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@ Hydraulic control system for a hydraulic actuator.

A hydraulic contro! system comprising a hydraulic ac-
tuator (20) having opposed openings adapted to alternately
function as inlets and outlets for moving the element (21) of
the actuator in opposite -directions, a pump for supplying
fluid to the actuator, and a meter-in vaive (27) to which the
fluid from the pump is supplied. The meter-in valve (27) is
pilot controlled by alternately supplying fluid at pilot pres-
sure to the meter-in valve (27) for controlling the direction
of movement of the actuator. A pair of lines (32, 33) extend
from the meter-in valve (27) to the respective openings of
the actuator. Valves (34, 35) are positioned between a tank
passage and each opening of the actuator for controtling the
flow of fluid between the actuator and the tank passage; and
at least one of these valves (34, 35) is normally open and
pilot operated.
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POWER TRANSMISSION

This invention relates to power transmission in
hydraulic systems that are found, for example, on mobile

equipment such as excavators and cranes.

Background and Summary
of the Invention

In United States Patent No. 4,201,052, incorporated

. herein by reference, there is disclosed a pilot pressure

operated high pressure load senszing valve system incor-

porated in a valve body designed to be mounted directly

‘on an actuator to be controlled such as a hydraulic cyl-

. inder or hydraulic motor. The valve system accurately

controls the position and speed of operation of the
actuator. o ’
In brief, the valve s/stem disclosed in the afore-

mentioned patent comprises an independent pilot operated

. meter-in element; a pair of load drop check valves; a

pair of independently operated normally closed meter-out
elements; a pair of load pressure responsive valves; and
a pair of anti-cavitation valves. The meter—-in element
functions to direct fluid flow to one or the other of the
actuator ports. The normally closed meter-out elecments
are associated with each of the actuator ports for con-
trolling fluid flow from the port opposiﬁe to the actu-
ator port to which the metex-in element is directing
flﬁid. The meter-out elenents function as wvariable
orifices metering fluid between the appropriate actuator

port and a low pressure zone such as a reservoir tank.



10

20

30

*

-2- 0080135 -

Each of the meter-out elements has associated therewith
the load pressure responsive valves which act on the
meter-out elements in response to load pressure to enable
the meter-out elements to also provide pressure relief
protection. The anti-cayitation valves are associated
with each of the actuator ports and are adapted to open
the appropriate port to tank. ) _

The valve system is directly mounted to the actuator
port manifold and is supplied by one full flow high pres-
sure line, a pair of pilot pressure lines, and a load
sensing line. The operation of the valve system is con-
trolled through the-pilot.linés from a manually operated
hydraulic remote control valve. In the absence of a
command signal from the hydraulic remote control, the

meter-in element assumes a centered or neutral position

.with the check valves, the meter-out elements, the pres-

sure responsive valves, and the anti-cavitation valves,
all in closed position. In the neutral position, the
¢alve system prevents uncontrolled lowering of loads

and in the case of overrunning loads, prevents fluid
flow from the high pressure fluid source to the actuator
even in the event of a ruptured line. Since the valve
system is a load sensing system, the pump output is made
to match that which is required by the load. In contrast,
in a non-load sensing system, the pump output may exceed
that required by the load with the excess power being
dissipated as heat.

Under certain conditions, it may not be possible

‘or desirable to mount the valve system directly to an

actuator. Such conditions may exist due to space limi-
tations on the actuator or where it is desirable to
limit the number of supply and pilot lines, such as to
the topmost section of a telescoping boom Or when a
brake, such as in a winéh—type application, 1is required

between the actuvator and valve system. Under these

- conditions, the valve system is mounted on the equipment
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remote from the actuator with a pair of lines running to
the actuator port manifold. -In one of these situations,
it may be desirable to interpose a conventional counter-
balance valve between one of the actuator port lines and
the valve system, The counterbalance valve provides for
controlled lowering and holding of the load at the actu-
ator port manifold.

In another situation when a stable load is involved,
it may be desirable to interpose a pilot operated check
valve between the actuator port and the valve system.
The pilot operated qheck valve provides for positive
holding of the load, that is, holding the load stable
with zero drift. '

Also, in many applications, the need arises for a

-linear hydraulic cylinder to have a float position or

a rotary hydraulic motor to have a free swing or coast
pﬂ;asition° In either of these applications, the imple-

ment at the end of the cylinder or a swing drive for a

boom are allowed to coast to a stop due to frictional

forces in the system.
The valve system disclosed in the aforementioned

patent does nct lend itself to use in the circuit ap-

- plications mentioned above; namely, the use of counter-

balance valves, pilot operated check valves, brakes and
free float or swing of the actuator. This is mainly due
to the normally closed condition of the meter-out valve
elements,

Accordingly, it is an object of the present inven-
tion to provide a valve system of the aforementioned

type which is operable with the use of counterbalance
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valves, pilot opérated check valves, brakes, and free
floating or swinging actuators.,

In accordance with the invention, the above de-
scribed control valve system is provided with a pair
of normally open exhaust. valves positioned between a
tank passage and actuator ports so that with the meter-
in valve in the neutral position, both zZctuator ports
are open to the tank passage through fhe normally open
meter-out valves and the actuator will be free to move,
as, for example, in the‘case of a free.coasting boom,
However, when a pilot signal is applied to the meter-
in valve to move the actuator in one direction, pilot
pressure is also applied to close the appropriate ex-~

haust valve preventing flow of £fluid from the pump to

"the tank passage with the other exhaust valve remain-

ing open to the tank passage., Where a counterbalance

valve is utilized in association with one opening of an

~actuator for controlling lowering and holding of a load,

a single normally open exhaust valve is provided between
that actuator opening and the tank passage. Where an
external brake is provide? for holding a load, a single

normally open exhaust valve is also provided between

e,

Description of the Drawings

FIG. 1 is a schematic drawing of the hydraulic cir-
cuit embodying the invention,

FIG. 2 is a schematic drawing of another modified
hydraulic circuit.

FIG. 3 is a schematic drawing of another modified

hydraulic circuit.
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FIG. 4 is a schematic drawing of another modified
hydraulic circuit, |
FIG, 5 is a fragmentary sectional view of a meter-

out valve utilized in the system,
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Description

‘Referring to FIG. 1, the hydraulic system embody—~
ing the invention comprises an actuator 20, herein shown
as a linear hydraulic cylindex, having an output shaft
21 that is moved in opposite directions by hydraulic
£luid supplied from a variable displacement pump system
22 which has load sensing control in accordance with
conventional construction. The hydrauiic system further
includes a manually operated controller, not showﬁ, that
direct a pilot pressure to a valve systém 24 for control-
ling the direction of movementiof the actuator, as pres-
ently described. Fluid from the pump 22 is directed to
the line 25 and line 26 to a meter-in valve 27 that func-
tions to direct and control the flow of hydraulic fluid
to one or the other end of the actuator 20. The meter-
in valve 27 is pilot pressure controlled by controller,

not shown, through lines 28, 29 and lines 30, 31 to the

opposed ends thereof, as presently described. Depending

upon the direction of movement of the valve, hydraulic
fluid passes throuch lines 32, 33 to one or the other
end of the actuator 20.

The hydraulic system further includes a normally-

‘open exhaust valve 34, 35 positioned between each end

of the actuator in lines 32, 33 and a tank passage 36.
The exhaust valves control the flow of £luid between
the actuator and tank passage 36, as presently
described.

The hydraulic system further includesspring loaded
poppet valves 37, 38 in the lines 32, 33 and spring-

loaded aﬁtimcavitation valves 39, 40 which are adapted
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to open the lines 32, 33 to the tank passage 36. 1In
addition, spring-loaded poppet valves, not shown, are
associated with each valve 34, 35 acting as pilot
operated relief valves. A line 47 connects exhaust
valve 35 with pilot control line 28 and a line 48
connects valve 34 with pilot control line 29 so that
when pilot pressure is applied to one side of meter-
in valve 27, the appropriate valve 34, 35 is closed.

The system also includes a back pressure valve 44
associated with the return or tank line. Back pressure
valve 44 functions to minimize cavitation when an over-
running or a lowering load tends to drive the actuator
down. A charge pump relief valve 45 is provided to take
excess flow above the inlet requirements of the pump 22
and apply it to the back pressure valve 44 to augment
the fluid available to the actuator. '

Meter-in valve 27 comprises a bore in which a spool
is positioned and in the absence of pilot pressure the
spool is maintained in a neutral position by springs.
The spool normally blocks the flow from the pressure
passage 26 to the passages 32, 33. When pilot pressure
is applied to either end of the spool, the spool moves
until a force balance exists among the pilot pressure,
the spring load and the flow forces. The direction of
movement determines which of the passages 32, 33 is
provided with fluid under pressure from passage 26,

When pilot pressure is applied to either line 28
or 29, leading to exhaust valves 34 or 35, the valve
is actuated to block flow from the pressurized line 32

or 33 to tank passagé 36.
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It can thus be seen that the same pilot pressure
which functions to determine the direction of opening
of the meter-in valve and therefor the direction of
movement of the actuator also functions to close the
appropriate exhaust valve so that the fluid will flow
into the actuator. The opposite exhaust valve is not
acted on by the pilot pressure therefor remaining open to
the tank passage and allowing fluid from the opposite end
of the actuator to flow to tank.

Provision is made for sensing the maximum load pres-
sure is one of a multiple of valve systems 24 controlling
a plurality of actuators and applying the higher pressure
to the load sensitive variable displacement pump 22.

Each valve system 24 includes a line 81 extending to a
shuttle valve 80 that receives load pressure from an
adjacent actuator through line 79. Shuttle valve 80
senses which of the pressures is greater and shifts to
apply the higher pressure to pump 22, Thus, each valve
system in succession incorporates shuttle valves 80, 82
which compare the load pressure therein with the load
pressure of an adjacent valve system and transmit the
higher pressure to the adjacent valve system in succes-
sion and finally apély the highést load pressure to pump
22,

The single meter-in valve 27 may be replaced by
two meter-in valves as shown in
DE-30 11 088 A 1 and having
a common assignee with the instant application,

The details of the preferred construction of the other

elements of the hydraulic circuit are more specifically
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described in the aforementioned United States Patent No.
4,201,052,

In accordance with the invention, one or both of
the valves 34, 35 is a normally open exhaust valve
rather than normally closed meter-out valves as in the
aforementioned United States patent. 1In the case where
both exhaust valves are normally open as shown in FIGS.
1 and 2 the exhaust valves are vented, as presently
described, through vent lines 47a or 48a. Where only
one exhaust valve is normally open, as shown in FIGS.

3 and 4 both the exhaust valve 35b or 35c and the normally
closed meter-out valve 34b or 34c are vented through a
common vent line 29a.

Thus, as shown in FIG. 1, both exhaust valves 34,
35 are normally open so that the actuator will be free
to move, as in the case of a swinging boom, when the
meter-in valve is in a neutral position. However, when
a pilot signal is provided to move the actuator in one
direction, pilot pressure is applied through line 47 or
48 to close the appropriate exhaust valve.

‘Thus, when a pilot signal is applied to the meter-

in valve to move the actuator in one direction, the

exhaust valve associated with the port to the actuator
through which fluid is to be supplied is closed by the

pilot signal. When the meter-in valve is returned to a

>‘neutral position, the exhaust valve is returned to its

normally open position and the actuator is permitted to
have a float position in the case of a hydraulic cylinder
or to have a free swing or coast position in the case of

a rotary hydraulic motor.
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Although the invention has been described in connec-
tion with a flow control meter-in valve system in FIG. 1,
it may also be utilized in a pressure control meter-in
valve system as shown in FIG. 2. As shown iﬁ PIG. 2,
a pressure control meter-in valve system has feedback
pressure of line 83 0ppoéing the pilot pressure at 31
and feedback pressure of line 84 opposing pilot pres-
sure applied at 30. This gives smoother stopping and
starting of loads and accurate positioning of loads
which would otherwise not be obtained with the flow
control meter-in valve system.

Where the system is used in an environment requiring
a counterbalance valve 85, as shown in FIG. 3, between

one port of the actuator and an exhaust valve 35b, only

-one normally open exhaust valve 35b is provided and the

meter—-out valve 34b associated with the other actuator
port is mormally closed, rThus, the counterbalance valve
85 can function to control overrunning loads by limiting
the flow through the valve, When the meter-in valve is
actuated by a pilot signal -to elevate the actuator, f£fluid
can flow through the check valve of the countexrbalance

valve 85 tc the actuator. At the same time, a pilot

 signal through line 87 closes exhaust valve 35b, Meter-

out valve 34b functions in a conventional manner to allow
exhaust from the other port of the actuator.

Where an external brake 88 is used as in FIG. 4 to
control overrunning loads, similarly only one normally
open exhaust valve 35c¢c is provided and is associated
with one port of the rotary hydraulic actuator while a
normally clecsed meter-out valve 34c is associated with
the other port. A line 8% extends from brzke 88 to the

load line associated with the other port.
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Referring to FIG. 5, each normally open exhaust
valve 34, 35, 35b, 35c is of identical construction
and, for purposes of clarity, only valve 35 is described.

The exhaust valve 35 includes a differential area
bores 60 and 72 in which a poppet 61 is positioned
between supply passage 33 and tank passage 36. The
valve:includes a passage 62 having an orifice 62a
extending from supply passage 33 to a chamber 63 behind
the poppet. One or more passages 64 formed within the
poppet 61 extend from chamber 63 to the tank passage 36.
A stem 65 is adapted to close the connection between
chamber 63 and passages 64 under the action of a pilot
pressure piston 66 which is positioned between chambers
69 and 71. A spring 67, in the absence of any pressure
in the system, holds stem 65 in the open position and
yieldingly urges poppet 61 to the closed position as
shown in FPIG. 5. However, in use the valve functions
as a normally open valve:; to this end the orifice 62a,
the spring rate of spring 67, and the differential area
of the'poppet 66, i.e. the area of bore 60 less the area
of bore 72, are selected so that a small and relatively
insignificant pressure in line 33 will cause the poppet
61 to open and provide a flow path between passage 33
and tank passage 36, A passage 68 connects chamber 69
to pilot pressure in pilot line 28. The pressure in
chamber 69 acts on one end of piston 66, Chamber 71,
which is at the other end of piston 66, is vented
through a passage 70, which as previously mentioned,
connects with the appropriate vent line 48a or 29a as

shown in FIGS. 1-4.



10

15

20

25

30

35

82 110 471.8

Sperry Corporation | ' D O 8 D 1 35 I

~-12 -~

Claims

1. A hydraulic control system for use
with a hydraulié actuator (20) having a movable actuator
element (21) and an actuator opening (A, B) adapted to
function alternately as an outlet and an inlet for moving
the actuator element (21), a pilot-controller for controlling
a supply of fluid at pilot pressure (via. 28, 29, 30, 31),
a pump (22) for supplying fluid at pump pressure to the
actuator (20), said system comprising
a line (26, 32, 33) adapted for connection with the
actuator opening (A, B},
a normally open valve (35, 35b, 35c) associated with said
line (33) for controlling fluid flow from the actuator (20),
said valve (35, 35b, 35c) being pilot operated (via 47, 87)
by pilot pressure from said pilot controller,
a meter-in valve (27) positioned in said line (26, 32, 33)
for controlling fluid flow from said pump (22) to the
actuator (20), said meter-in valve (27) being operable by

pilot pressure from said pilot controller.
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2. The hydraulic control system set forth in claim 1
including a second line extending to another opening of thas

actuator, and a second valve associated with said line and

being normally open and pilot operated.

3. The hydraulic control system set forth in claim 1

including a counterbalance valve associated with said actu-

ator.

4. The hydraulic control system set forth in claim 1
including a hydraulic brake associated with the load being

moved by the actuator.

5. A hydraulic control system comprising
2 a hydrauvlic actuator having opposed openings adapted

to alternately function as inlets and outlets for moving

I*h

the element of the actuator in opposite directioné,
a pumé.for supplying fluid to said actuator,
Ta tann'gassage for returning £luid to a reservoir,
heter-in valve means to which the fluid from the puﬁp
is supplied;
said meter—-in valve meéns being pilot operated by
alternately supplying fluid at pilot pressure to ;aid

meter—-in valve means for controlling the direction of -

movement of the actuator,

‘0080135
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a pair of lines extending from said meter—in valve

means to sald respective openings of said actuator,

valve means positioned between said tank passage and

each opening of the actuator for controlling the flow of

fluig therebetweeﬁ.

at least one of said last-mentioned valve means being

normally open,

said normally open valve means'being pilot operated

by the pilot pressure.
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