitted through

the pressure sensing passage 35, would bring the pump
discharge pressure to the minimum standby level
through the differential pressure compensated control,
the pump automatically supplying required flow at this
minimum pressure level. Due to the action of the nega

tive load the pressure would be generated in load
chamber 23 and this a pressure signal transmitted
through pressure signal passage 39 and passage 40 to
space 41. Also, the pressure in the load chamber 23,

reacting on the cross-section area of control spool 29,
overcomes the preload force of differential spring 44,
moving the control spool 29 from right to left. This
movement will reduce the effective area of grooves 42

as the metering edge 43 approaches cut-off face 50.
Resistance to flow through grooves 42 will raise the
pressure in the passage 27 and outlet chamber 25 until
a condition of force equilibrium is achieved. Under this

3,744,517
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and the valve operates in an identical manner to con
trol negative loads. However this valve will also control
positive loads. The mechanism for this function is as
follows.
Supply chamber 21A is connected through passages

S
condition of equilibrium, force generated due to pres
sure in load chamber 23 transmitted to space 4
through passage 40, reacting on the cross-section area
of valve spool 29, is balanced by the force generated
due to the pressure in passage 27, acting on the cross
section area of control spool 29 plus the biasing force
of differential spring 44. Therefore under these condi
tions, control spool 29 will automatically assume a

54 and 55, of inlet control valve 55A, to inlet chamber

56, through which line 57 is connected to the outlet
port of the pump. Load sensing line 37, in communica

tion with load sensing passages 35 and 36, is connected

throttling position, maintaining a constant pressure dif

ferential between load chamber 23 and outlet chamber

10

25. This constant pressure differential is equal to pre
load of differential spring 44 divided by cross-section
area of the control spool 29.
Since modulating control spool 29 maintains by
throttling action a constant pressure differential be

5

tween load chamber 23 and outlet chamber 25, flow

between these two chambers will be directly propor
tional to the area of orifice created by valve spool 17
between these chambers and constant for each particu

lar value of this area irrespective of the pressure level

20

in load chamber 23 sustaining the negative load. Pre

load in the differential spring 44 can be so selected that
the equivalent constant pressure differential is the same
as the constant pressure differential, regulated by the
pump control. In this way the flow control characteris 25
tics of the valve can be maintained in both directions
of fluid motor operation irrespective of the magnitude
of the positive or negative load.
When starting with a negative load, displacement of
the valve spool 17 in appropriate direction will transmit 30
first a zero pressure signal to the pump control and a
load sustaining pressure signal to the control spool 29.

through check valve 57A and line 60 to differential
pressure compensator 13. Similarly, control valve 52 is
connected through load sensing line 58 and check
valve 59 and line 60 to the differential pressure com
pensator control. Load sensing line 37 is connected
through line 60A to space 61. The control valve 55A
which extends into space 61 is biased towards position
as shown by differential spring 62. (As noted above, the
operation of control valve 29 of FIG. 3 is identical to
operation of control valve 29 of FIG. 1, the control
valve maintaining a constant pressure differential be
tween appropriate load chamber and outlet chambers
24 and 25 and passage 27.)
Assume the flow control valve 51 is actuated, the

flow control valve 52 remaining in its neutral position.
Assume that when actuating the flow control valve 51
the spool valve 17 was moved from left to right, con
necting load sensing passage 35 to load chamber 22.
Assume that load chamber 22 is subjected to pressure
sustaining positive load. Pressure signal from load sens
ing passage 35 will be transmitted through lines 37 and
through check valve 57A and line 60 to differential
pressure compensator control 13, which in a manner as

Since at that time the load chamber sustaining the neg

previously described, will adjust the displacement con

ative load pressure is still isolated from the outlet 35
chamber, the control spool 29 will move all the way
from right to left under the generated load pressure,
isolating passage 27 from the exhaust chamber 30. Fur
ther movement of valve spool 17 will connect the pres
surized load chamber with the outlet chamber, gradu
ally increasing the pressure in passage 27, until control 40
spool 29 moves to its modulating position maintaining
a constant pressure differential in a manner as already
described. In this way flow control feature will be re
tained during operation of negative load.
Movement of the valve spool 17 from right to left 45
from the position shown will actuate the fluid motor 11
in the opposite direction, with the chamber 23 becom
ing the inlet chamber and chamber 24 becoming the
outlet chamber. Thus the valve is double acting in that 50
it controls negative loads in either direction of move
ent.
To allow for leakage and increase stability of the con
trol a resistance orifice 45 is provided which connects
space 41 through passages 46 and 47 with exhaust 55
chamber 30. The area of resistance orifice 45 is very
much smaller than the area of pressure signal passages

trol of variable volume pump 12 to maintain inlet
chamber 56 at a pressure higher by a fixed pressure dif
ferential than the pressure in load chamber 22.
The pressure signal from line 37 will also be transmit
ted through line 60A to space 61. Control valve 55A is
then subjected to pump discharge pressure, transmitted
through passages 55 and 54 to supply chamber 21A,
acting on the cross-sectional area of the control valve
55A in one direction and the pressure existing in load
chamber 22, connected to space 61, acting on the
cross-section of control valve 55A, plus the preload of
the differential spring 62 in the opposite direction. As

38 and 39.

Referring now to FIG. 3, another embodiment of a
flow control valve, generally designated as 51, is shown

interposed between fluid motor 11 and variable dis
placement pump 12. A second similar schematically

the cross-section area of control valve 55A so the con

trol valve 55A, subjected to these forces, will remain in
position as shown in FIG. 3. Therefore as long as differ
ential pressure compensated control 13 controls the
variable flow pump 12 to maintain a constant pressure
differential between pump discharge pressure and the
appropriate load chamber pressure, the control valve

60 55A will remain inactive. Under these conditions flow

control valve 51 will perform in an identical way as
control valve 10 of FIG. 1, when controlling both posi
tive and negative loads.

shown flow control valve 52 is interposed between a
second fluid motor 53 and the variable displacement

pump 12. The general configuration of the flow control
valve 51, including the valve spool 17, control spool 29,
position of the outlet and load chambers and location
of the pressure sensing passages are identical to FIG. i

already mentioned the pressure in space 61 is always
smaller by a constant pressure differential than the dis
charge pressure of the pump and therefore pressure in
inlet chamber 56 and supply chamber 21A. The pre
load in the differential spring 62 is so selected that it
equals this constant pressure differential, multiplied by

However, assume that the flow control valves 51 and

65

52 are actuated simultaneously. In this case the flow
control valve, having the highest load controls the out
put pressure from the pump due to well known action
of check valves 57A and 59 whereby the higher load

3,744,517
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pressure signal will be transmitted from control valve
52 to differential pressure compensator control 13.
Assuming that the load from motor 53 is higher the
check valve 59 passes the signal but check valve 57 A
isolates the higher pressure signal from lines 37 and
60A. In a manner as previously described, the differen
tial pressure compensator control 13 will respond to
the load control signal from flow control valve 52, the
flow control valve 52 fully retaining flow control fea
tures in control of the higher load. However in the case
of valve 51 the pump discharge pressure in line 57 will
exceed the control fixed pressure differential, disturb
ing the equilibrium of the control valve 55A. Under the
action of unbalanced forces, control valve 55A will
move from right to left, gradually moving metering
edge 63 of control valve 55A toward face 64, thus re
ducing the effective area between inlet chamber 56 and
supply chamber 21A. The movement will continue
which will reduce the pressure in chamber 21A until
equilibrium is restored. Since, as previously described,
the preload in the differential spring 62 is equal to the
product of the constant differential pressure of the
pump control and cross-section area of the control

O

However, since load chamber 23 is connected to outlet

15

tling the excess pressure in the inlet chamber 56 and 25
maintain the supply chamber 21A at a fixed pressure
differential above the load signal from the appropriate
load chamber. If the load should become negative, the
pressure in the load chamber 22 would drop to or near
zero. This would cause the valve 55A to move further 30
from right to left; throttling most of the pressure of
chamber 56 to maintain constant pressure differential
between supply chamber 21A and load chamber 22.
Simultaneously the pressure in the load chamber 23
would increase actuating the valve 29 as previously de 35
scribed to control the negative load.
In this way both valves 52 and 51 when operated si
multaneously will fully retain the flow control charac
teristics in control of both positive and negative loads. 40
Valve 51 also is double acting and will control both
positive and negative loads in either direction depend
ing upon the direction of movement of valve spool 17.
Referring now to FIG. 4, yet another flow control
valve generally designated as 65 is shown. This valve is 45
similar to that of FIG. 3 with respect to control of posi
tive loads but has a modified negative load control sec
tion. A negative control spool 66 is located in a bore 67
connecting outlet chambers 25 and 24 and an exhaust
chamber 68. In its normal position control valve 66, 50

under action of differential spring 69, maintains the

sectional area of control valve 66 will move it from

right to left against preload of differential spring 69,

tween load chamber 23 and outlet chamber 25, propor
tionally reducing the flow between these two chambers.
This in turn will tend to increase the pressure in the
load chamber 22 and therefore pressure in space 70,
modulating the throttling action of the control valve
66, to maintain flow control during operation of nega
tive load. In this way control valve 65 of FIG. 4 is capa
ble of controlling in a multiple load system both posi
tive and negative loads. This valve also is double acting
in that it can control in either direction of movement
of the motor.

Although preferred embodiments of this invention
have been shown and described in detail it is recog
nized that the invention is not limited to the precise
forms and structure shown and various modifications
and rearrangements as will readily occur to those
skilled in the art upon full comprehension of this inven
tion may be resorted to without departing from the
scope of the invention as defined in the claims.
What is claimed is:
1. A valve assembly comprising a housing having a
fluid inlet chamber, a fluid load chamber, a fluid outlet
chamber, and a fluid exhaust means, first valve means

for selectively interconnecting said load chamber with

said inlet chamber and said outlet chamber to meter
fluid flow to and from said load chamber, and second

valve means interconnecting said outlet chamber and

said exhaust means operable to maintain a constant
pressure difference between said load chamber and
said outlet chamber when said load and outlet cham

bers are interconnected and said load chamber is pres
55

pump differential pressure compensator control and

then connecting load chamber 22 with supply chamber
21A and load chamber 23 with outlet chamber 25. As
sume also that chamber 22 is subjected to pressure of
a positive load. In a manner as previously described, a
pressure signal from the compensator control will be
supplied through pressure sensing passage 35 to the
pump control, adjusting it accordingly. A pressure sig
nal will also be supplied from the compensator control
to space 70. Pressure in space 70 acting on cross

chamber 25 and since load chamber 23 is now pressur
ized, due to the action of negative load, the speed of ac
tuation of the negative load will tend to increase, fur
ther reducing pressure in the load chamber 22. Since
load chamber 22 is connected with space 70 through
pressure sensing passage 35 and lines 37 and 71, the
differential spring 69 will move the control valve 66
from left to right. This will restrict the passage opening
around bore 67 thus increasing the pressure in the out
let chamber 25. This increase in pressure in outlet
chamber 25 will reduce the pressure differential be

valve 55A, the control valve 55A will modulate, throt

passage between outlet chambers and exhaust chamber
68 closed. Space 70 is connected with pressure sensing
passages 35 and 36 through lines 37 and 71.
Assume that valve spool 17 was moved from left to
right connecting first pressure sensing passage 35 to

8
opening the passage between exhaust chamber 68 and
outlet chambers 25 and 24 and will maintain it open as
long as a positive load is operated from load chamber
22.
Assume that midway through the actuation the posi
tive load would become a negative load and the pres
sure in the load chamber 22 would start dropping to
zero level. The differential pressure compensator con
trol will still maintain a constant pressure differential
between supply chamber 21A and load chamber 22.

surized.

2. A valve assembly as set forth in claim 1 wherein
said second valve means is operable directly responsive
to fluid pressure in said load chamber.
3. Valve assembly as set forth in claim 1 wherein said

60

first valve means includes a valve spool axially guided
in a spool bore and movable from a neutral position to
at least one actuated position, said valve spool isolating
said load chamber from said fluid inlet chamber and

65

said fluid outlet chamber and said second valve means
when in the neutral position.
4. A valve assembly as set forth in claim 3 wherein
said housing includes a pressure signal passage inter
connecting said spool bore and said second valve

9
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interconnecting said fluid load chambers with said fluid
supply chamber and said fluid outlet chamber to meter

means, said valve spool when displaced from its neutral
position toward an actuated position first interconnect
ing said load chamber with said second valve means
through said pressure signal passage and then intercon
necting said load chamber with said outlet chamber.
5. A valve assembly as set forth in claim 1 wherein
said second valve means includes a control spool
guided in a bore interconnecting said outlet chamber

fluid flow to and from said load chambers, second valve
means interconnecting said outlet chamber and said ex
haust means and operable to provide a passage be
tween said outlet chamber and said exhaust means

open above a preselected pressure level in the load
chamber connected by said first valve means to said

supply chamber and progressively reduce said passage

and said exhaust means.

6. A valve assembly as set forth in claim 5 wherein
said control spool is biased in one direction both by
pressure in said outlet chamber and by spring means
and in the other direction by pressure in said load

O

opening upon pressure in said load chamber connected
by said first valve means to said supply chamber drop
ping below said preselected pressure level, and third
valve means interconnecting said fluid inlet chamber

chamber.

7. A valve assembly comprising a housing having a

10

15

and said supply chamber operable to maintain a cons
tant pressure difference between said fluid supply

fluid inlet chamber, a fluid supply chamber, a fluid load

chamber and said fluid load chamber connected

chamber, a fluid outlet chamber and fluid exhaust

thereto.

-

12. A fourway fluid control valve assembly compris
ing a housing having an outlet chamber, first and sec

means, first valve means for selectively interconnecting
said fluid load chamber with said fluid supply chamber

and said fluid outlet chamber to meter fluid flow to and 20 ond load chambers, an inlet chamber, a valve bore in
direct communication with said aforementioned cham

from said load chamber, second valve means intercon

necting said outlet chamber and said exhaust means op
erable to maintain a constant pressure difference be

tween said fluid outlet chamber and said fluid load

chamber when said load chamber is pressurized and
connected to said outlet chamber, and third valve

means interconnecting said fluid inlet chamber and
said supply chamber and operable to maintain a cons
tant pressure difference between said fluid load cham
ber and said fluid supply chamber when said chambers
are interconnected by said first valve means and said
supply chamber is pressurized.
8. Valve assembly as set forth in claim 7 wherein said
second valve means is operable responsive to fluid
pressure in said load chamber when said load chamber
is connected to said outlet chamber by said first valve
means, and said third valve means is operable respon
sive to fluid pressure in said load chamber when said
load chamber is connected to said supply chamber by
said first valve means.

bers, said valve bore axially guiding a valve spool hav
ing lands, said valve spool having a neutral position in
which said lands isolate said chambers, an exhaust
25. chamber in said housing, valve means interconnecting
said outlet chamber and said exhaust chamber and op
erable to maintain a constant pressure differential be
tween either one of said load chambers which is pres
surized and said outlet chamber when connected
30 thereto, said valve means including a control spool
guided in a control bore, fluid throttling means on said

control spool to control fluid flow between said outlet

35

bers when the control bore is connected thereto and
40

ber and said control bore, second pressure signal pas
sage interconnecting another region of valve bore be

45

chamber and said fluid outlet chamber and said second
valve means and said third valve means when in the

neutral position.

10. A valve assembly as set forth in claim 9 wherein
said housing includes a first signal passage intercon
necting said spool bore and said second valve means
and a second signal passage interconnecting said spool

50

second load chamber to said inlet chamber, said valve
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load chamber to said inlet chamber, whereby the valve
will control a load under negative load conditions.
13. A fourway fluid control valve assembly compris
ing a housing having an outlet chamber, first and sec

ond load chamber to said outlet chamber and said first

chamber with said third valve means through said sec

ond signal passage and then interconnects said load
chamber with said supply chamber.
11. A valve assembly comprising a housing having a
fluid inlet chamber, a fluid supply chamber, first and
second fluid load chambers, a fluid outlet chamber and

fluid exhaust means, first valve means for selectively

ber and said control bore, said first and second pressure
signal passages being blocked by said valve spool in its
neutral position, said valve spool when displaced from
its neutral position in one direction first interconnect
ing said first load chamber through said first pressure
signal passage to said control bore and then connecting

spool when displaced from its neutral position in the
opposite direction first interconnecting said second
load chamber through said second pressure signal pas
sage to said control bore and then connecting said sec

direction it first interconnects said load chamber, with
said second valve means through said first signal pas

sage and then interconnects said load chamber with
said outlet chamber and when said valve spool is dis
placed in other direction it first interconnects said load

tween said outlet chamber and said second load cham

said first load chamber to said outlet chamber and said

bore and said third valve means, said first and second

signal passages being positioned such that when said
valve spool is displaced from the neutral position in one

said load chamber is pressurized, first pressure signal

passage interconnecting one region of said valve bore
between said outlet chamber and said first load cham

9. A valve assembly as set forth in claim 7 wherein

said first valve means includes a valve spool axially
guided in a spoolbore and movable from a neutral posi

tion to at least one actuated position, said valve spool
isolating said load chamber from said fluid supply

chamber and said exhaust chamber, said control spool
being biased in a direction to increase fluid flow by
pressure in said outlet chamber when said control bore
is connected thereto and by spring means and in the
other direction by pressure in one of said load cham

ond load chambers, a supply chamber, a valve bore in
direct communication with said aforementioned cham
65

bers, said valve bore axially guiding a valve spool hav

ing lands, said valve spool having a neutral position in

which said lands isolate said chambers, an exhaust

chamber in said housing, first valve means intercon
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necting said outlet chamber and said exhaust chamber

and operable to maintain a constant pressure differen

14. A fourway fluid control valve assembly compris
ing a housing having an outlet chamber, first and sec
ond load chambers, a supply chamber, a valve bore in

tial between either one of said load chambers which is

pressurized and said outlet chamber when connected
thereto, said first valve means including a first control
spool guided in a first control bore, first fluid throttling
means on said first control spool, said first control
spool being biased in one direction by pressure in said

direct communication with said aforementioned cham

bers, said valve bore axially guiding a valve spool hav
ing lands, said valve spool having a position in which
said lands isolate said chambers, an exhaust chamber in

outlet chamber when connected to said first control

bore and by spring means and in the other direction by
pressure in one of said load chambers when connected
thereto, an inlet chamber in said housing, second valve
means interconnecting said supply chamber and said
inlet chamber operable to maintain a constant pressure

10

differential between either of said load chambers when 15

pressurized and said supply chamber when connected
thereto, said second valve means including second con
trol spool guided in a second control bore, second
throttling means on said second control spool to throt
tle fluid flow between said inlet chamber and said sup
ply chamber, said second control spool being biased in
a direction to lessen fluid flow by pressure in said sup
ply chamber when connected thereto and in a direction
to increase fluid flow by pressure in one of said load
chambers when connected thereto and spring means,
first pressure signal passage interconnecting one region
of the valve spool bore between said outlet chamber
and said first load chamber and said first control bore,
second pressure signal passage interconnecting another
region of the valve spool bore between said outlet
chamber and said second load chamber and said first
control bore, a third pressure signal passage intercon
necting another region of valve spool bore between
said first second load chamber and said supply chamber
and said second control spool, said first, second, third
and fourth pressure signal passages being blocked by
said valve spool in its neutral position, said valve spool
when displaced from its neutral position in one direc
tion first interconnecting said first load chamber
through said first pressure signal passage to said first
valve means and said second load chamber through
said fourth pressure signal passage to said second valve
means and then interconnecting said first load chamber

25

said housing, first valve means interconnecting said
outlet chamber and said exhaust chamber and operable
to maintain passage between said chambers open above
preselected pressure level in said load chamber con
nected to said supply chamber and progressively re
duce said passage upon pressure in said load chamber
connected to said supply chamber dropping below said
preselected pressure level, said first valve means in
cluding first control spool guided in a control bore, first
fluid throttling means on said first control spool, said
first control spool being biased in a direction to in
crease the fluid passage by pressure in said load cham
ber connected to said supply chamber and a direction
to reduce fluid passage by spring means, an inlet cham
ber in said housing, second valve means interconnect
ing said supply chamber and said inlet chamber opera
ble to maintain a constant pressure differential between
said load chamber that is connected to the supply
chamber and the supply chamber, said second valve
means including a second control spool guided in a sec
ond control bore, second throttling means on said sec
ond control spool, said second control spool being bi
ased in a direction to decrease fluid flow by pressure in
said supply chamber and in a direction to increase flow

by pressure in the load chamber and a spring means,

35
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with said outlet chamber and said second load chamber

with said supply chamber, said valve spool when dis
placed from its neutral position in opposite direction
first interconnecting said second load chamber through
said second pressure signal passage to said first valve
means and said first load chamber through said third
pressure signal passage to said second valve means and
then interconnecting said second load chamber with

12

load under both positive and negative load conditions.

45

first pressure signal passage interconnecting an area of
valve spool bore between said first load chamber and
said supply chamber and said second control spool,
second pressure signal passage interconnecting an area
of valve spool bore between said second load chamber

and said supply chamber and said second control spool,
said first and second pressure signal passages being
blocked by said valve spool in its neutral position, said
valve spool when displaced from its neutral position in
one direction first interconnecting said first load cham
ber through said first pressure signal passage to said
second control spool and then interconnecting said first
load chamber to said supply chamber and said second
load chamber to said second outlet chamber, said valve

SO

said outlet chamber and said first load chamber with

said supply chamber, whereby the valve will control a
55
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spool when displaced in opposite direction first inter
connecting said second load chamber with said supply
chamber and said first load chamber to said first outlet
chamber, whereby the valve assembly controls a load
under both positive and negative load conditions.
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In Interference No. 99,003 involving Patent No. 3,744,517, T. Budzich,
verse to the patentee was rendered Dec. 4, 1975, as to claime 1 and 2.
Official Gazette March 23, 1976.
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