Sept. 17, 1968 _ J. R. PLATE 3,401,521

HYDRAULIC CONTROL VALVE

Filed March 6, 1967




United States Patent Office

3,401,521
Patented Sept. 17, 1968

1

3,401,521
HYDRAULIC CONTROL VALVE
John R. Plate, Milwaukee, Wis., assignor to Allis-Chalmers
Manufacturing Company, Milwaukee, Wis.
Filed Mar. 6, 1967, Ser. No. 620,686
5 Claims. (ClL 60—52)

ABSTRACT OF THE DISCLOSURE

A directional control valve providing a preload sensing
of load pressure by a pressure responsive pump to elimi-
nate delay in pump response due to inherent pressure
build-up in the conventional hydraulic system as the load
is applied to the pump.

This invention relates to a hydraulic system and more
particularly to a directional control valve for preload
application of the load pressure to a pressure responsive’
pump.

A pressure responsive variable displacement pump in
a hydraulic system provides a means of maintaining high-
er pressures without delivery of a large volume of fluid.
The pressure responsive pump has the added advantage
of reducing the working pressure for the pump during
periods when maximum pressure is not required to
activate the load. The pressure responsive variable dis-
placement pump of the conventional type operates in re-
sponse to pump output. This type of operation has the
disadvantage of delayed response to the load applied.
Accordingly, this invention is intended to overcome this
disadvantage.

A directional valve initially connects the hydraulic
motor through a pilot line to the pressure sensing portion
of the variable displacement pump. Sequentially pres-
surized fluid from the pump is metered as it is applied
to the hydraulic motor to build up the pressure gradually
prior to actuation of the hydraulic motor.

The objects of this invention are accomplished by pro-
viding a pilot line through the directional control valve
for initially sensing the load pressure by the pressure re-
sponsive means of the pump for stroking and destroking
a variable displacement pump. Subsequently to sensing
of load pressure from the hydraulic motor, a metering
means is provided in combination with the directional
control valve to meter the pressurized fluid from the
pump, which is maintained at substantially 200 pounds
per square inch above the sensed load pressure, and for
applying pressurized fluid through a metering means to
the hydraulic motor. With further opening of the direc-
tional valve the load pressure is applied to the pump.

The preferred embodiment of this invention will be
described in the following paragraphs and illustrated in
the attached drawings of which:

FIG. 1 illustrates a cross section view of the directional
control valve with a schematic diagram of the hydraulic
system.

FIG. 2 illustrates a cross section view taken on line
IIIIof FIG. 1.

FIG. 3 is a fragmentary cross section view of the
metering groove and a pilot passage in the directional
control valve.

Referring to the drawings, the present invention is
illustrated in a directional hydraulic control valve by dual
check valve arrangement for transmitting the load signal
to the pump pressure compensator. This disclosure is
generally concerned with a closed end load sensitive
hydraulic system which uses a pressure compensated,
variable displacement pump and a directional control
valve to control a remote hydraulic motor. A control
valve is designed to sample load pressure down stream
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of the control valve. This is accomplished by providing
a pilot passage which transmits the load pressure signal
to the pump pressure compensator. Movement of the
control valve from its neutral position establishes a load
pressure sensing circuit and at the same time directs fluid
flow to the motor. The load sensing or pilot line connec-
tion is provided with a check valve to prevent back flow
from the pressure compensator circuit.

The valve assembly 1 is illustrated in cross section.
The hydraulic system is schematically illustrated and con-
nected to the directional control valve assembly 1. The
valve assembly 1 controls the flow of fluid from the pres-
sure compensator variable displacement pump 2. The
valve body 1 has an inlet port 3 connected to the conduit
4. The fiow control valve 60 receives pressurized fluid
from the inlet port 3 which is restricted by the variable
orifice in the end of spring biased sleeve 6. The probe 7
extends into the orifice and the sleeve 6 is biased in re-
sponse to a differential of pressure acting on the sleeve
6 to also close off port 10 leading to the passage 8 in
response to fluid pressure acting on the sleeve which
shifts axially against the biasing force of the spring 9.
The pressurized fluid is then admitted to the chamber 11
within the valve housing 12 of the directional control
valve assembly 1. The directional control valve 61 con-
trols the flow of fluid to the outlet passages 13 and 14.
The outlet passages 13 and 14 are in communication
with the conduits 15 and 16, respectively. The conduits
15 and 16 are connected to a double acting hydraulic
cylinder 17. The chamber 18 is connected to the conduit
16 and the chamber 19 is connected to the conduit 15.
The piston 20 is moved axially in response to admission
of pressurized fluid in either chambers 18 or 19 which
is controlled by the directional control valve 61 as previ-
ously mentioned.

The return passages 21 and 22 are in communication
with conduits 23 and 24 which are connected to the
reservoir 25. The return passages receive fluid exhausting
from the low pressure side of the piston 20 in the cylinder
17. The fluid is returned to the reservoir simultaneously
with admission of pressurized fluid on the opposite side
of the piston 20. In this manner the load is actuated in
one of two axial directions in response to the position of
the directional control valve 61. The pressure sensitive
variable volume pump 2 has a pressure sensing means 26
which is connected to a pilot line 27. The pilot line 27
is connected through a check valve 28 to the unidirec-
tional passages 29 and 3@ which also include the check
valves 31 and 32, respectively.

The passages 29 and 30 intersect the bore 33 in the

- housing 12. The bore 33 in the valve housing 12 has an

axially movable spool 34 slidable in the bore in response
to manual actuating means not shown. The valve spool
34 is formed with four annular grooves 35, 36, 37 and 38
and five lands 39, 40, 41, 42, 43. The valve passages 29
and 30 are formed by intersecting cross passages in which
are located the pressure opened directional valves in the
form of check valve assemblies 31, 32. The valve bore
33 is provided with metering grooves in the valve housing
12 to initially throttle the movement of pressurized fluid
from the pump to the hydraulic motor.

One end of the valve spool 34 is provided with detents
44 which are received in the plurality of recesses 45 on
the inner periphery of the sleeve 46.

The metering orifices 47 and 48 are formed in the valve
housing 12 within the bore 33. The metering orifices 47,
48 are formed by triangular shaped cross sectional
grooves formed in the housing which place the com-
munication between the chamber 11 which is connected
to the pump and to either of the chambers 13 or 14
which are in communication with the fluid motor 17.
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The orifices provide metering of pressurized fluid from
the pump subsequent to sensing of the motor pressure
through the pilot line 27, to the pressure responsive means
26 on the variable displacement pump 2. Similar meter-
ing grooves 49 and 50 provide metering of the fluid from
the chambers 13 and 14 to the return passages 21 and 22,
respectively.

The description refers to stroking or destroking of the
pump. Effectively this means changing the volume of dis-
placement of the pump for each cycle of operation. If
the pump is a reciprocating piston type pump, the length
of the stroke can be varied to change the volume of dis-
placement and therefore provide a variable displacement
in response to pressure signal from the motor line.

Referring to FIG. 3, the sequence of operation is more
clearly illustrated. The passage 29 is in communication
with the chamber 13 prior to metering through the orifice
47 of pressurized fluid from the chamber 11 to the cham-
ber 13 during operation of the valve 61. The spool 34
moves axially to the left in housing 12 to provide this
operation of pressure sensing and metering.

The operation of the control valve spool will be de-
scribed in the following paragraphs. When the control
valve spool 34 is shifted to the left from its shown neu-
tral position, the passage 29 and the pilot line 27 are
placed in communication with the load pressure in the
motor outlet passage 13, thereby transmitting a load sig-
nal to the pump compensator 26 just prior to transmitting
pressurized fluid from the inlet passage in the chamber
11. Since the compensator 26 maintains pump pressure at
approximately 200 pounds per square inch above load
pressure, the initial opening of the pressure sensing line
to the pump compensator establishes the pump pressure
200 pounds per square inch above load pressure at the
time the throttling grooves 47 are opened to emit pres-
surized fluid to the chamber 13. As the spool 34 continues
to move the metering groove 47 and passage 11 are
opened to the chamber 13 to allow pressurized fluid to
flow through the passage 11 and conduit 15 to actuate
the piston 20 in the cylinder 17. ‘Whether the pressurized
fluid is metered or the valve is completely open the com-
pensator senses the load pressure and strokes the pump
to maintain the 200 pounds per square inch pressure over
load pressure. This eliminates the need for the pump
to operate at full pressure during metering of the pres-
surized fluid and overcomes the problem of heat or horse-
power loss. With the present valve design, load checks
are not required because the pump is stroked to accept
the load pressure prior to being exposed to the load pres-
sure.

The same operation as described above will also be
accomplished if the spool valve is moved to the right
instead of the left except the hydraulic motor will move
in the opposite direction. Simultaneously with the actua-
tion of the fluid motor by the admission of pressurized
hydraulic fluid into the chamber 18 the chamber 19 de-
crease in volume causing a reverse flow of fluid into
conduit 15 and chamber 13 around the spool into the
return passage 21 and through the return conduit 23 to
the reservoir 25. The system as illustrated is the basic
system used in its simplest form. It is understood that
2 number of motors may be used and more than one di-
rectional valve in combination with the flow control
valve 6. The circuit must be designed to provide a pump
having adequate displacement to accommodate the
amount of fluid which may be used in operating more
than one fluid motor.

The preferred embodiments of this invention have been
illustrated and described and it is understood that other
embodiments might be devised which would fall within
the scope of this invention which is defined by the at-

tached claims.
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The embodiments of the invention in which an exclu-
sive property or privilege is claimed are defined as fol-
lows:

1. A directional control valve in a hydraulic system
for connection with a variable displacement pressure
compensating hydraulic pump having pressure compen-
sating means and a finid motor, said directional control
valve comprising, means defining inlet passage means for
receiving pressurized fluid from the pump, means defin-
ing outlet passage means for communication with the
hydraunlic motor, means defining pilot passage means in
communication with the pressure compensating means
of said variable displacement pump, means defining orifice
means communicating with said inlet passage means, a
valve element movably mounted in said directional con-
trol valve initially connecting said pilot passage means
to said outlet passage means for sensing load pressure by
said pressure compensating means of said variable dis-
placement pump and sequentially connecting said inlet
passage means through said orifice means to said outlet
passage means to thereby provide a load responsible
variable displacement pump for maintaining a predeter-
mined output pressure responsive to load pressure re-
quired by said hydraulic motor.

2. A directional control valve as set forth in claim 1
wherein said valve includes a valve housing defining a
central bore communicating with said inlet passage means
and said outlet passage means and said pilot passage
means, a valve spool reciprocally mounted in said bore
to control communication between said outlet passage
means and said pilot passage means initially and subse-
quently provide communication between said inlet means
and said outlet passage means.

3. A directional control valve as set forth in claim 1
wherein a pressure response flow control valve is posi-
tioned to communicate with said inlet passage means and
the variable displacement pump to regulate the rate of
flow of pressurized fluid to said inlet passage means.

4. A directional control valve as set forth in claim 1
wheréin said valve includes a valve housing defining a
central bore, means defining at least two outlet passages
in spaced relation to each other communicating with
said central bore, means defining an inlet passage means
positioned intermediate said {wo outlet passages com-
municating with said bore, a valve spool received in said
bore adapted for reciprocal movement to initially pro-
vide communication between one of said outlet passages
and said pilot passage means and subsequently provide
communication between one of said passages and said
inlet passage means through said orifice means.

5. A directional control valve as set forth in claim 1
wherein said valve includes a valve housing defining a
central bore, means defining two outlet passages com-
municating with said central bore in spaced relation to
each other, means defining an inlet passage intermediate
said two outlet passages communicating with said central
bore, a pilot passage communicating with said central
bore positioned intermediate each of said outlet passages
and said inlet passage, orifice means defining a groove in
said bore positioned intermediate said inlet passage and
each of said pilot passage means, a spool reciprocally
mounted in said bore to initially provide communication
between one of said outlet passages and one of said pilot
passages to transmit load pressure to the pressure respon-
sible compensating means of said pump, and subsequent-
ly provide metering of hydraulic fluid from said inlet
passage to said outlet passage for actuation of the hydrau-
lic motor.
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