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(57) A hydraulic arrangement (14, 214) for a work
machine (1) comprising: a body (2) and a hydraulically
actuated workimplement (6); said hydraulic arrangement
(14) comprises: pumping means (17) to suck hydraulic
fluid from atank (18) and to provide at outlet a pressurized
flow of hydraulic fluid; one actuator (7) to operate the
hydraulically actuated work implement (6); a hydraulic
circuit (20) to put the source of hydraulic fluid (17) in
communication with the hydraulic actuator (7); and a
control valve arrangement (22) to selectively put the
hydraulic circuit (20) in fluid communication with the

hydraulic actuator (7); the hydraulic circuit (20) com-
prises: afirsthydraulic line (21a) connecting the pumping
means (17) with the actuator (7); a second hydraulic line
(21c¢) connecting the tank (18) with the actuator (7); one
hydraulic accumulator (26, 28) fluidly connected to the
first hydraulic line (21a);

the hydraulic accumulator (26, 28) comprises a first
chamber (31a) connected to the first hydraulic line
(21a) and a second preload chamber (31b), opposite
to the first chamber (31a), connected to pumping means
17).
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Description

TECHNICAL FIELD

[0001] The present invention relates to a hydraulic
arrangement for a work machine, in particular for an
earth-moving machine such as an excavator, a digger,
a mechanical shovel or the like. The present invention
further relates to the control method of such hydraulic
arrangement and to a work machine comprising such
hydraulic arrangement.

[0002] The present invention finds its preferred,
although not exclusive, application in a hydraulic ar-
rangement provided with a common pressure rails
(CPR) configuration and adapted to control at least
one hydraulic actuator of a hydraulically actuated arm
of a work machine, in particular an excavator. Reference
will be made to this application by way of the example
below, without however losing in generality.

BACKGROUND OF THE INVENTION

[0003] As is known, work machines such as excava-
tors, diggers, mechanical shovel or the like are provided
with a hydraulically actuated work implement carried by a
body of the work machine and configured to perform
multiple earth-moving operations.

[0004] In particular, such hydraulic actuated work im-
plement usually comprises: a boom rotatably carried by
the body of the work machine; a stick or dipper or arm
rotatably carried by the boom; a bucket or similar work
attachment rotatably carried by the arm; and a plurality of
hydraulic actuators adapted to rotate the boom, the arm,
and the bucket with respect to their hinge points.
[0005] In addition, such work machines comprise a
hydraulic system, which is configured to provide pressur-
ized hydraulic fluid towards at least one of the aforemen-
tioned hydraulic actuators, in order to operate the latter.
[0006] Traditionally, such hydraulic system comprises
a source of pressurized hydraulic fluid and directional
proportional control valves configured to throttle the flow
of hydraulic fluid provided to each hydraulic actuator, to
control its operation. This allows a precise control of the
operation of each hydraulic actuator, but unfortunately
results in a great deal of hydraulic fluid routed back to
tank, with the waste in energy that this entails.

[0007] To reduce waste of energy and allow some
energy recovery, some manufacturer recently developed
hydraulic systems including a hydraulic circuit provided
with a common pressure rails (CPR) configuration, i.e.
comprising a plurality of discrete pressure lines arranged
in parallel to each other.

[0008] In addition, such hydraulic system comprises a
set oflogic on-off hydraulic valve configured to selectively
fluidly connect the hydraulic actuator to a source of
pressurized hydraulic fluid.

[0009] A simplified example of such hydraulic system
is schematically represented in Figure 1 and is denoted
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as a whole with reference number 100.

[0010] Hydraulic system comprises a hydraulic pump
110, which are carried by an internal combustion engine
120 and are configured to suck hydraulic fluid from a tank
130 and to provide at outlet a pressured flow of such
hydraulic fluid.

[0011] In addition, hydraulic system 100 comprises a
hydraulic circuit 140, which fluidly connects pumping
means 110 to at least one double-acting hydraulic cylin-
der 150, in order to feed to the same hydraulic cylinder
150 the hydraulic fluid provided at outlet. Hydraulic cy-
linder 150 may be, for instance, the boom actuator, the
arm actuator or the bucket actuator of the aforemen-
tioned work machine.

[0012] More in detail, hydraulic circuit 140 includes
three separate hydraulic lines or constant pressure rails
140a, 140b and 140c, which are arranged in parallel to
each other and are adapted to form a high-pressure rail, a
medium-pressure rail and a low-pressure rail respec-
tively. Low-pressure rail 140c is fluidly connected to tank
130. Medium-pressure rail 140b and high-pressure rail
140a, on the other hand, are fluidly connected to the
outlet of hydraulic pump 110.

[0013] In addition, hydraulic system 100 comprises a
pair of hydraulic accumulators 160a and 160b fluidly
connected respectively to high-pressure rail 140a and
medium-pressure rail 140b, and a valve 170, which is
operatively interposed between the outlet of hydraulic
pump 110 and high- and medium-pressure rails 140a and
140b, and is configured to control the pressurized hy-
draulic fluid fed towards the same high- and medium-
pressure rails 140a and 140b.

[0014] Although the above hydraulic system 100 al-
lows to reduce waste of energy and allows some energy
recovery by accumulating pressurized hydraulic fluid
within the hydraulic accumulators 160a and 160b during
operation of work machine, for instance during lowering
of the hydraulically actuated work implement or during
deceleration of the body, the same hydraulic architecture
still poses several drawbacks and there is still plenty of
room for improvements.

[0015] In particular, in the above-described hydraulic
system 100, it is not possible to optimize in real-time and
to quickly adapt the pressure of the hydraulic fluid within
high- and medium-pressure rails 140a and 140b to the
load demand at the hydraulic actuator 150, and therefore
to minimize the throttling losses.

[0016] In view of the above, the need is felt to provide
an improved hydraulic arrangement for a work machine
able to overcome the aforementioned drawbacks.
[0017] Aim of the present invention is to satisfy the
above-mentioned need in an optimized and cost-effec-
tive manner.

SUMMARY OF THE INVENTION

[0018] The aforementioned aims are reached by an
hydraulic arrangement, by a work machine and by a
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method as claimed in the appended set of claims.

BRIEF DESCRIPTION OF DRAWINGS

[0019] Forabetter understanding of the presentinven-
tion, a preferred embodiment is described in the follow-
ing, by way of a non-limiting example, with reference to
the attached drawings, wherein:

e Figure 1 is a schematic illustration of a hydraulic
system for a hydraulically actuated work implement
of a work machine as known in the art;

e Figure 2, 3 are schematic illustrations of as many
embodiments of a work machine realized according
to the present invention, with parts removed for
clarity.

DETAILED DESCRIPTION OF THE INVENTION

[0020] With reference to Figure 2, number 1 denotes,
asawhole, awork machine, in particular an earth-moving
machine such as an excavator, a digger, a mechanical
shovel or the like.

[0021] Work machine 1 comprises a body 2 movable
on the ground via ground engaging wheels or tracks (not
illustrated).

[0022] In particular, body 2 preferably comprises: a
lower frame or undercarriage (not illustrated), which car-
ries the ground engaging wheels or tracks to allow motion
of body 2 with respect to the ground; and an upper frame
(not illustrated) or superstructure, which is carried in a
rotatable manner by lower frame preferably about a
rotation axis orthogonal to the advancing plane of work
machine 1, i.e. orthogonal to the ground.

[0023] Inaddition, work machine preferably comprises
an internal combustion engine 4, which is configured to
provide torque to allow motion of the work machine 2, for
instance by driving a hydraulic pump, which in turn is
fluidly connected to hydraulic motors that drive in rotation
the ground engaging wheels or tracks.

[0024] In addition, work machine 1 comprises a hy-
draulically actuated workimplement 6, which is carried by
body 2 and is configured to perform multiple earth moving
operations, such as digging, handling earth or gravel,
loading trucks and/or similar operations. In particular,
work implement 6 is rotatably carried by the upper frame
of work machine 1.

[0025] As known, the hydraulically actuated work im-
plement6 preferably comprises: a boom rotatably carried
by the body 2; a stick or arm or dipper rotatably carried by
the boom; and a bucket and/or other similar tools rota-
tably carried by the arm.

[0026] In addition, work machine 1 preferably com-
prises one or more hydraulic actuators 7, which are
preferably carried by the hydraulically actuated work
implement 6 and are configured to operate the hydrau-
lically actuated work implement 6.
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[0027] In particular, the one or more hydraulic actua-
tors 7 may be configured to rotate the boom, the arm
and/or the bucket with respect their corresponding hinge
points.

[0028] More in detail, such a hydraulic actuator 7 pre-
ferably comprises a double-acting hydraulic cylinder, in
particular a two-chamber double-acting hydraulic cylin-
der.

[0029] With reference to the exemplary embodiment
illustrated in Figure 2, in particular, hydraulic actuator 7
preferably comprises a housing 8 which accommodates
in a sliding and fluid tight manner a piston 9. The piston 9
defines within the housing 8 two opposite chamber 10a
and 10b, which are adapted to contain pressurized hy-
draulic fluid and are configured to exert forces on the
piston 9 opposite to each other.

[0030] In addition, housing 8 is preferably provided
with two openings/ports 11a and 11b, which allow to
put the respective chamber 10a and 10b in fluid commu-
nication with the outside.

[0031] With reference to a possible embodiment, hy-
draulic actuators 7 preferably comprise one or more
boom actuators, configured to rotate the boom with re-
spect to the body 2. Preferably, hydraulic actuators 7
comprise two boom actuators arranged on opposite
sides of the boom.

[0032] Preferably, hydraulic actuators 7 further com-
prises at least one arm actuator (not illustrated), which is
carried by the arm and is configured to rotate the arm with
respect to the boom.

[0033] In addition, hydraulic actuators 7 preferably
comprise also at least one bucket actuator (not illu-
strated), which is preferably carried by the arm and is
configured to rotate the bucket with respect to the arm.
[0034] With reference to the preferred embodiment
illustrated in Figure 2, work machine 1 further comprise
a hydraulic arrangement 14, which is fluidly connected to
hydraulic actuator 7 and is configured to actuate this
latter, in order to operate said work implement accord-
ingly.

[0035] In particular, hydraulic arrangement 14 is car-
ried by body 2 and is adapted to be fluidly connected to
hydraulic actuator 7 by means of hydraulic lines 15, in
particular by means of flexible hydraulic hoses 15.
[0036] With reference to the exemplary embodiment
illustrated in Figure 2, hydraulic lines 15 preferably com-
prises a line or hose 15a configured to be fluidly con-
nected to opening 11a of hydraulic actuator 7 and aline or
hose 15b configured to be fluidly connected to opening
11b of hydraulic actuator 7.

[0037] In addition, hydraulic arrangement 14 prefer-
ably comprises a source of pressurized hydraulic fluid 17,
which is configured to provide at outlet a flow of pressur-
ized hydraulic fluid.

[0038] More in detail, the source of pressurized hy-
draulic fluid preferably comprises pumping means 17,
which are carried by internal combustion engine 4 and
are configured to suck hydraulic fluid from a tank 18 and
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to provide at outlet a pressurized flow of such hydraulic
fluid.

[0039] With reference to the exemplary embodiment
illustrated in Figure 2, hydraulic arrangement 14 further
comprises a hydraulic circuit 20 which is adapted to put
the outlet of the source of pressurized fluid, i.e. of pump-
ing means 17 in fluid communication with the hydraulic
actuator 7.

[0040] More in detail, the hydraulic circuit 20 is pre-
ferably provided with a common pressure rails (CPR)
configuration, i.e. it comprises a plurality of separate
hydraulic lines/ pipes/rails/conduits 21, which are ar-
ranged in parallel to each other and are each configured
to be fluidly connected between the source of pressur-
ized fluid and hydraulic actuator 7.

[0041] That is, all the hydraulic lines 21 of hydraulic
circuit are selectively connectable to hydraulic actuator 7,
in particular to both chambers 10a and 10b of hydraulic
actuator 7.

[0042] In particular, according to the CPR configura-
tion, hydraulic lines 21 of hydraulic circuit 20 are prefer-
ably configured to operate with a pressure setting which
is constant and is different to each other, in order each to
be able to provide pressurized hydraulic fluid to hydraulic
actuator 7 with different pressure levels.

[0043] More in detail, hydraulic circuit 20 comprises at
least two lines 21, which are arranged in parallel to each
other and are adapted to fluidly connect the source of
pressurized fluid with hydraulic actuator 7.

[0044] Preferably, the first one between the two lines
21 is connected to pumping means 17, while the second
is preferably connected to tank 18.

[0045] Accordingly, in operation, the first one between
lines 21 will define a high-pressure line and the other one
between lines 21 will define a low-pressure line.

[0046] In particular, with reference to the example illu-
strated in Figure 2, hydraulic circuit comprises at least
three lines 21a, 21b and 21c arranged in parallel to each
other.

[0047] Lines21aand 21b are preferably connected to
the outlet of pumping means 17, while line 21c is pre-
ferably connected to tank 18 and preferably comprises
filtering means 19.

[0048] With reference to the exemplary embodiment
illustrated in Figure 2, hydraulic arrangement 4 further
comprises a control valve arrangement 22, which is
fluidly interposed between hydraulic circuit 20 and hy-
draulic actuator 7, and is configured to regulate the flow of
pressurized hydraulic fluid fed toward the same hydraulic
actuator 7.

[0049] More in detail, control valve arrangement 22
configured to selectively put at least the high-pressure
line 21a and/or the low-pressure line 21c in fluid com-
munication with chamber 10a and/or chamber 10b of
hydraulic actuator 7.

[0050] In other words, in operation control valve ar-
rangement 22 is configured to allow to selectively fluidly
connect the chambers 10a and 10b of hydraulic actuator
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7 with lines 21 of hydraulic circuit 20.

[0051] In addition, control valve arrangement 22 is
preferably carried by body 2. Control valve arrangement
22 is preferably configured to be fluidly connected to
hydraulic actuator 7 via hydraulic lines 15.

[0052] According to a possible embodiment, control
valve arrangement 22 comprises a first valve set 23
configured to selectively put the lines of hydraulic circuit
20 in fluid communication with chamber 10a of hydraulic
actuator 7 and a second valve set 24 configured to
selectively put the lines of hydraulic circuit 20 in fluid
communication with chamber 10a of hydraulic actuator 7.
[0053] More in detail, each valve set 23 or 24 may
comprise as many valves as many lines 21 there are
provided within hydraulic circuit 20.

[0054] For example, valves of first valve set 23 and of
second valve set 24 may comprise solenoid-controlled
two-way two-position valves, for instance solenoid-con-
trolled two-way two-position on-off valves or solenoid-
controlled two-way two-position proportional valves,
which are operable independently to each other and
are operable between an open position and a closed
position, to selectively fluidly connect respective lines
21a, 21b or 21c¢ with respective chambers 10a or 10b
of hydraulic actuator 7.

[0055] With reference to the exemplary embodiment
illustrated in Figure 2, hydraulic arrangement 14 further
comprises atleast one hydraulicaccumulator 26, which is
fluidly connected to hydraulic circuit 20, preferably up-
stream control valve arrangement 22.

[0056] More in detail, hydraulic accumulator 26 is pre-
ferably fluidly connected to the first one between lines 21,
i.e. to the a high-pressure line 21a.

[0057] According to the exemplary embodiment illu-
strated in Figure 2, hydraulic arrangement preferably
comprises a first hydraulic accumulator 27, in the follow-
ing referred to as "high-pressure hydraulic accumulator
27" fluidly connected to high-pressure line 21a and a
second hydraulic accumulator 28, in the following re-
ferred to as "medium-pressure hydraulic accumulator
28" fluidly connected to medium-pressure line 21b.
[0058] It is intended that according to the present in-
vention, hydraulic arrangement 14 may comprise one
hydraulic accumulator 26 for each hydraulic line 21 of
hydraulic circuit 20, apart from low-pressure hydraulic
line 21¢, which may be not provided with a hydraulic
accumulator 26.

[0059] The one or more hydraulic accumulators 26
preferably comprises housing 29, in particular a cylind-
rical housing 29, accommodating in a fluid tight and
sliding manner at least one piston assembly or septum
30, which defines two opposing chambers 31a and 31b
within housing 29 fluidly separated to each other.
[0060] In particular, first chamber 31a is preferably
delimited between one end of housing 29 and piston
assembly 30, in particular a first piston 30, and second
chamber 31b is preferably delimited between a second
end, opposite to the first, of housing 29 and the piston
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assembly 30.

[0061] First chamber 31a is preferably fluidly con-
nected to hydraulic circuit 20.

[0062] More in detail, according to the exemplary em-
bodimentillustrated in Figure 2, first chamber 31a of high-
pressure hydraulic accumulator 27 is preferably fluidly
connected to high-pressure line 21a of hydraulic circuit
20, and first chamber 31a of medium-pressure hydraulic
accumulator 28 is preferably fluidly connected to med-
ium-pressure line 21b of hydraulic circuit 20.

[0063] Preferably, first chamber 31a of hydraulic accu-
mulator 26, in particular of high-pressure hydraulic accu-
mulators 27 and medium-pressure hydraulic accumula-
tors 28, is preferably configured to contain pressurized
hydraulic fluid, in particular oil.

[0064] Second chamber 31b of hydraulic accumulator
26, in particular of high-pressure hydraulic accumulators
27 and medium-pressure hydraulic accumulators 28, is
preferably fluidly connected to the source of pressurized
hydraulic fluid, i.e. to pumping means 17, in order to be
charged with hydraulic fluid, preferably oil, and vary/re-
gulate the preload of the same hydraulic accumulator 26.
[0065] More in detail, by varying the pressure within
second chamber 31b of hydraulic accumulator 26, the
pressure within first chamber 31a of the same hydraulic
accumulator 26 will vary accordingly.

[0066] The technical effect associated to the variation
of the pressure within chambers 31a and 31b of hydraulic
accumulator 26 is related to the possibility of regulating
the pressure within the line 21 fluidly connected to the
same accumulator.

[0067] In particular, by varying the pressure within
high-pressure hydraulic accumulators 27 and medium-
pressure hydraulic accumulators 28, it is possible to
regulate the pressure within high-pressure line 21a
and medium-pressure line 21b respectively.

[0068] With reference to the exemplary embodiment
illustrated in Figure 2, the one or more hydraulic accu-
mulators 26, in particular high-pressure hydraulic accu-
mulator 27 and medium-pressure hydraulic accumulator
28, preferably include double double-piston accumula-
tors.

[0069] In other words, piston assembly 30 may com-
prise a pair of pistons or septa, which are arranged in a
sliding and fluid tight manner within housing 29 and are
spaced to each other. The two pistons of piston assembly
30 preferably defines within housing 29 a third chamber
31c fluidly separated from the two chambers 31a and
31b.

[0070] Third chamber 31c of hydraulic accumulator 26,
in particular of high-pressure hydraulic accumulators 27
and medium-pressure hydraulic accumulators 28, is pre-
ferably configured to contain pressurized gas.

[0071] In addition, third chambers 31c of hydraulic
accumulator 26, in particular of high-pressure hydraulic
accumulators 27 and medium-pressure hydraulic accu-
mulators 28, is preferably sealed and preferably contains
pressurized gas at a predetermined pressure.
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[0072] With reference to the exemplary embodiment
illustrated in Figure 2, as far as the source of pressurized
hydraulic fluid 17, i.e. pumping means 17, is concerned, it
preferably comprises a hydraulic pump 34, which is pre-
ferably carried by internal combustion engine 4 in order to
be driven in rotation.

[0073] Preferably, hydraulic pump 34 is variable dis-
placement hydraulic pump.

[0074] In addition, the outlet of hydraulic pump 34 is
fluidly connected at least to the first hydraulic line of
hydraulic circuit 20 and to first chamber 31a of accumu-
lator 26.

[0075] More in detail, with reference to the exemplary
embodimentillustrated in Figure 2, the outlet of hydraulic
pump 34 is preferably fluidly connected to high-pressure
line 21a and medium pressure line 21c, and also to first
chamber 31a of high-pressure hydraulic accumulator 27
and medium-pressure hydraulic accumulator 28.
[0076] In addition, hydraulic arrangement 14 prefer-
ably comprises valve means 38, which are operatively
interposed between the source of pressurized hydraulic
fluid 17 and the first hydraulic line of hydraulic circuit 20
and to first chamber 31a of accumulator 26.

[0077] Valve means 38 are configured to control the
flow of hydraulic fluid provided at outlet the source of
pressurized hydraulic fluid 17, i.e. by hydraulic pump 34,
and flowing through the same first hydraulic line towards
hydraulic accumulator 26.

[0078] More in detail, according to the example illu-
strated in Figure 2, valve means 38 are preferably fluidly
interposed between the outlet of hydraulic pump 34 and
high-pressure line 21a and medium pressure line 21c,
and respectively also to first chamber 31a of high-pres-
sure hydraulic accumulator 27 and medium-pressure
hydraulic accumulator 28.

[0079] In addition, valve means 38 are preferably con-
figured to selectively fluidly connect high-pressure line
21a and medium pressure line 21c to the outlet of hy-
draulic pump 34, in particular to alternatively fluidly con-
nect one between high-pressure hydraulic line 21a and
medium-pressure hydraulic line 21b to the outlet of hy-
draulic pump 34.

[0080] With reference to the exemplary embodiment
illustrated in Figure 2, valve means 38 preferably com-
prises a three-way three-position hydraulic valve 40, in
particular a solenoid controlled three-way three-position
hydraulic valve 40.

[0081] The three openings of hydraulic valve 40 are
preferably fluidly connected to the outlet of hydraulic
pump 34, to high-pressure hydraulic line 21a and to
medium-pressure hydraulic line 21b.

[0082] In the first position, hydraulic valve 40 is con-
figured to put the outlet of hydraulic pump 34 in fluid
communication with high-pressure hydraulic line 21a
and to fluidly isolate medium-pressure hydraulic line
21b from hydraulic pump 34.

[0083] In the second position, hydraulic valve 40 is
configured to put the outlet of hydraulic pump 34 in fluid
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communication with medium-pressure hydraulic line 21b
and to fluidly isolate high-pressure hydraulic line 21a
from hydraulic pump 34.

[0084] Inthird position, hydraulic valve 40 is configured
to fluidly separate its ports, i.e. to fluidly separate med-
ium-pressure hydraulic line 21b and high-pressure hy-
draulic line 21a from the outlet of hydraulic pump 34.
[0085] With reference to the exemplary embodiment
illustrated in Figure 2, in addition, hydraulic arrangement
14 further comprises at least one charging line 41 fluidly
connecting the source of pressurized hydraulic fluid 17,
i.e. pumping means 17, with the second chamber 31b of
hydraulic accumulator 26, in order to allow to fed pres-
surized hydraulic fluid within second chamber 31b of
hydraulic accumulator 26.

[0086] Inparticular, chargingline 41 is preferably fluidly
connected to the outlet of hydraulic pump 34.

[0087] More in detail, with reference to the exemplary
embodiment illustrated in Figure 2, hydraulic arrange-
ment 14 preferably comprises a first charging line 41a, in
the following referred to as "high-pressure charging line
41a", fluidly connecting the source of pressurized hy-
draulic fluid 17 with the second chamber 31b of high-
pressure hydraulic accumulator 27.

[0088] In addition, hydraulic arrangement 14 prefer-
ably comprises a second charging line 41b, in the follow-
ing referred to as "medium-pressure charging line 41b",
fluidly connecting the source of pressurized hydraulic
fluid 17 with the second chamber 31b of medium-pres-
sure hydraulic accumulator 28.

[0089] In addition, hydraulic arrangement 14 prefer-
ably comprises valve means 43, which are operatively
interposed between the source of pressurized hydraulic
fluid 17 and second chamber 31b of accumulator 26
along charging line 41, and are configured to control
the flow of pressurized hydraulic fluid flowing through
the same charging line 41 towards the respective hy-
draulic accumulator 26.

[0090] More in detail, according to the exemplary em-
bodiment illustrated in Figure 2, valve means 43 are
preferably fluidly interposed between the source of pres-
surized hydraulic fluid 17 and high- and medium-pres-
sure charging lines 41a and 41b, and are configured to
selectively fluidly connect these latter to the source of
pressurized hydraulic fluid 17, in particular to alterna-
tively fluidly connected one between high-pressure char-
ging line 41a and medium-pressure charging line 41b to
the source of pressurized hydraulic fluid 17.

[0091] In other words, downstream valve means 43,
hydraulic line 41 preferably branches off in a high-pres-
sure charging line 41a fluidly connected to the second
chamber of high-pressure hydraulic accumulator 27 and
in amedium-pressure charging line 41b fluidly connected
to the second chamber of medium-pressure hydraulic
accumulator 28.

[0092] With reference to the exemplary embodiment
illustrated in Figure 2, valve means 43 preferably com-
prises a three-way three-position hydraulic valve 45, in
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particular a solenoid controlled three-way three-position
hydraulic valve 45. Preferably, valve 45 is a proportional
valve 45.

[0093] The three openings of hydraulic valve 45 are
preferably fluidly connected to the source of pressurized
hydraulic fluid 17, in particular to the outlet of hydraulic
pump 34, to high-pressure charging line 41a and to
medium-pressure charging line 41b.

[0094] In the first position, hydraulic valve 45 is con-
figured to put the source of pressurized hydraulic fluid 17
in fluid communication with high-pressure charging line
41a and to fluidly isolate medium-pressure charging line
41b from the source of pressurized hydraulic fluid 17.
[0095] In the second position, hydraulic valve 45 is
configured to put the source of pressurized hydraulic
fluid 17 in fluid communication with medium-pressure
charging line 41b and to fluidly isolate high-pressure
charging line 41a from the source of pressurized hydrau-
lic fluid 17.

[0096] In the third position, hydraulic valve 45 is con-
figured to fluidly separate its ports, i.e. medium-pressure
charging line 41b and high-pressure charging line 41a
from the source of pressurized hydraulic fluid 17.
[0097] With reference to exemplary embodiment illu-
strated in Figure 2, charging line 41 and/or second cham-
ber 31b of hydraulic accumulator 26, in particular of high-
pressure hydraulic accumulator 27 and/or of medium-
pressure hydraulic accumulator 28, is/are preferably se-
lectively connectable to tank 18.

[0098] More in detail, charging line 41 is preferably
selectively connectable to low-pressure line 21c.
[0099] Ineven more detail, high-pressure charging line
41a and medium-pressure charging line 41b are prefer-
ably selectively connectable to low-pressure line 21c.
[0100] In addition, hydraulic arrangement 14 prefer-
ably comprises valve means 47, which are operatively
arranged along charging line 41, downstream hydraulic
accumulator 26 and are configured to allow to selectively
connect charging line 41 to tank 18, in particular to low-
pressure line 21c.

[0101] With reference to the exemplary embodiment
illustrated in Figure 2, valve means 47 preferably com-
prises a two-way two-position hydraulic valve 48, in
particular a solenoid controlled two-way two-position
hydraulic valve 48. Preferably, valve 48 is a proportional
valve 48.

[0102] More in detail, valve means 48 preferably com-
prises a first hydraulic valve 48a arranged along high-
pressure charging line 41a and a second hydraulic valve
48b arranged along medium-pressure charging line 41b,
preferably downstream the respective high-pressure hy-
draulic accumulator 27 and medium-pressure hydraulic
accumulator 28.

[0103] With reference to the exemplary embodiment
illustrated in Figure 2, hydraulic arrangement 14 prefer-
ably further comprises at least one additional hydraulic
accumulator 50, which is fluidly connected to charging
line 41, preferably between the source of pressurized
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hydraulicfluid 17, i.e. the outlet of hydraulic pump 34, and
valve means 43.

[0104] In addition, hydraulic arrangement 14 prefer-
ably comprises a check valve 51 and/or other similar
valve means fluidly interposed between the outlet of
pumping means 34 and the hydraulic accumulator 50.
[0105] In particular, additional hydraulic accumulator
50 allows to fluidly decouple hydraulic pump 34 and the
second chamber 31b of accumulator 26, in particular of
high-pressure accumulator 27 and/or of medium-pres-
sure accumulator 28.

[0106] Accordingly, during operation, the second
chamber 31b of accumulator 26, in particular of high-
and medium-pressure accumulator 28 and 27, may be
charged with the pressurized hydraulic fluid stored within
additional hydraulic accumulator 50. In addition, during
operation, hydraulic pump 34 may be operated to charge
additional hydraulic accumulator 50.

[0107] With reference to the exemplary embodiment
illustrated in Figure 1, hydraulic arrangement 14 may be
further provided with sensing means configured to mea-
sure the pressure of the hydraulic fluid present within
hydraulic circuit 20.

[0108] More in detail, such sensing means may com-
prise pressure sensors 52a and 52b coupled at least to
high- and medium- line 21a and 21b.

[0109] In addition, such sensor means may further
comprise pressure sensor 52c¢ and 52d coupled to high-
and medium-pressure charging line 41a and 41b.
[0110] With reference to the exemplary embodiment
illustrated in Figure 2, work machine 1 preferably further
comprises an electronic control unit 60, which may be
operatively connected to control valve arrangement 22,
to valve means 38, 43 and/or 47, to pumping means 17
and is provided with elaboration means configured, in
use, to control their operation.

[0111] In particular, electronic control unit 60 may be
operatively connected to said sensor means and may be
configured to control operation of control valve arrange-
ment 22, valve means 38, 43 and/or 47, and/or pumping
means 17 based on the data provided by said sensor
means.

[0112] The operation of the above-described hydraulic
arrangement 14 is the following.

[0113] Hydraulic pump 34 is controlled to provide at
outlet a pressurized flow of hydraulic fluid and valve
means 38 are controlled to selectively charge high-pres-
sure line 21a and first chamber 31a of accumulator 27 so
that the hydraulic fluid within high-pressure line 21a, i.e.
high-pressure rail, reaches a predetermined level.
[0114] In addition, hydraulic pump 34 is controlled to
provide at outlet a pressurized flow of hydraulic fluid and
valve means 38 are controlled to selectively charge
medium-pressure line 21b and first chamber 31a of
medium-pressure accumulator 28, so that the hydraulic
fluid within high-pressure line 21a, i.e. high-pressure rail,
reaches a predetermined level.

[0115] Atthe sametime, valve means 43 are controlled
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to charge the second chambers 31b of high- and med-
ium-pressure accumulators 27 and 28, in order to control
the preload of such hydraulic accumulators.

[0116] By controlling operation of hydraulic pump 34,
valve means 43 and valve means 47, it is possible to
control the pressure level within second chambers 31b of
high- and medium-pressure accumulators 27 and 28,
and accordingly within second chambers 31b of high-
and medium-pressure accumulators 27 and 28 and high-
and medium-pressure line 21a and 21b.

[0117] Inview of the foregoing, the presentinvention is
further directed to a method for controlling hydraulic
arrangement 14.

[0118] The method comprises the following steps:

a) determining the pressure of the hydraulic fluid
within the first line of the hydraulic circuit 20; and
b) controlling the operation of the source of pressur-
ized hydraulic fluid 17 and of valve means 38, 43
and/or 47 so that the pressure within the first line of
the hydraulic circuit 20 is within a predetermined
interval.

[0119] More in detail, step a) preferably comprises the
step of determining the pressure of the hydraulic fluid
within the high- and medium-pressure line 21a and 21b.
[0120] In addition, step a) may further comprise the
step of determining the pressure of the hydraulic fluid
within charging line 41, in particular within high- and
medium-pressure charging line 41a and 41b.

[0121] Steb b) in addition may comprise the step of
controlling the displacement of main pumps 34 and/or the
actuation of valve means 38, 43 and 47, so that the
pressure of the hydraulic fluid within first chamber 31a
and second chamber 31b of accumulator 36, in particular
of high- and medium-pressure accumulator 27 and 28 is
within a first and a second predetermined interval.
[0122] Preferably, the first predetermined interval is
higher than the second predetermined interval.

[0123] In view of the foregoing, the advantages of a
hydraulic arrangement 14 according to the present in-
vention are considerable and apparent.

[0124] In particular, the provision of a double-chamber
hydraulic accumulator 26 and of a dedicated charging
line 41 allows, in use, to obtain a precise and fast control
of the pressure levels within high-pressure line 21a and
medium-pressure line 21b, in order to obtain a precise
and fast response of the hydraulic circuit 20 to the actual
flowrate and pressure demand required at hydraulic ac-
tuator 7.

[0125] Infact, the pressure levels within the same high-
pressure line 21a and medium-pressure line 21b may be
controlled also controlling the pressure of the hydraulic
fluid stored within chambers 31b of hydraulic accumula-
tors 26, which in turn is controlled by controlling valve
means 43.

[0126] In addition, according to the proposed layout, it
is possible to increase the number of hydraulic lines 21
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within CPR hydraulic circuit 20 and the number of asso-
ciated hydraulic accumulators 26 without necessarily
increasing the number of hydraulic pumps 34. In fact, if
properly sized, only one hydraulic pump 34 may be
enough for four or more different hydraulic lines 21 within
hydraulic circuit 20.

[0127] Lastly, the provision of the additional hydraulic
accumulator 50 between the source of pressurized hy-
draulic fluid 17 and valve means 43, along charging line
41 allows to decouple the operation of hydraulic pump 34
from the operation of the hydraulic accumulators 26, in
particular of high-pressure hydraulic accumulator 27 and
medium-pressure hydraulic accumulator 28, arranged
downstream the addition hydraulic accumulator 26.
[0128] This allows to operate the internal combustion
engine 4 and the hydraulic pump 34 in their respective
maximum efficiency intervals to charge the hydraulic
accumulator 50, independently from the actual flow de-
mand at the hydraulic actuators 7, thus allowing to reduce
the overall fuel consumption of work machine 1.

[0129] Itis clear that modifications can be made to the
described hydraulic arrangement 14, which do not ex-
tend beyond the scope of protection defined by the
claims.

[0130] In particular, the number of hydraulic lines 21 of
hydraulic circuit 20 may be higher, for instance hydraulic
circuit 20 may comprise four or more different hydraulic
lines 21 arranged in parallel to each other.

[0131] Accordingly, also the number of hydraulic accu-
mulators 26 may be different. In particular, hydraulic
circuit may comprise as many hydraulic accumulators
26 as many different lines 21 there are provided within
hydraulic circuit 20, apart from low-pressure line 21c
which may not be provided with a hydraulic accumulator
26.

[0132] In addition, Figure 3 illustrates a hydraulic ar-
rangement 214, whichis similarto hydraulicarrangement
14 and whose corresponding parts will be denoted with
the same reference numbers as hydraulic arrangement
14.

[0133] Hydraulic arrangement 214 distinguishes from
hydraulic arrangement 14 in that charging line 41 is not
connected to the outlet of hydraulic pump 34, and in that it
further comprises a second hydraulic pump 234, referred
also to as "charging pump 234", which is fluidly con-
nected to charging line 41.

[0134] More in detail, charging pump 234 is preferably
arranged in parallel to hydraulic pump 34.

[0135] In addition, charging pump 234 is preferably
carried by internal combustion engine 4 and is adapted
to suck hydraulic fluid from tank 18 and to provide at outlet
a pressurized flow of hydraulic fluid, towards charging
line 41.

[0136] Preferably, charging pump 234 is a variable
displacement pump.
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Claims

1. A hydraulic arrangement (14, 214) for a work ma-
chine (1) ;

said work machine (1) comprising: a body (2)
movable on the ground by means of ground
engaging means; and a hydraulically actuated
work implement (6), which is rotatably carried by
said body (2) and is configured to perform multi-
ple earth moving operations;

said hydraulic arrangement (14) comprising:

» a source of pressurized hydraulic fluid
(17), which is configured to suck hydraulic
fluid from a tank (18) and to provide at outlet
a pressurized flow of hydraulic fluid;

« atleast one hydraulic actuator (7), which is
configured to operate said hydraulically ac-
tuated work implement (6) ;

» a hydraulic circuit (20), which is configured
to put said source of hydraulic fluid (17) in
fluid communication with said hydraulic ac-
tuator (7); and

* a control valve arrangement (22), which is
operatively interposed between said hy-
draulic circuit (20) and said hydraulic actua-
tor (7) and is configured to selectively put
said hydraulic circuit (20) in fluid commu-
nication with said hydraulic actuator (7); and

said hydraulic circuit (20) comprising:

« a first hydraulic line (21a), which fluidly
connects said source of pressurized hy-
draulic fluid (17) with said hydraulic actuator
(7);

» a second hydraulic line (21c), which is
arranged in parallel to said first hydraulic
line (21a) and fluidly connects said tank (18)
with said hydraulic actuator (7); and

« at least a first hydraulic accumulator (26,
27), which is fluidly connected to said first
hydraulic line (21a), upstream said control
valve arrangement (22);

said first hydraulic accumulator (26, 27) com-
prising a housing (29) and a piston assembly
(30), which is accommodated in a fluid-tight and
slidable manner within said housing (29) and
defines at least a first chamber (31a) and a
second chamber (31b), opposite to said first
chamber (31a);

the first chamber (31a) of said first hydraulic
accumulator being fluidly connected to said first
hydraulic line (21a);

the second chamber (31b) of said hydraulic
accumulator (26, 27) being fluidly connected
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to said source of hydraulic fluid (17) via a char-
ging line (41, 41a), which is arranged in parallel
to said hydraulic circuit (20).

Hydraulicarrangementaccording to claim 1, wherein
said source of pressurized hydraulic fluid (17) com-
prises a first hydraulic pump (34) configured to be
fluidly connected to said first hydraulic line (21a).

Hydraulic arrangement according to claim 1 or 2,
further comprising first valve means (38), which are
operatively interposed between said source of pres-
surized hydraulic fluid (17) and said first hydraulic
line (21a), and are configured to control the flow of
pressurized hydraulic fluid flowing towards said first
chamber (31a) of said first hydraulic accumulator
(26, 27).

Hydraulic arrangement according to claim 3, further
comprising second valve means (43), which are
operatively interposed between said source of pres-
surized hydraulic fluid (17) and the second chamber
(31b) of said first hydraulic accumulator (26, 27), and
are configured to control the flow of pressurized
hydraulic fluid flowing towards said second chamber
(31b) of said first hydraulic accumulator (26, 27).

Hydraulic arrangement according to claim 4, further
comprising an additional hydraulic accumulator (50),
which is fluidly connected to said charging line (41),
between said source of pressurized hydraulic fluid
(17) and said second valve means (43).

Hydraulic accumulator, according to claim 4 or 5,
wherein said hydraulic circuit (20) further comprises:

+ a third hydraulic line (21b), which fluidly con-
nects said source of pressurized hydraulic fluid
(17) with said hydraulic actuator (7) and is ar-
ranged in parallel to said first hydraulic line
(21a); and

+asecond hydraulic accumulator (26, 28), which
is fluidly connected to said second hydraulic line
(21b) upstream said control valve arrangement
(22);

said second hydraulic accumulator (26, 28)
comprising a housing (29) and a piston
assembly (30), which is accommodated in
a fluid-tight and slidable manner within said
housing (29) and defines at least a first
chamber (31a) and a second chamber
(31b), opposite to said first chamber (31a);
the first chamber (31a) of said second hy-
draulic accumulator (28) being fluidly con-
nected to said second hydraulic line (21b) ;
the second chamber (31b) of said second
hydraulic accumulator (28) being fluidly
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10

10.

1.

12.

connected to said source of pressurized
hydraulic fluid (17) via said charging line
(41, 41b) .

Hydraulic arrangement according to claim 6, wherein
said charging line (41), downstream said second
valve means (43) branches off in a first charging line
(41a) fluidly connected to the second chamber of
said first hydraulic accumulator (26, 28) and in a
second charging line (41b) fluidly connected to the
second chamber of said second hydraulic accumu-
lator (26, 28).

Hydraulic arrangement according to claim 6 or 7,
wherein the piston assembly (30) of said first hy-
draulic actuator (26, 28) and/or of said second hy-
draulic accumulator (26, 28) comprises a pair of
pistons/septa, which are arranged in a sliding and
fluid tight manner within said housing (29) and are
spaced from each other, in order to define within said
housing (29) a third chamber (31c), which is fluidly
separated from said first chamber (31a) and said
second (31b) and is configured to contain pressur-
ized gas.

Hydraulic arrangement according to claim 6, 7 or 8,
wherein said first valve means (38) and/or said sec-
ond valve means (43) comprise a three-way three-
position solenoid-controlled valve (40).

Hydraulic arrangement according to any of claims
from 2 to 9, wherein said source of pressurized
hydraulic fluid (17) comprises a second hydraulic
pump (234), which is arranged in parallel to said first
hydraulic pump (34) and is configured to be fluidly
connected to said charging line (41).

A work machine (1) comprising: a body (2) movable
on the ground by means of ground engaging means;
a hydraulically actuated work implement (6), which is
rotatably carried by said body (2) and is configured to
perform multiple earth moving operations; and an
hydraulic arrangement (14), which is realized ac-
cording to any of the preceding claims.

A method for controlling a hydraulic arrangement
(14, 214) realized according to any of claims from
4 to 10, the method comprising the following steps:

a) determining the pressure of the hydraulic fluid
within said first hydraulic line (21a) of said hy-
draulic circuit (20); and

b) controlling the operation of source of hydrau-
lic fluid (17), said first valve means (38) and/or
said second valve means (43) according to the
pressure determined in step a), in order to main-
tain the pressure of the hydraulic fluid within said
first hydraulic line (21a) within a predetermined



interval.

17

EP 4 491 809 A1

10

15

20

25

30

35

40

45

50

55

11

18



EP 4 491 809 A1

l "SI

0EL ™~

eovlL

ocl

\

oLl

0L1

qovl

Ty oLk oATIEW

om_/\

qo91

Yy

€091

001

12



EP 4 491 809 A1

Z Ol . gL Ly

N N I

_
_
_
_
_
\_
A m =] N % AR
\\ _ _ " " " " _ U—N wm TIT TIT
/ _ i , 0s
- ] = = 1 [ acs N & S
| I QL qiz 2
s T 1 o |E-0
MN_ o Hh ; TL_ ﬁ_‘N\ _.
| = |82 0 @ egyy | °LE
T R + = L€ o€ d1¢
| {ITW T e
eZS r 7 ldlE 67 ez 1€ ~__
Lo — L — J \o_ww gt gz | °C/7 Ly
] - _
| /¥ Ly ﬁ\
| pzs 9z /E
eS| _r s
S~ gsli
ell qil
r —_— — N\||\ — 1
eol—+) | | — 09 —

13




EP 4 491 809 A1

° r-—-—- - - - - - - - - - - - - ¥ 1]F -"—-—""""—-7-'¥-" —/" -/ —_ =
¢ Dl | 8l L
| o 6l pET /
pe L\ m, V\H:H W
| 44 - 1z /@
_ ) 0¢ \
_ \ bz \ £ oy,
i
e s TR
1 = | = §||%
\\ _ _ " _ k"m" _ S17 WM\A Tlr TiT
\ ] I ] ] _ / om
0 || = I acs S S
| i Im m\u/k qie 3%
_ _ ] | ] ] _ | m ](Q—‘.v
(FNpwny - &
R = = M\u 8y egpy | CLE
T I = = JLE 0§ dlE
| © QHM}? a4 qie Y
¢s qLe P Rez 62 -
L - — 1+ — . \o_wv [ 8 8] O/t Ly
, |
| Ly Iy \
_ 514° 97 /EN
eS| L e
S~ q¢l
ery qLl
- — — N\||\| g
«— -
e0l—+) | . _ - | o5 —
\ w\/_{\ / v\/ _l\\l/, —] l—
L — - — — 9
c m\w m\ qol

14




10

15

20

25

30

35

40

45

50

55

EP 4 491 809 A1

9

Europaisches
Patentamt

European
Patent Office

Office européen
des brevets

EUROPEAN SEARCH REPORT

DOCUMENTS CONSIDERED TO BE RELEVANT

Application Number

EP 24 18 8145

=

Munich 13 November 2024

Category Citation of document with indication, where appropriate, Relevant CLASSIFICATION OF THE
of relevant passages to claim APPLICATION (IPC)
JP 2001 295813 A (YANMAR DIESEL ENGINE CO) (1-4,10, | INV.
26 October 2001 (2001-10-26) 11 EQ02F9/22
A * the whole document * 5-9,12
A CN 105 714 872 A (UNIV BEIJING CIVIL 1-12
ENGINEERING & ARCHITECTURE)
29 June 2016 (2016-06-29)
* the whole document *
TECHNICAL FIELDS
SEARCHED (IPC)
EQ2F
The present search report has been drawn up for all claims
Place of search Date of completion of the search Examiner

Dreyer, Christoph

EPQ FORM 1503 03.82 (P04C01)

CATEGORY OF CITED DOCUMENTS

: theory or principle underlying the invention

X : particularly relevant if taken alone

Y : particularly relevant if combined with another
document of the same category

A : technological background

O : non-written disclosure

P :intermediate document

after the filing date
: document cited in the application

T
E : earlier patent document, but published on, or
D
L : document cited for other reasons

& : member of the same patent family, corresponding
document

15




10

15

20

25

30

35

40

45

50

55

EPO FORM P0459

ANNEX TO THE EUROPEAN SEARCH REPORT

EP 4 491 809 A1

ON EUROPEAN PATENT APPLICATION NO.

EP 24 18 8145

This annex lists the patent family members relating to the patent documents cited in the above-mentioned European search report.
The members are as contained in the European Patent Office EDP file on
The European Patent Office is in no way liable for these particulars which are merely given for the purpose of information.

13-11-2024
Patent document Publication Patent family Publication
cited in search report date member(s) date
JP 2001295813 A 26-10-2001 NONE
ov 105714872 A 29-06-2016 wowe

For more details about this annex : see Official Journal of the European Patent Office, No. 12/82

16




	bibliography
	abstract
	description
	claims
	drawings
	search report

