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Description

This invention relates to power transmission in
hydraulic systems that are found, for example, on
mobile equipment such as excavators and cranes.

In United States Patent US—A—4,201,052 there
is disclosed a pilot pressure operated high
pressure load sensing valve system incorporated
in a valve body designed to be mounted directly
on an actuator to be controlled such as a hy-
draulic cylinder or hydraulic motor. The valve
system accurately controls the position and speed
of operation of the actuator.

In brief, the valve system disclosed in the
aforementioned patent comprises an indepen-
dent 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 elements are associated with each of
the actuator ports for controiling fluid flow from
the port opposite to the actuator port to which the
meter-in element is directing fluid. The meter-out
elements function as variable orifices metering
fluid between the appropriate actuator port and a
low pressure zone such as a reservoir tank. Each
of the meter-out elements has associated there-
with 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-cavita-
tion valves are associated with each of the actu-
ator ports and are adapted to open the approp-
riate port to tank.

The valve system is directly mounted on the
actuator port manifold and is supplied by one full
flow high pressure line, a pair of pilot pressure
lines, and a load sensing line. The operation of the
valve system is controiled through the pilot lines
from a manually operated hydraulic remote con-
trol 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
pressure responsive valves, and the anti-cavita-
tion valves, all in closed position. In the neutral
position, the valve system hydraulically locks the
load in position. Fluid flow from the actuator is
blocked thereby preventing uncontrolied
lowering of an overhauling load in the event of a
rupture of any of the connecting hydraulic lines.
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.

In certain high inertial loads such as swing
drives on an excavator which utilize rotary actu-
ators, smooth stopping and starting of the load
and accurate positioning of the load are very
essential. This problem is dealt with in a hydraulic
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system providing for smooth stopping and start-
ing and accurate positioning of the load under
high inertial loads is disclosed (not prepublished)
in the European patent application 82 103 934.4
(EP—A—66717). Wherein means are provided for
sensing the pressure being directed to the ac-
tuator by the meter-in element and providing a
feedback pressure using a small piston on the
meter-in element opposing the pilot pressure
tending to open the meter-in valve element.

Under certain conditions, it may not be possible
or desirable to mount the vaive system directly on
the actuator. Such conditions may exist due to
space limitations on the actuator or wherein it is
desirable to limit the number of supply and pilot
lines, such as to the topmost section of a telescop-
ing boom or when a brake, such as in a winch-
type application, is used for counterbalancing the
load. Under these conditions, the valve system is
mounted on the equipment remote from the
actuator with a pair of lines running to the
actuator port manifold.

In the latter situation it may be desirable to
provide for controlled lowering or holding of the
load at the actuator port manifold. In that case a
conventional counterbalance valve is interposed
between one of the actuator ports and the line
leading from the valve system to the actuator
port. In such an arrangement as disclosed (not
prepublished) in the EP—A—80 135, the return
flow from the actuator must pass through a
normaily open meter-out or exhaust element so
as not to interfere with the desired control of the
load through the counterbalance valve or brake.
The normally open element is closed only when
flow is delivered to the actuator in the opposite
direction.

However, in the above described situation,
when the meter-in valve is used as a flow control
unit, it is usually difficuit to obtain optimum
stability of the load due to the high pressure gain
in the outlet line of the meter-in valve.

Accordingly, it is an object of the present
invention to provide a valve system of the
aforementioned type which is operable in a coun-
terbalance mode or with the use of externai
counterbalance valves or brakes with improved
stability.

It is further an object of the invention to provide
a hydraulic system having a proportional relation-
ship between metered fluid flow and pressure in
the output line of a flow control valve to maintain
stability in the controlled lowering of an overhaul-
ing load.

It is another object of this invention to provide a
hydraulic system which incorporates means for
controilling an overhauling load and which hy-
draulic system has greater stability than prior
hydraulic systems.

It is still another object of this invention to
provide a hydraulic system incorporating a
metering valve using pressure feedback to
achieve system stability in the controlled
lowering of an overhauling ioad.

In accordance with the invention the meter-in
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element of the above described vaive system is
provided with a small feedback or load piston to
establish a steady-state relationship between the
metered flow and the outlet pressure of the valve
system. The controlled pressure established by
this steady-state relationship is used to control
external counterbalance valves or to provide for
the controlled release of a brake if it is desired to

control an overhauling load by braking rather than -

hydraulic metering. The present invention also
provides for operating one of the meter-out
elements of the valve system as a counterbalance
valve when it is desirable to mount the valve
system directly to the actuator port manifold.

FIG. 1 is a schematic drawing of the hydraulic
circuit embodying the invention.

FIG. 2 is a schematic drawing of another hy-
draulic circuit embodying the invention.

FIG. 3 is a schematic drawing of another hy-
draulic circuit embodying the invention.

FIG. 4 is a schematic drawing of another hy-
draulic circuit embodying the invention.

FIG. 5 is a schematic drawing of another hy-
draulic circuit embodying the invention.

Referring to FIG. 1, the hydraulic system em-
bodying the invention comprises an actuator 20,
herein shown as a linear hydraulic cylinder, a rod
end 20a, a piston end 20b and output shaft 21
extending from the rod end that is moved in
opposite directions by hydraulic fluid supplied
from a variable displacement pump system 22
which has load sensing control in accordance with
conventional construction. The hydraulic system
further includes a manually operated controlier,
not shown, that directs a pilot pressure to a valve
system 24 for controlling the direction of move-
ment of the actuator, as presently described. Fluid
from the pump 22 is directed to the line 25 and line
26 to a meter-in valve 27 that functions to direct
and control the flow of hydraulic fluid to one or the
other end 20a or 20b of the actuator 20. The meter-
in valve 27 is pilot pressure controlled through
piiot lines 28, 29 and lines 30, 31 which lead to the
opposed ends of valve 27. Depending upon the
direction of movement of the valve, hydraulic fluid
passes through a motorline 32, connected with the
rod end 20a, or a motor line 33 connected with the
piston end 20b of the actuator 20. In the center
closed position of the valve spool 27 both motor
lines 32 and 33 are connected to low pressure
through restrictors, not shown.

The hydraulic system further includes a meter-
out valve 34 associated with the rod end 20a of the
actuator and connecting line 32 to a tank line 36 for
controlling the flow of fluid from the rod end 20a of
the actuator. The meter-out valve 34 has two
pistons 34a, 34b and spring means 34c, the former
tending to open the valve 34 when there is pilot
pressure in line 28, the latter tending to close the
valve 34.

The hydraulic system further includes spring-
loaded poppet valves 37, 38 in the lines 32, 33 and
spring-loaded anti-cavitation valves 39, 40 shown
in Fig. 2—5, which are adapted to openthelines 32,
33 to the tank passage 36.
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The system also includes a back pressure valve
41 to keep the return or tank line 36 filled. A charge
pump relief valve 42 is provided to take excess
flow above the inlet requirements of the pump 22
and apply it to the back pressure valve 41 to
augment the fluid in the tank line 36 available to
the actuator, when an overrunning or a lower load
tends to drive the actuator down. Therefore, back
pressure valve 41 functions to minimize cavitation.

Meter-in valve 27 comprises a bore in which a
spool is positioned and in the absence of pilot
pressure maintained in a neutral position by
springs. The spool normally blocks the flow from
the presure passage 26 to the motor lines or
passages 32, 33. When pilot pressure is applied to
either passage 30 or 31, the meter-in spool is
moved in the direction of the pressure 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 or
motor lines 32, 33 is provided with fluid under
pressure from passage 26.

When pilot pressure is applied to line 28, leading
to meter-out valve 34, the valve is actuated to allow
flow from the rod end 20a of actuator 20 to tank
passage 36.

It can thus be seen that the same pilot pressure
{(in line 28) which functions to open the meter-in
valve 27 to meter fluid to piston end 20b (through
line 33} also functions to determine and control the
opening of the meter-out valve 34 so that the fluid
in the rod end 203 of the actuator can return to the
tank line 36. o

Provision is made for sensing the maximum
load pressure in one of a multiple of valve systems
24 controlling a plurality of actuators and applying
that higher pressure to the load sensitive variable
displacement pump 22. Each valve system 24
includes a line 43 extending to a shuttle valve 44
that receives load pressure from an adjacent
actuator through line 45. Shuttle valve 44 senses
which of the pressures is greater and shifts to
apply the higher pressure to pump 22. Thus, each
valve system in succession incorporates a shuttle
valve 46 which compares the load pressureinlines
32 and 33 and signals the higher of the two
pressures to shuttle valve 46 which is then com-

- pared with the load pressure of an adjacent valve

system. The higher pressure is transmitted to the
adjacent valve system in succession and finally the
highest load pressure is applied to pump 22,

The above described circuit is similar to that
shown and described in the aforementioned
United States Patent No. 4,201,052 which is incor-
porated herein by reference. The single meter-in
valve 27 may be replaced by two meter-in valves.

The details of the preferred construction of the
elements of the hydraulic circuit are more speci-
fically described in the aforementioned
US—A—4,201,052 which is incorporated herein by
reference.

in accordance with the invention a single side
(here the left side) of meter-in valve 27 is provided
with a load piston 47 which is connected by line 48
so that it senses the motor line or outlet pressure
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which may drive an overhauling load, f.i. is
directed to the rod end 20a of the actuator and
provides a pressure on the meter-in valve 27
opposing the pilot pressure (here at 31) which is
tending to open the meter-in valve 27 in a direc-
tion to supply fluid to the rod end 20a of the
actuator. In addition, a conventionai counterba-
lance valve 49 is connected in a line 50 between
piston end 20b (line 33) and tank line 36. Pressure
from line 32 is applied to the counterbalance
valve 49 through a line 51 to tend to open the
counterbalance valve. To this end, the counterba-
lance valve 49 has pistons 49a, 49b and a spring
means 49c, the latter acting to close the valve 49.
Depending upon the pressure on these pistons
49a, 49b, the movable element of the counterba-
lance valve 49 takes a position to throttle the flow
in line 50 to a greater or lesser extent.

When the meter-in vaive 27 is operated to shift
its spool to the left and supply fluid to the rod end
20a of the actuator 21, the pressure of the fluid
will open the counterbalance valve 49 and permit
fluid to be exhausted from the piston end 20b of
the actuator to tank line 36. When the load tends
to overrun, the pressure in lines 32 and 51 will be
reduced and the counterbalance valve 49 will tend
to close. However, the lessening in the pressure
will be sensed in line 48 lessening the pressure on
the load piston 47 so that the meter-in valve 27
can open to a greater degree under the control of
the pilot pressure. Thus, vacuum in the motor line
32 and cavitation is avoided, on the other hand,
pressure is low enough to shift the valve 49 in its
throttling position. As a result, there is estab-
lished a more stable system under overhauling
loads.

When the meter-in valve 27 is operated to shift
its spool to the right, line 33 supplies fluid to
piston end 20b through a check valve 38a, which
can be constructed similar to spring-loaded
poppet vaive 37.

In the hydraulic system shown in Fig. 2, the
counterbalance valve 49 is interposed between
line 33 and piston end 20b and a second meter-
out valve 52 is provided between line 33 and tank
line 36 in series with the counter-balance valve 49.
Meter-out valve 52 has a piston 52a, which is
connected to pilot pressure line 28 through a line
53, a further piston 52b connected to line 33 and
spring means 52c¢ acting against the pistons 52a,
52b. Meter-out valve 52 is normally open. When
pilot pressure is provided in line 28 to open the
meter-in valve 27 to direct fluid to the piston end
20b of actuator through line 33, the same pilot
pressure closes meter-out valve 52 through line
53 and opens meter-out valve 34 to direct the fluid

to the tank line 36. When pilot pressure is in line-

29, fluid is applied to the rod end 20a of the
actuator through line 32 and the system functions
to stabilize an overhauling load condition in the
same manner as the circuit in Fig. 1.

Referring to Fig. 3, a circuit is shown wherein a
hydraulic brake 55 is utilized to control a lowering
or possible overhauling load and the actuator
comprises a rotary hydraulic motor 56 having
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ports 56a and 56b. The brake 55 has a piston 55a
connected to the motor line 32 through line 51,
and spring means 55b acting against the force of
the piston 55a. Otherwise the circuit of Fig. 3is the
same as shown in Fig. 2.

When the meter-in valve 27 is operated by pilot
pressure 29 to direct fluid to lower a load, the
pressure of the main fluid in lines 32, 51 is applied
to disengage the brake 55. If the load tends to
overrun, the pressure in line 32 is becoming
reduced tending to re-engage the brake. How-
ever, vacuum is avoided, since the line 48 senses
the reduced pressure and applies this lesser
pressure to piston 47 so that the meter-in valve 27
will open to a greater degree. Pressure in lines 32,
51 will somewhat increase and cause to some-

- what disengage the brake 55, thereby providing

greater stability.

Where the meter-in and meter-out valves can
be located at the actuator, the hydraulic system
shown in Fig. 4 can be used. This is similar to that
of Fig. 1 except that the counterbalance valve is
omitted. The system comprises the meter-in valve
27 and the normally closed meter-out valves 34
and 57 instead of a single meter-out vaive pilot
operated. Again the left hand end of meter-in
valve 27 includes the piston 47 and line 48. In
addition, the spring chambers of the meter-out
valves 34 and 57 are connected to the pilot
pressure lines 29 and 28, resp.

The second meter-out valve 57 includes two
pistons 57a, 57b and spring means 57¢ acting in
opposed directions on the valve 57. The piston
57a is connected to the motor line 32 through a
line 58 which may include restrictors 59 and 60. A
line 61 including a further restrictor 62 branches
off from the line 58 between the restrictors 59 and
60 and is connecied to the pilot pressure line 28.
The second meter-out valve 57 is not opened by
pilot pressure but by pressure of the main fluid in
line 32 to the rod end 20a of the actuator applied
through line 58.

When meter-in valve 27 is operated to direct
fluid to the rod end 20a of the actuator for
lowering a load, the second meter-out valve 57
functions as a counter-balance valve. Initially it is
opened, but if the load tends to overrun, the
subsequent reduction in pressure in line 32 and
line 58 tends to close meter-out valve 57.

However, this pressure reduction is sensed
through line 48 and reduces the force on piston 47
thereby permitting the meter-in valve 27 to open
further increasing the pressure in lines 32, 33 and
again causing the meter-out vaive 57 to throttle
the flow to tank.

When the meter-in valve 27 is moved to a
neutral position from a moved position, anti-
cavitation valves 39, 40 serve to supply additional
fluid to the inlet of the actuator to prevent cavita-
tion of the actuator. In this situation pressure in
line 32 decays through line 28. The decay in
presure is sensed at the second meter-out valve
57 through line 58 causing the second meter-out
valve 57 to move in closing direction. Inertia of
the load tends to force fluid out of the exhaust
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port of the actuator building up pressure in line
33. When the pressure on piston 57b exceeds the
relief setting of the second meter-out valve 57, the
meter-out valve 57 moves in opening direction
allowing the throttled exhaust fiuid to join the
fluid being pumped through line 36 to the anti-
caviation valve 39 or 40 by the charge pump.

When meter-in valve 27 is operated by pilot
pressure in line 29 to direct fluid to the actuator
20, there wili be a bleed flow through the restric-
tors 69 and 62 from the line 32 to line 28 which
provides for an approximately four to one (4:1)
build-up of pressure between the pressure in lines
32 and 58 (at 57a). The second meter-out valve 57
has been set on a crack-open value at one-fourth
the pressure in line 32. The build-up of the
pressure in line 32 will apply back pressure on
anti-cavitation valve 39 preventing recirculation
of fluid exhausting from the second meter-out
valve 57 to the actuator. Such recirculation of fluid
would resuit in undesirable overspeeding when
the actuator is driven by an overhauling load.
Applying back pressure to the anti-cavitation
valve 39 also prevents overheating of the actuator
by allowing fresh fluid to be applied to the
actuator by the pump. Restrictors 59 and 62 in
combination with restrictor 60 in line 58 also
augment the load stability by providing additional
damping to the system, i.e. slowing the speed of
response of the second meter-out valve 57 when
subjected to sudden pressure surges.

Referring to FIG. 5, the valve system shown is
similar to that shown in FIG. 4 wherein the meter-
out valve 57 functions in a counterbalance mode
as previously described. However, in this case the
actuator comprises a rotary hydraulic motor 70
having ports 70a and 70b.

Again the second meter-out valve 57 is not
opened by pilot pressure but by pressure of fluid
applied to port 70a through line 32 and applied to
the meter-out valve 57 through line 58. As in the
case of the actuator of FIG. 4, restrictors 59, 62
placed in lines 58 and 61 prevent recirculation of
fluid through the rotary motor which would result
in an overspeeding condition of the motor or
overheating of the motor.

it can thus be seen that the controlled outlet
pressure out of the meter-in valve means is
utilized to control either a counterbalance vaive or
a hydraulic brake for controlling the overhauling
load. The meter-out valve which normally con-
trols the flow in the direction of the overhauling
load can be omitted or operated as a normally
open valve when an external counterbalance is
used. The meter-out valve must also be normaily
open when a brake is used and when a meter-out
valve is used as a counterbalance valve is must be
normally closed.

Claims

1. A hydraulic control system comprising a
hydraulic actuator or motor (20, 56, 70) having
opposed openings (20a, 20b, 56a, 56b, 70a, 70b)
adapted to alternately function as inlets and
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outlets for moving the element of the actuator in
opposite directions, a pump (22) for supplying
fluid for said actuator, meter-in valve means (27)
to which the fluid from the pump is supplied, for
selectively metering fiuid to one or the ather of
said openings to control the direction of move-
ment of the actuator (20, 56, 70), said meter-in
valve means {27) being pilot controlled by alter-
nately applying fiuid at pilot pressure to opposed
ends of said meter-in vaive means (27), a pair of
motor lines (32, 33) extending from said meter-in
valve means (27) to said respective openings of
said actuator (20, 56, 70), meter-out valve means
(34) associated with at least one opening of the
actuator (20, 56, 70) for controliing the flow out of
said actuator, said meter-out valve means (34}
being pilot operated by the pilot pressure, applied
(via 28, 30) to said meter-in valve means {27),
characterised by means {47, 48) for sensing the
output pressure (in motor line 32) from the meter-
in valve means (27) being directed to the actuator
(20, 56, 70) when said meter-in valve means (27} is
operated on one direction, wherein the load may
be overhauling, said sensing means (47, 48) also
providing a pressure in said meter-in valve means
{27) opposing the pilot pressure (at 31) tending to
actuate the meter-in vaive means (27} in said one
direction, means {49, 55, 57) for controlling an
overhauling load when fluid is being directed to
one {20a, 56a, 70a} of said openings of actuator
(20, 56, 70), said controlling means (49, 55, 57)
including means operable to retard movement of
said actuator (20, 56, 70} and including a line (51,
58) extending from said motor line (32) supplying
fluid to said actuator, when the pressure of fluid
being supplied by said meter-in valve means (27)
to said one opening (20a, 56a, 70a) of said
actuator (20, 56, 70), the pressure (at 47) to said
meter-in valve means (27) is provided opposing
the pilot pressure (at 31) tending to actuate the
meter-in valve means (27) in a direction to supply
fiuid to said one end (20a, 56a, 70a) of said
actuator (20, 56, 70) such that in an overhauling
load mode, the pressure of fluid to said one
opening (20a, 56a, 70a) is reduced tending to
actuate said means (49, 55, 57) operable to retard
movement of the actuator and the pressure of
fluid (at 47) being supplied (via 48) to said meter-
in valve means (27) is reduced permitting the pilot
pressure {at 31) to open the meter-in valve means
(27) to a greater degree premitting more fluid to
flow to said one opening (20a, 56a, 70a) of said
actuator (20, 56, 70) and increasing the pressure
of fluid to said controliing means (49, 55, 57).

2. The hydraulic system set forth in claim 1
wherein said means for controlling an overhaul-
ing load comprises a counterbalance valve (49,
57) connected to the other opening (20b, 70b) of
said actuator (20, 70) through a line {50, 33) and
being controiled by pressure connected (via 51,
58) to said supplying motor line (32).

3. The hydraulic system set forth in ciaim 1
wherein said means for controlling an overhaul-
ing load comprises normalily open meter-out
valve means (52} associated with said other open-
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ing (20b), of said actuator (20) and operable to be
closed when said meter-in valve means (27) is
operated to direct fluid to said other (20b) open-
ing of said actuator, and a ¢ounterbalance valve
(49) between said other opening (20b) and said
normalily open meter-out valve means (52), a line
(51} extending to said counterbalance valve (49).

4. The hydraulic system set forth in claim 1
wherein said means for controlling an overhaul-
ing load comprises normally open meter-out
valve means (52} associated with said actuator
(56) and operable to be closed when said meter-in
valve means {27) is operated to direct fluid to said
other opening (66b) of said actuator {56), and
hydraulic load brake means (55) associated with
said actuator (56), a line (32, 51) extending to said
load brake means (55).

5. The hydraulic system set forth in claim 4
wherein said actuator comprises a rotary actuator
{56).

6. The hydraulic system set forth in claim 1

wherein said means for controlling an overhaul--

ing foad comprises normally closed meter-out
valve means {57) associated with the other open-
ing (20b, 70b) of said actuator {20, 70}, and means
(58) for applying pressure — being directed to
said first opening (20a, 70a) — to said last-
mentioned meter-out means (57) to tend to open
the same when fluid is being directed to said one
opening {20a, 70a) of said actuator (20, 70).

7. The hydraulic system set forth in claim 6
wherein said actuator comprises a rotary actuator
(70).

8. The hydraulic control system set forth in
claim 6 including at least one restrictor means {59,
62) for applying reduced pressure to said last-
mentioned meter-out means (57).

9. The hydraulic system set forth in claim 8
including an anti-cavitation valve means (39)
associated with the exhaust side of said last-
mentioned normally closed meter-out valve
means {57) and having restrictor means (59, 62)
associated with said normally closed meter-out
valve means (57) to provide a back pressure on
said anti-cavitation valve means (39).

10. The hydraulic system set forth in claim 9
wherein restrictor means (59, 62) associated with
said normally closed meter-out valve means (57)
such that the back pressure on said anti-cavitation
valve (39) means is greater than the pressure
applied to said normally closed meter-out valve
means (57).

11. The hydraulic system set forth in claim 10
including additional restrictor means (60} in the
line to said normaily closed meter-out valve
means (57) for augmenting system damping.

Patentanspriiche

1. Hydraulisches Steuersystem mit folgenden
Merkmalen:

ein hydraulischer Antrieb oder Motor (20, 56,
70} weist entgegengesetzt wirkende Offnungen
(20a, 20b, 56a, 56b, 70a, 70b) auf die
wechselseitig als EinlaR und AuBla3 zur Ver-
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schiebung des Elements des Antriebs in en-
tgegengesetzte Richtungen dienen;
eine Pumpe (22) dient zur Zufithrung von Fluid zu
dem Antrieb;

das Fluid der Pumpe wird einer Zufuhr-
bemessungsventileinrichtung (27) zugefiihrt, die
zur wahlweisen Bemessung des Fluid zur einen
oder anderen Offnung dient, um die Bewegung-
srichtung des Antriebs (20, 56, 70) zu steuern; die
Zufuhrbemessungsventileinrichtung  (27) st
pilotgesteuert, indem Fluid mit Pilotdruck einem
der Enden der Zufuhrbemessungsventileinrich-
tung (27) zugefiihrt wird; zwei Arbeitsleitungen
(32, 33) erstrecken, sich von der Zufuhr-
bemessungsventileinrichtung {27) zu den jeweili-
gen Offnungen des Antriebs (20, 56, 70); eine
Abfuhrbemessungsventileinrichtung (34) ist min-
destens mit einer Offnung des Antriebs (20, 56,
70) zur Steuerung des Riicklaufstroms des An-
triebs zugeordnet;

die Abfuhrbemessungsventileinrichtung (34)
wird mit dem Pilotdruck betétigt, der ({iber 28, 30)
an der Zufuhrbemessungsventileinrichtung (27)
anliegt; gekennzeichnet durch:

eine Abtasteinrichtung (47, 48) ist zur Abtas-
tung des AuslaRdrucks (in der Arbeitsleitung 32)
vorgesehen, der von der Zufuhrbemessungsven-
tileinrichtung (27) zum Antrieb (20, 56, 70) geflihrt
wird, wenn die Zufuhrbemessungsventileinrich-
tung (27) in die eine Richtung betétigt wird, in
welcher die Last voreilen kann;

die Abtasteinrichtung (47, 48) sorgt flir einen
Druck in der Zufuhrbemessungsventileinrichtung
(27), der dem Pilotdruck (bei 31) entgegengesetzt
ist, welcher die Zufuhrbemessungsventileinrich-
tung (27) in die eine Richtung zu betétigen sucht;

eine Steuereinrichtung (49, 65, 57) steuert die
voreilende Last, wenn Fluid der einen Offnung
{203, 56a, 70a) des Antriebs (20, 56, 70) zugeflihrt
wird;

die Steuereinrichtung (49, 55, 57) weist eine
Einrichtung auf, die zur verzdgerten Bewegung
des Antriebs (20, 56 70) betéatigbar ist und eine
Leitung (51, 58} einschlieBt, die sich von der
Arbeitsleitung (32) erstreckt, welche dem Antrieb—-
Fluid zufihrt;

wenn der Fluiddruck Uber die Zufuhr-
bemessungsventileinrichtung {27) der einen Off-
nung (20a, 56a, 70a} des Antriebs (20, 56, 70)
zugefiihrt wird, wird der Druck (bei 47) der Zufuhr-
bemessungsventileinrichtung (27) in Gegenrich-
tung zum Pilotdruck (bei 31} zugefiihrt, der die
Zufuhrbemessungsventileinrichtung (27) in eine
Richtung zur Zufiihrung des Fluids zu dem einen
Ende (20a, 56a, 70a} des Antriebs (20, 56, 70) zu
betétigen versucht, so daR in der Betriebsweise
“voreilende Last” der Fluiddruck an dieser einen
Offnung (20a, 56a, 70a) reduziert wird und die
Bewegungsverzdgerungseinrichtung (49, 55, 57)
tendenziell betétigt wird, die Bewegung des An-
triebs zu verzdgern, ferner der der Zufiihr-
bemessungsventileinrichtung (27) zugefihrte
(tiber 48) Fiuiddruck {bei 47) reduziert wird, was
es dem Pilotdruck (bei 31) ermdglicht, die Zufiihr-
bemessungsventileinrichtung (27) weiter zu 6ff-
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nen und mehr Fluid zu der einen Offnung (20a,
66a, 70a) des Antriebs (20, 56, 70) gelangen zu
lassen, wodurch der Fluiddruck an die Steuerein-
richtung (49, 55, 57) zunimmt.

2. Hydraulisches Steuersystem nach Anspruch
1, dadurch gekennzeichnet, dal} die Steuerein-
richtung der voreilenden Last ein Bremsventil (49,
57) aufweist, das mit der anderen Offnung (20Db,
70b) des Antriebs (20, 70) (ber eine Leitung (50,
33) verbunden ist und infoige des Drucks ges-
teuert wird, der mit der zuflihrenden Arbeits-
leitung (32) verbunden ist (liber 51, 58}.

3. Hydraulisches Steuersystem nach Anspruch
1, dadurch gekennzeichnet, dall die Steuerein-
richtung fiir die voreilende Last

eine  normalerweise  gedffnete  Abfubr-
bemessungsventileinrichtung (52), die der ande-
ren Offnung {20b) des Antriebs (20) zugeordnet ist
und geschlassen werden kann, wenn die Zufuhr-
bemessungsventileinrichtung (27} betétigt wird,
der anderen Offnung (20b) des Antriebs Fluid
zuzufiihren, und ein Bremsventil {49) aufweist,
das zwischen der anderen Offnung (20b) und der
normalerweise offenen Abfuhrbemessungsven-
tileinrichtung (52) angeordnet ist, wobei sich
ferner eine Leitung (51} zu dem Bremsventil (49)
erstreckt.

4. Hydraulisches Steuersystem nach Anspruch
1, dadurch gekennzeichnet, dal die Steuerein-
richtung der voreilenden Last

eine  normalerweise  getffnete  Abfuhr-
bemessungsventileinrichtung (52), die dem An-
trieb (56) zugeordnet ist und geschlossen werden
kann, wenn die Zufuhrbemessungsventileinrich-
tung (27) betatigt wird, um Fluid der anderen
Offnung (56b) des Antriebs (56) zuzufiihren, und
eine hydraulische Lastbremse (55) aufweist, die
dem Antrieb (56) zugeordnet ist, wobei sich eine
Leitung (32, 51) zu der Lastbremse (55) erstreckt.

5. Hydraulisches Steuersystem nach Anspruch
4, dadurch gekennzeichnet, daf3 der Antrieb ein
Drehantrieb (56} ist.

6. Hydraulisches Steuersystem nach Anspruch
1, dadurch gekennzeichnet, dal3 die Steuerein-
richtung fiir die voreilende Last

eine normalerweise geschlossene Abfuhr-
bemessungsventlIemnchtung (67), die der ande-
ren Offnung (20b, 70b) des Antriebs (20, 70)
zugeordnet ist, und eine Einrichtung (58) zur
Zufihrung von Druck aufweist, welcher der ersten
Offnung (20a, 70a) und auch der Abfuhr-
bemessungsventileinrichtung (57) mit einer Ten-
denz zu dessen Offnung zugeflihrt wird, wenn
Fluid der einen Offnung (20a, 70a) des Antriebs
(20, 70} zugefiihrt wird.

7. Hydraulisches Steuersystem nach Anspruch
6, dadurch gekennzeichnet, da? der Antrieb ein
Drehantrieb {70} ist.

8. Hydraulisches Steuersystem nach Anspruch
8, dadurch gekennzeichnet, daf mindestens eine
Drossel {59, 62) zur Zuflihrung reduzierten Drucks
an die Abfuhrbemessungsventileinrichtung (57)
vorgesehen ist.

9. Hydraulisches Steuersystem nach Anspruch
8, dadurch gekennzeichnet, daR eine Anti-
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kavitationsventileinrichtung (39) der Auslallseite
der normalerweise geschlossenen Abfuhr-
messungsventileinrichtung (57) zugeordnet ist
und Drossein (89, 62) aufweist, die dieser nor-
malerweiser geschlossenen Abfuhrbemessung-
sventileinrichtung (57) zugeordnet sind, um einen
Rick- oder Gegendruck an der Antikavitations-
ventileinrichtung (39} zu schaffen.

10. Hydraulisches Steuersystem nach Anspruch
9, dadurch gekennzeichnet, dafd die der normaler-
weise geschlossenen Abfuhrbemessungsven-
tileinrichtung (57) zugeordnete Drosse! (59, 62) so
ausgebildet ist, daR der Ruckdruck auf die Anti-
kavitationsventileinrichtung (39) gréRer ist als der
Druck, welcher der normalerweise geschlessenen
Abfuhrbemessungsventileinrichtung (57)
zugefiihrt wird.

11. Hydraulisches Steuersystem nach Anspruch
10, dadurch gekennzeichnet, daR eine zusatzliche
Drossel (60) in der Leitung zu der normalerweise
geschlossenen Abfuhrbemessungsventileinrich-
tung (57) angeordnet ist, um die Dadmpfung des
Systems zu vergrifRern.

Revendications

1. Un systéme de commande hydraulique com-
prenant un actionner ou un moteur hydraulique
{20, 56, 70) ayant des orifices oppose’s (20a, 20b,
56a, 56b, 70a, 70b) prévus pour fonctionner alter-
nativement en entrées et en sorties de fagon a
déplacer I'élément de |'actionneur dans des direc-
tions opposées,

une pompe (22) destinée & fournir du fiuide
pour l'actionneur,

une structure de valve de commande de débit
d’entrée (27) qui regoit le fluide provenant de la
pompe, destinée a commander sélectivement
I"application du fluide & I'un ou {'autre des ori-
fices, pour commander la direction du mouve-
ment de 'actionneur (20, 56, 70),

cette structure de valve de commande de débit
d’entrée (27) étant commandée par une pression
pilote, par I'application alternative du fluide a la
pression pilote aux extrémités opposées de la
structure de valve de commande de débit d'en-
trée (27),

une paire de lignes de moteur (32, 33) qui
s’étendent de la structure de valve de commande
de débit d'entrée (27} vers les orifices respectifs
de |"actionneur (20, 56, 70),

une structure de valve de commande de débit
de sortie (34) associée & I'un au moins des orifices
de I'actionneur (20, 56, 70) pour commander le
débit de sortie de I'actionneur, cette structure de
valve de commande de débit de sortie (34) étant
actionnée par la pression pilote, appliquée {(par
Iintermédiaire de 28, 30) a la structure de valve de
commande de débit d'entrée (27), caractérisé par:

des moyens (47, 48} destinés & détecter la
pression de sortie (dans la ligne de moteur 32)
provenant de la structure de la valve de com-
mande de débit d’entrée {27) qui est dirigée vers
"actionneur (20, 56, 70}, lorsque la structure de
vaive de commande de débit d’entrée (27) est
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actionnée dans une direction, dans laquelle la
charge peut descendre sous l'effet de son propre
poids,

ces moyens de détection (47, 48) appliquant
également a la structure de valve de commande
de débit d'entrée {27) une pression qui s'oppose a
la pression pilote (en 31) qui tend & actionner la
structure de valve de commande de débit d'en-
trée (27} dans la direction précitée,

des moyens (49, 55, 57) destinés a controler une
charge qui descend sous l'effet de son propre
poids, lorsque du fluide est dirigé vers un premier
{20a, 563, 70a) des orifices de I'actionneur (20, 56,
70), ces moyens de controle (49, 55, 57) compre-
nant des moyens capables de retarder le mouve-
ment de {‘actionneur (20, 56, 70) et comprenant
une ligne (51, 58) qui s’étend a partir de la ligne de
moteur {32) fournissant du fluide & I'actionneur,
lorsque la structure de valve de commande de
débit d’entrée (27) applique la pression de fluide
au premier orifice (20a, 56a; 70a) de l’actionneur
(20, 56, 70), la pression (en 47) qui est appliquée a
la structure de valve de commande de débit
d’entrée (27) est opposée a la pression pilote (31)
tendant & actionner la structure de valve de
commande de débit d’entrée (27) dans une direc-
tion pour fournir du fluide a la premiere extrémité
(20a, 56a, 70a) de ['actionneur (20, 56, 70), de
fagon que dans un mode dans lequel Ia charge
descend sous I'effet de son propre poids, la
pression de fluide qui est appliquée au premier
orifice (20a, 56a, 70a) soit réduite, ce qui tend 3
actionner les moyens (49, 55, 57) capabies de
retarder le mouvement de l'actionneur, et la
pression de fluide (en 47) qui est appliquée {par
48) 3 la structure de valve de commande de débit
d'entrée (27) soit réduite, ce qui permet a Ia
pression pilote {en 31) d’ouvrir davantage la
structure de valve de commande de débit d’en-
trée (27), permettant ainsi la circulation d'une plus
grande quantité de fluide vers le premier orifice
{(20a, 56a, 70a) de I'actionneur (20, 56, 70) et
augmentant la pression de fluide qui est appli-
quée aux moyens de contrdle (49, 55, 57).

2. Le systéme hydraulique selon la revendica-
tion 1, dans lequel les moyens destinés a contro-
ler une charge qui descend sous l'effet de son
propre poids comprennent une valve d’équili-
brage (49, 57} qui est reliée au second orifice (20b,
70b} de l'actionneur {20, 70) par l'intermédiaire
d‘une ligne {50, 33), et qui est commandée par la
pression qui est appliquée {par 51, 58) a la ligne
de moteur {32) fournissant le fluide & I"actionneur.

3. Le systéme hydraulique selon la revendica-
tion 1, dans lequel les moyens destinés & contrd-
ler une charge qui descend sous l'effet de son
propre poids comprennent une structure de valve
de commande de débit de sortie ouverte au repos
(52) associée au second orifice {20b) de |'action-
neur (20) et qui est fermée lorsque la structure de
valve de commande de débit d'entrée (27) est
actionnée pour diriger le fluide vers le second
orifice (20b) de V'actionneur, et une valve d’équili-
brage (49) entre le second orifice (20b) et la
structure de valve de commande de débit de
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neur {20, 70), et des moyens (58) destinés &
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sortie ouverte au repos (52), avec une ligne {51)
dirigée vers cette valve d’équilibrage (49).

4. Le systéme hydrauligue seion la revendica-
tion 1, dans lequel les moyens destinés a contro-
ler une charge qui descend sous l'effet de son
propre poids comprennent une structure de valve
de commande de débit de sortie ouverte au repos
(52) qui est associée a |'actionneur (56) et qui est
fermée lorsque la structure de vaive de com-
mande de débit d’entrée {27) est actionnée pour
diriger le fluide vers le second orifice (66b) de
I"actionneur (56), et une structure de frein de
charge hydraulique (55) associée a I'actionneur
(66), avec une ligne (32, 51) dirigée vers cette
structure de frein de charge (55).

5. Le systéeme hydraulique selon la revendica-
tion 4, dans lequel l'actionneur consiste en un
actionneur rotatif (56).

6. Le systeme hydraulique selon la revendication
1, dans lequel les moyens destinés a contréler une
charge qui descend sous ['effet de son propre
poids comprennent une structure de valve de
commande de débit de sortie fermée au repos (57),
associée au second orifice (20b, 70b) de I'action-
appliquer a la structure de commande de débit de
sortie mentionnée en dernier (57) la pression qui
est dirigée vers le premier orifice (20a, 70a), pour
tendre a ouvrir cette structure de commande de
debit de sortie lorsque le fluide est dirigé vers le
premier orifice {20a, 70a) de I'actionneur (20, 70).

7. Le systéme hydraulique selon la revendica-
tion 6, dans lequel |'actionneur consiste en un
actionneur rotatif (70).

8. Le systéme de commande hydraulique selon
la revendication 6, comprenant au moins une
structure de restriction (59, 62) destinée a appli-
quer une pression réduite 3 la structure de com-
mande de débit de sortie mentionnée en dernier
{57).

9. Le systéme hydraulique selon la revendica-
tion 8, comprenant une structure de vaive anti-
cavitation (39) associée au coté d’'évacuation de la
structure de valve de commande de débit de
sortie fermée au repos mentionnée en dernier
(67} et comportant une structure de restriction
(59, 62) associée a cette structure de valve de
commande de débit de sortie fermée au repos
(67), pour appliquer une contre-pression 3 la
structure de valve anti-cavitation (39).

10. Le systéeme hydraulique selon la revendica-
tion 9, dans lequel la structure de restriction (59,
62) associée a la structure de valve de commande
de débit de sortie fermée au repos (57) est telle
que la contre-pression qui est appliquée & la
structure de valve anti-cavitation (39) est supé-

_rieure & la pression appliquée a la structure de

valve de commande de débit de sortie fermée au
repos (57).

11. Le systéme hydraulique selon ia revendica-
tion 10, comprenant une structure de restriction
supplémentaire (60) dans la ligne dirigée vers la
structure de valve de commande de débit de
sortie fermée au repos (57), pour augmenter
I'amortissement du systéme.
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