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(67) A hydraulic directional load-sensing flow-shar-
ing system (9), of the type comprising two independent
circuits at the sides of an intermediate summation ele-
ment (3). The two circuits are configured for connecting
to a low pressure line (T) and respective load-sensing
(LS) delivering apparatus (PA) and (PB) via respective
high pressure lines (P1) and (P2) and load-sensing signal
lines (LS1) and (LS2); each line (LS1) and (LS2) con-
nectable to a respective bleed valve (b1) and (b2). The
two circuits are connectable to respective utilities via the
connections (A1, B1, A2, B2, A3, A4, B3, B4) placed on
respective elements (E1, E2, E3, E4) of said modular
hydraulic system (9), of which (E2) and (E3) are served
by said apparatus (PA) and (PB), respectively. The in-
termediate summation element (3) can be controlled
electrically to keep (P1) and (P2), channels (ST1) and
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(ST2) coming from said elements (E1, E2) and signals
(LS1) and (LS2) separated, or keep them combined.

In a first position (I), element (3) keeps the circuits
and thereby the high pressure lines (P1) and (P2), ele-
ments (E2, E3) downstream of the relative compensators
and upstream of the return to the relative spools (ST1
and ST2) separated and independent, it also keeps lines
(LS1) and (LS2) separated; in a second position (ll), it
combines the two circuits into one, combining the high
pressure lines (P1) and (P2), and elements (E2, E3);
channels (LS1) and (LS2), connecting them to only one
of the two bleeds; in a third position (lll), it only connects
the high pressure lines (P1) and (P2), keeping lines (LS1)
and (LS2) separated; also keeping (ST1) and (ST2) of
elements (E2, E3) separated.

512 %

Printed by Jouve, 75001 PARIS (FR)



1 EP 3 076 028 A1 2

Description

[0001] The presentinvention relates to the field of hy-
draulic valve devices, in particular LS flow-sharing with
multiple working sections, for controlling two LS pumps.
Itis noted that the protection extends to all hydraulic dis-
tributors having the claimed valve device.

PRIOR ART

[0002] Load-sensing flow-sharing directional valves
with multiple sections are now part of the prior art. The
same Applicant already has patents thereof (US7182097
or EP1628018) and this prior art is the basis of the fol-
lowing innovation. However, even if it is prior art, the fea-
tures of such LS flow-sharing directional valves com-
bined with LS pumps in LS systems are summarized and
the detailed operation thereof is disclosed in US7182097
and EP1628018.

[0003] It is known that the introduction of LS systems
allows diversifying the flow rates to the single utilities,
making such flow rates independent of loads and inde-
pendent of the flows rates and pressures of the other
utilities.

[0004] Moreover, in the case of multiple actuations
causing the pump saturation (when the flow required is
greater than the maximum delivered by the pump), the
flow delivered by the pump in LS flow-sharing systems
is divided among the various utilities in proportion to the
requirement of the single spool so as to maintain the com-
bined motion.

[0005] To this end, the load-sensing flow-sharing dis-
tributors take the pressure after the spool and, once the
LS signal is initiated, they send it to a delivery compen-
sator which before the spool forces a delivery pressure
equal to the LS pressure plus afixed stand-by. This caus-
es a fixed pressure stage through the dispensing recess-
es of the spool and thereby a fixed flow rate, irrespective
of the LS pressure but only as a function of the passage
area opened by the dispensing recesses of the spool.
[0006] In the case of concurrent actuation of multiple
utilities, the distributor is provided with a system adapted
to send the highest pressure among those actuated to
the delivery compensator. To keep the load-sensing fea-
ture also in utilities with a lower pressure, a set of local
compensators is provided, one for each element.
[0007] The use of LS systems with LS variable dis-
placement pumps allows considerable energy saving
since the pump only delivers the required flow rate, i.e.
that which generates the fixed stand-by set by the pump
itself, unlike other systems in which the pump delivers all
the flow rate and that exceeding the requirement is de-
livered directly to the bleed, with a clear energy dissipa-
tion.

[0008] An example of the system described above is
shown in figure 5.

[0009] The basic system described above has some
limits which are found in the control of a machine tool.
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[0010] The main compensator, in the case of constant
or variable but non-LS displacement pumps, is inserted
at the inlet of the distributor: in this way, the latter only
sends the flow rate that generates the pressure stage
forced by the compensator itself to the utility, while it lam-
inates the excess flow rate directly to the bleed; in this
case, therefore, all the flow rate sent by the pump is de-
livered atthe pressure of the LS pressure (plus any stand-
by), also that exceeding the demand, which is then lam-
inated directly to the bleed by the compensator itself. The
dissipation of energy due to the unused flow rate due to
the working pressure is clear.

[0011] Significantenergy saving occurs when the com-
pensator is positioned on a variable displacement LS
pump; in this case, this only sends the required flow rate,
i.e. the one that generates the pressure stage forced by
the compensator itself, and consequently there is no ex-
cess flow rate, with a clear energy saving.

[0012] The fact that the LS pump only sends the re-
quired flow rate undoubtedly allows an energy saving. If,
however, multiple elements are simultaneously actuated,
the pump certainly sends all the total flow rate required,
which would be all increased to the pressure induced by
the higher load, i.e. also the flow delivered to the utilities
which would require lower pressures for operating, and
the excess pressure would be dissipated by the local
compensators of the elements with a lower load. It is
clear that the difference between the total flow rate sent
to the elements less than that sent to the utilities at a
higher pressure multiplied by the difference in pressure
between the utility with higher load and the other loads
is all a dissipation of energy.

[0013] For constructional reasons, it is not feasible to
connect to each utility to its own pump.

[0014] However, it is possible to switch to hydraulic
circuits delivered by at least two load-sensing, LS,
pumps, each of which delivering two separate groups of
utilities according to a logic dictated by the machine itself.
[0015] An example of what has just been said is de-
scribed in patent document US5211014.

[0016] The advantage of this solution is that, by oper-
ating two utilities on different groups, each flow rate will
be subject to the load pressure of its own utility (also that
with a lower load), with consequent energy saving.
[0017] Another advantage of a system having two LS
pumps is in the shifting by means of tracks.

[0018] Let's take the case of single pump and straight
traslation: the two tracks divide the flow rate delivered
(moreover, it is common that the set of the two tracks
requires the maximum flow rate than can be delivered
by the pump). If one wanted to slightly steer in speed,
the flow rate of one of the two tracks should be slightly
decreased, with the result that the pressure of a track
would tend to rise while the other to decrease. Therefore,
in the case of single pump, the entire flow rate would be
at the pressure dictated by the greater load: the torque
limiter would be triggered and the machine would slow
down sharply.
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[0019] On the contrary, in the case of dual pump with
the tracks of different pumps, only half flow rate is at high
pressure, the other is low, with the result that the torque
limiter would not be triggered and the machine would not
slow down.

[0020] Itis also true that there are some conditions of
use for which the division of the utilities into two separate
groups with two separate LS pumps has negative impli-
cations. An exampleis the one thatinvolves the activation
of a third utility when a rectilinear shifting is being carried
out. The third utility would take up a part of the flow rate
that is going to the track of its own group, with the result
that this track would slow down while the other continues
to move at the previous speed: the machine would steer,
although not required.

[0021] Suchaworking condition therefore requires that
the two groups return to be a single group delivered by
the sum of the two LS pumps.

[0022] In addition, there are utilities that, in order to
respect the timing of the machine cycle, require a higher
flow rate to a single pump, hence the need to have to
take up flow rate also from the other pump, and thus to
combine the two groups of utilities back into a single
group.

[0023] When multiple utilities are used under the same
LS pump while the other is idle, saturation could happen
with the drawback of a global slowdown. In this case, it
would be convenient to combine the pumps to also use
the flow rate of the second pump and maintain the speed.
[0024] An object of the present invention is to provide
a load-sensing and flow-sharing (i.e. antisaturation) de-
vice, a valve device with multiple working sections and
with dual pump operation logic, as part of a simple, ra-
tional and cost-effective solution.

[0025] These and other objects are achieved with the
features of the invention described in the independent
claim 1. The dependent claims describe preferred and/or
particularly advantageous aspects of the invention.
[0026] Anotherobjectof the presentinvention is to pro-
vide a load-sensing and flow-sharing device capable of
improving the limits described above.

[0027] The invention involves switching from one to
two LS pumps, both actuated by a single endothermic
motor while keeping the already known electronic man-
agement. Wherein each pump only delivers part of the
valve elements. The LS flow-sharing directional valve,
although physically still a single unit, actually divides the
elements and the corresponding utilities into two sepa-
rate groups as if they were two separate LS circuits. This
subdivision is obtained by means of an intermediate sum-
mation element having a spool 4 configured to define
three positions.

[0028] The subdivision of the utilities between the two
groups will be performed according to a logic dictated by
the machine itself.

[0029] In this way, an embodiment of the present in-
vention provides a solution which allows separating/com-
bining two groups of utilities and the relative LS pumps
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according to the working conditions. Specifically, with
said intermediate summation element, electrically con-
trolled by a CPU based on a series of inputs received by
sensors placed on the machine and/or the distributor, it
keeps the following separated, or keeps them combined,
according to some operating logics described hereinaf-
ter,

- Thetwo delivering channels of the variable displace-
ment pumps of the two circuits,

- The two channels of the LS signal from two groups
of elements that send the LS signals to the two de-
livering apparatus,

- The straight travel channels from the two elements
of the two tracks, in particular from the channels
downstream of the compensators and upstream of
the spools, through a orifice.

[0030] With this solution, i.e. the possibility of combin-
ing/separating the two pumps with a suitable element
electrically controlled as a function of inputs from the dis-
tributor itself and/or also from the rest of the machine,
the circuit can be set to the most convenient configura-
tion, both from the energy and from the functional point
of view.

[0031] Another aspect of the invention is that each of
the load-sensing channels provides a connection to re-
spective so-called bleed channels (connection with bleed
valves).

[0032] With this solution, in the positions in which the
summation element, via its spool as better described
hereinafter, separates the channels of the load-sensing
signals (LS1 and LS2), connects each LS signal to a re-
spective bleed channel, while in the position in which
signals LS1 and LS2 are combined, these are both con-
nected to only one of the bleed channels while the other
is isolated.

[0033] Said objects and advantages are all achieved
by the valve device with dual-pump operation object of
the present invention, which is characterized by the
claims below.

BRIEF DESCRIPTION OF THE FIGURES

[0034] This and other features will be more apparent
from the following description given purely by way of non-
limiting example in the accompanying drawings.

- Figure 1: shows the circuit diagram of a distributor
or load-sensing flow-sharing hydraulic valve with in-
termediate summation element of two LS pumps,

- Figure 2: shows the section of the spool of the sum-
mation element, in particular in the configuration that
provides for the separation of the pumps, of the load-
sensing signals and of the connection channels to
the utilities dedicated to "travels",

- Figure 3: shows the section of the spool of the sum-
mation element with the spool arranged so as to
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make a configuration with a complete combination
of the circuits, i.e. of the pumps, of the connection
channels with the travels and of the LS signals,

- Figure 4: shows the section of the spool of the sum-
mation element with the spool arranged so as to
make a configuration in which only the pumps are
combined without connecting the load-sensing sig-
nals.

- Figure 5: shows the prior art of an LS circuit with LS
flow sharing directional valve with single LS pump.

BACKGROUND OF THE INVENTION

[0035] As briefly mentioned above, the advantages of
an LS flow-sharing system with LS pump are commonly
known and can be summarized as follows:

* A first advantage is that the flow rate to the utility
only depends on the spool stroke (the stand-by being
set) and is independent of the load on the utility itself,

* A second advantage is that when the requirement
from the various actuated utilities exceeds the max-
imum flow rate of the pump (saturation), the reduc-
tion of the flow rates to the various utilities is propor-
tionally distributed among the utilities themselves,

e Finally, a further advantage is that the LS pump al-
lows sending only the flow rate required (which be-
comes null, except for leaks, in case of no move-
ment) with energy saving.

[0036] A limitation of using a single LS pump is that if
two utilities are actuated at different pressures, the entire
flow rate delivered (sum of the flow rates required by the
single spools) is delivered at the pressure of the utility
with the highest pressure plus the stand-by value, i.e.
also at the flow rate that actuates the utility at a lower
pressure.

[0037] Another limitation of using a single LS pump is
in the case of slight high speed steers. With a single
pump, the entire flow rate goes at the pressure of the
track with the highestload, with the subsequent interven-
tion of the torque limiter and abrupt slowdown.

[0038] Using two LS pumps, as already described in
the prior art mentioned above, allows recovering part of
the above limitations, but nevertheless, in turn has other
limitations:

- afirstlimitation might be that of a straight travel with
the actuation of a third element: the machine steers,

- asecond limitation may be linked to the request for
a higher flow rate to the single pump,

- athird limitation corresponds to the situation where
multiple utilities on the same LS pump may undergo
a saturation condition.

[0039] In all these cases, it would be convenient to
combine the two pumps as ifitwere a single pump. There-
fore, the possibility of combining/separating the two
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pumps with a suitable element electrically controlled as
afunction of inputs from the distributor itself but also from
the rest of the machine, allows setting the circuit to the
most convenient configuration, both from the energy and
from the functional point of view.

DESCRIPTION OF THE INVENTION

[0040] The circuit shown in figure 1 describes the ob-
ject of the invention. Overall, the circuit consists of two
independent circuits separated by an intermediate sum-
mation element.

[0041] Each of said circuits:

- consists of aninlet side, indicated with reference nu-
merals 1 and 2 respectively, and a series of elements
(in the figures they are indicated as E1, E2, for the
first circuit and E3, E4 for the second circuit); the
term elements refers to sections representative of
connections with a number of utilities; in this context,
element 3 serves for combining or separating said
two groups of elements;

- is delivered by the relative feeding delivering appa-
ratus PA, PB, through high pressure lines P1, P2.

[0042] The intermediate element 3 comprises a
number of components, connected to one another
through conduits, pathways and connections, capable of
connecting or separating the two groups of elements (E1,
E2) (E3, E4) with the relative side 1, 2 and delivering
apparatus PA, PB. In particular, the intermediate sum-
mation element 3 is controlled by an electric or electro-
hydraulic control in order to modify the LS circuit accord-
ing to the working conditions of the machine tool, the
latter comprising the hydraulic distributor operating ac-
cording to the circuit diagram of the subject system 9.
[0043] Itis also noted that the term elements, indicated
with E1, E2, E3, E4, in system 9 in the hydraulics jargon
refers to a number of sections which are representative
of connections with a number of utilities. However, and
for greater completeness, reference shall be made to pat-
ents US7182097 or EP1628018.

[0044] As mentioned above, E1 and E2 are arranged
between the inlet side 2 and the summation element 3,
while elements E3 and E4 are arranged between the inlet
side 1 and the summation element 3; such elements are
then connected, through utilities A1, B1, A2, B2 ..., to the
various utilities to be controlled. In particular, the two el-
ements at the sides of the summation element 3 (in the
specific example E2 and E3) will be taken as reference
as those that need to be connected to, and thus deliver,
the hydraulic motors in turn actuating the tracks to move
the machine tool.

[0045] The valve circuit, indicated with reference nu-
meral 9 and describing the operation of a hydraulic dis-
tributor, comprises:

- Two delivering channels or high pressure lines P1
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and P2, respectively connectable to two delivering
apparatus PA and PB; said apparatus PA, PB iden-
tify LS variable displacement pumps, which deliver
sides 1 and 2 respectively, and the relative down-
stream elements E1, E2, E3, E4, at high pressure.
It should be noted that the number of elements varies
depending onthe number of utilities to be connected.

- Ableed channel 7, connected to a low pressure line,
a tank T into which all bleeds flow,

- Two channels of the load-sensing signal, LS1 and
LS2, coming from the two groups of elements E1
and E2 on one side and E3 and E4 on the other side;
said channels have the function of sending the LS
signals to the two respective delivering apparatus
PAand PB, respectively, through respective connec-
tions,

- Two straight travel channels ST1 and ST2 coming
from said two elements E2, E3 connectable to the
tracks of the machine tool, on which said system 9
ordistributor is installed; in particular, channels ST1,
ST2 in the circuit in figure 1 are downstream of the
relative compensators (of the indicated elements)
and upstream of the return to the relative spools (of
the indicated elements),

- a suitable orifice 8 on one of channels ST1, ST2.

[0046] The summation/separation element 3 is ar-
ranged between elements E1, E2, and E3, E4.

[0047] In detail, the flow rate delivered by the PB pump
feeds, through the high-pressure line P1, the inlet side
1,then elements E3 and E4 up to the summation element
3. Vice versa, the LS signal coming from elements E3
and E4 reaches the PB pump through the LS2 connec-
tion.

[0048] The flow rate delivered by the PB pump feeds,
through P2, the inlet side 2, then elements E1 and E2 up
to the summation element 3. Vice versa, the LS signal
coming from elements E1 and E2 reaches the PA pump
through the LS1 connection.

[0049] The bleed of all elements and all valves is in-
stead combined into channel T, which is then connected
to the tank.

[0050] The summation/separation element 3 compris-
es at least one spool 4 whose movement, due to a pro-
portional electro-hydraulic version controlled by a CPU
based on the inputs from the various sensors already
mentioned above, allows opening/closing connections
between elements E1 and E2 and elements E3 and E4.
[0051] In detail, spool 4 has three positions and con-
necting channels; controlled by a proportional electro-
hydraulic version, allows connecting or separating chan-
nels P1 and P2, channels ST1 and ST2 and signals LS1
and LS2 to/from each other.

[0052] Moreover, in the positions of spool 4 in which
LS1 and LS2 are separated, the spool itself connects
LS1 to its own bleed channel b1 and LS2 to its own bleed
channel b2 separate from each other. In the position in
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which LS1 and LS2 are connected, these are both con-
nected to only one of the 2 bleeds while the other is iso-
lated; in this way, the energy dissipation is conveniently
reduced due to the cancellation of the flow rate bled from
the relative isolated valve.

[0053] The circuit thus formed, due to the presence of
spool 4 of the summation element 3, fits itself to work
according to a logic dictated by the working conditions
of one and/or both circuits, by the loads required and by
the pressures in the circuits.

POSSIBLE INTERVENTION LOGICS OF THE SUMMA.-
TION ELEMENT (3)

[0054] Ifonly elements E2, E3 are actuated (which cor-
respond to the two tracks and must be placed each in a
different group with the relative pumps PA and PB), the
channels for the two groups must remain separated to
the benefit of the shift, especially in steering. Therefore,
the summation element must be placed in the first posi-
tion | in Fig. 1 corresponding to the section in Fig. 2.
[0055] If the two tracks (which usually together require
the whole flow rate delivered by the two pumps) plus a
third utility are actuated, the two circuits with the relative
pumps PA and PB must be combined in a single distrib-
utor, obtaining the complete union of the circuit, i.e. of
the pump deliveries, of the connection channels between
travels ST1 and ST2 and of the LS signals. This is be-
cause otherwise, the feeding rate of the third utility actu-
ated would be subtracted only to one of the two elements
E2, E3, causing an undesired steering of the excavator.
Therefore, the summation element (3) must be placed in
the second position Il in Fig. 3.

[0056] In order to manage such a logic, it is necessary
to be able to detect the actuation of the two travel ele-
ments and detect the actuation of any third section. The
signals are then managed by a control unit, CPU proc-
essor, which in turn take action on the summation ele-
ment 3.

[0057] Provided that the first non-avoidable logic is
dominant, the process can move on to a second level,
as described hereinafter.

[0058] Ifthe flow rate required by each of the two single
groups is less than the value which causes the saturation
of the pump, it is convenient that the two groups remain
separated so that each group works at its pressure. Oth-
erwise, the full flow rate of the lower pressure group would
rise to the pressure of the other group. Therefore, the
summation element (3) mustbe placed in the first position
I

[0059] Ifthe flow rate required by each of the two single
groups is close to or higher than the value which causes
the saturation of the pump, it is convenient that the two
groups remain separated so that each group works at its
pressure. In fact, the combination would not create ad-
vantages of speed, since the two pumps are already al-
most to the maximum, on the contrary there would be
the drawback of bringing both flow rates to the higher
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pressure, with the risk of triggering the torque limiter.
Therefore, the summation element (3) must be placed in
the first position I.

[0060] The combination of the two groups has advan-
tages when only one of the two groups is in saturation
while the other requires little flow rate to its own pump,
so as to exploit the capacity of the pump with low flow
rate demand for feeding the group in saturation.

[0061] However, the logic should be differentiated into
two cases depending on the pressures involved.

[0062] If the group in saturation has a pressure lower
than that with a low flow rate (or not actuated). In this
situation, only deliveries P1 and P2 of the pumps should
be connected, but the load-sensing signals LS1 and LS2
should not. Due to natural lamination, this causes the
flow rate passage from the high pressure group towards
thatin saturation and at a low pressure. However, without
connecting the load-sensing signals LS1 and LS2, the
pressure ofthe group in saturation keeps its low pressure,
thus without the risk of switching to torque limitation and
unnecessarily increasing the dissipated energy.

[0063] Therefore, the summation element (3) must
proportionally move towards the third position in Fig. 1,
corresponding to the section in Fig. 4.

[0064] The proportionality of the control of spool 4 al-
lows laminating, through the recesses of spool 4, the cor-
rect flow rate required by the group in saturation to come
out of the saturation itself.

[0065] Ifthe groupin saturationis that at high pressure,
while the low pressure one requires little flow rate, the
logic described above would not work. In such a situation,
the summation element 3 connects the two groups, as
shown in the second position Il. In other words, channels
P1, P2 are connected, as are those of signals LS1, LS2.
In doing so, the missing flow rate is provided to the group
in saturation. The downside is that the pressure of the
flow rate required by the other group is unnecessarily
increased, although it has been defined as being little.
[0066] In order to manage such a logic, it is necessary
to be able to detect the required flow rates, preferably by
detecting the angle of the plate of the two pumps and the
delivery pressure of the same two pumps.

[0067] The circuit example in figure 1 and the relative
positions of spool 4 indicated in Figures 2, 3, 4 are ex-
emplary and non-limiting. That is to say, they may be
exchanged without affecting the indicated operation logic
and the control will take action to position the spool in
the proper configuration.

[0068] In practice, a hydraulic directional load-sensing
flow-sharing system (9) is claimed, of the type comprising
two independent circuits at the sides of an intermediate
summation element (3).

a. said two independent circuits being configured for
connecting to a low pressure line (T) and respective
load-sensing (LS) feeding apparatus (PA) and (PB)
via respective high pressure lines (P1) and (P2) and
load-sensing signal lines (LS1) and (LS2); each line
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(LS1) and (LS2) connectable to a respective bleed
valve (b1) and (b2);

b. said two independent circuits connectable to re-
spective utilities via the connections (A1, A2, B1, B2,
...) placed on respective elements (E1, E2, ..., En)
of said modular hydraulic system (9), and wherein
(E2) and (E3) are two independent elements of the
hydraulic system (9) served by said apparatus (PA)
and (PB), respectively;

c. said intermediate summation element 3 is electri-
cally controlled in order to keep the two independent
circuits and the relative feeding apparatus PA, PB
separates or combined;

[0069] More in detail, the intermediate summation el-
ement 3 comprises a spool 4 having at least three posi-
tions/configurations I, II, Il of which:

a. Afirst position | keeps the circuits and thereby the
high-pressure lines P1 and P2 and the connection
channels ST1 and ST2 of elements E2, E3, separat-
ed and independent, in particular downstream of the
relative compensators and upstream of the return to
the relative spools, it also keeps lines LS1 and LS2
separated, connecting each of said channels LS1,
LS2toits own bleed (b1) and bleed (b2) valve, acting
as two distinct anti-saturation LS directional valves,
eachwithitsown LS pump and common only in bleed
T,

b. A second position Il keeps the high pressure lines
P1 and P2 and the connection channels ST1, ST2
of elements E2, E3 separated; channels LS1 and
LS2, connecting them to a single bleed and isolating
the other, work as a single anti-saturation LS direc-
tional valve delivered by the sum of the 2 LS pumps,
c. A third position Il only connects the high pressure
lines P1 and P2 and keeps the channels of signals
LS1 and LS2 separated and each connected to its
own bleed valve b1 and b2; also keeping channels
ST1, ST2 separated; in said condition, the valve acts
as two distinct anti-saturation LS directional valves,
each with its own LS pump, allowing some of the
flow rate to pass from the highest pressure group to
the lowest pressure one by pressure drop, adjusting
such a flow rate by varying the opening of the pas-
sage opened by spool 4 by proportional control.

[0070] The proportional passage between the three
positions is carried out through an electric/electro-hy-
draulic proportional control managed by a CPU as a func-
tion of inputs detected on the machine and/or on the dis-
tributor by means of suitable sensors, as described in
the document.

[0071] The positions of spool are reversible and can
be combined in different solutions. System 9 described
is a valve body consisting of multiple sections, each serv-
ing multiple utilities and is also known by the term hy-
draulic distributor.
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[0072] In brief:

* In case of single shifting of the machine or if both
groups are not in saturation, the proportional electro-
hydraulic version of the summation element 3 keeps
spool 4 in position I. In this position, the delivery
channels P1 and P2 are isolated as signals LS1 and
LS2. In practice, the group formed by pump PB, the
inlet side 2, elements E1 and E2 and the group
formed by pump PA, the inlet side 1, elements E3
and E4, are separated from one another, forming 2
independent LS systems. Channel LS1 is only con-
nected to its own bleed valve b1, and channel LS2
is only connected to its own bleed valve b2. Moreo-
ver, the straight travel is ensured by the fact that
element E2 is delivered by its own pump PB and
element E3 is delivered by its own pump PA and that
these are separate. Forthisreason, the two channels
ST1 and ST2, whose functionality has been de-
scribed above, are isolated from each other.

* In the case of actuation of the two travels of the ma-
chine tool, connected to said elements E2, E3, plus
a third section or in case one of the two groups is in
saturation and has a pressure higher than the other
group not in saturation, the electro-hydraulic version
moves spool 4 of the summation element 3 to pos.
II. In this position, the delivery channels P1, P2 are
connected to each other, like signals LS1, LS2. In
practice, it becomes a single LS system consisting
of a single LS pump formed by PA plus PB which
feeds a single directional valve formed by the two
sides 1 and 2 and by elements E1, E2, E3 and E4.
Having combined channels LS1 and LS2, a single
bleed valve is sufficient to prevent trapping pressure
in the combined channel LS1-LS2. For this reason,
spool 4 in pos. ll isolates the bleed valve b1, keeping
the combined channel LS1-LS2 connected only to
bleed valve b2, thus reducing the dissipated flow the
loss of which is concentrated at the expense of a
single utility, the one with the higher load. Finally,
the rectilinear pattern being ensured by the ability of
the directional valve to evenly divide the flow rate of
the single pump PA+PB between the two elements
E2 and E3, it is necessary to connect the channels
downstream of the compensator of the two elements
which actuate the travels by connecting ST1and ST2
to each other.

e If one of the two groups is in saturation and has a
lower pressure than the other group not in saturation,
the proportional electro-hydraulic version propor-
tionally moves spool 4 of the summation element 3
in the direction of POS. Ill. In so doing, it opens a
passage between P1 and P2 whose area increases
asthetravelincreases. Inthis position, channels LS1
and LS2 remain isolated so that the two groups con-
tinue to behave as two separate LS systems, each
working at its own pressure. The connection be-
tween P1 and P2 through a suitable control area cre-

10

15

20

25

30

35

40

45

50

55

ated by spool 4 in the summation element 3 allows
part of the flow rate of the pump not in saturation but
atahigher pressure tofeed, by simple pressure drop,
the group in saturation but at a lower pressure. The
value of this such a flow rate will depend on the dif-
ference of pressures between the two groups and
on the opening of the passage between P1 and P2
as afunction of the travel of spool 4 of the summation
element 3. Such a travel will be set by the CPU as
a function of the various inputs coming in particular
from the angular sensors of the oscillating plates of
the LS pumps PA and PB and of the pressures of
deliveries P1 and P2.

[0073] Since channels LS1 and LS2 are isolated from
each other, each must keep the connection with its own
bleed valve b1 and b2.

[0074] In case of actuation of the travels, the CPU only
allows pos. | or Il. Position Il is inhibited, thus channels
ST1 and ST2 are kept isolated.

[0075] Therefore, the summation element 3 comprises
a number of components, connected to one another
through conduits, pathways and connections, capable of
connecting or separating the two groups of elements with
the relative side and LS pump.

[0076] The valve circuit describing a hydraulic distrib-
utor comprises:

- Two feeding channels P1 and P2, respectively con-
nected to the two variable displacement LS pumps
PA and PB, which respectively feed the sides, iden-
tified by reference numerals 1 and 2, and the relative
elements E1, E2, E3, E4 downstream at a high pres-
sure. It should be noted that the number of elements
varies depending on the number of utilities to be con-
nected.

- Ableedchannel T, connected to alow pressure tank,
into which all bleeds flow,

- Two channels of the load-sensing signal, LS1 and
LS2, coming from the two groups of elements E1
and E2 on one side and E3 and E4 on the other side;
said channels have the function of sending the LS
signals to the two respective feeding apparatus PA
and PB,

- Two straight travel channels ST1 and ST2 coming
from the two elements E2, E3, which feed the two
tracks of the machine tool (on which the distributor
is installed), in particular, from the channels that in
the circuit in figure 1 are downstream of the relative
compensators,

- asuitable orifice 8 on one of channels ST1 ST2.

[0077] The summation element 3 is arranged between
elements E1, E2, and E3, E4.

[0078] The summation element 3 comprises at least
one spool 4 having three positions with connecting chan-
nels; it is further controlled by a proportional electro-hy-
draulic version which allows connecting or separating
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channels P1 and P2, channels ST1 and ST2 and signals
LS1 and LS2 to/from each other.

[0079] Moreover, in the positions of spool 4 in which
LS1 and LS2 are separated, the spool itself connects
LS1 to its own bleed valve b1 and LS2 to its own bleed
valve b2, separate from each other. In the position in
which LS1 and LS2 are connected, these are both con-
nected to only one of the 2 bleeds while the other is iso-
lated; in this way, the energy dissipation is conveniently
reduced due to the cancellation of the flow rate bled from
the relative isolated bleed valve.

[0080] A further case is that in which the flow rate re-
quired by each of the two single groups is close to or
higher than the value which causes the saturation of the
pump. In this case, it is convenient that the two groups
remain separated so that each group works at its pres-
sure. In fact, the combination would not create advan-
tages of speed, since the two pumps are already almost
to the maximum, on the contrary there would be the draw-
back of bringing both flow rates to the higher pressure,
with the risk of triggering the torque limiter and conse-
quently reducing the machine speed rather than increas-
ing it. Therefore, spool 4 of the summation element 3 is
kept in position .

Claims

1. A hydraulic directional load-sensing flow-sharing
system (9), of the type comprising two independent
circuits at the sides of an intermediate summation
element (3);

a. said two independent circuits being config-
ured for connecting to a low pressure line (T)
and respective load-sensing (LS) feeding appa-
ratus (PA) and (PB) via respective high pressure
lines (P1) and (P2) and load-sensing signal lines
(LS1) and (LS2); each line (LS1) and (LS2) con-
nectable to a respective bleed valve (b1) and
(b2);

b. said two independent circuits connectable to
respective utilities via the connections (A1, B1,
A2, B2, A3, A4, B3, B4) placed on respective
elements (E1, E2, E3, E4) of said modular hy-
draulic system (9), of which (E2) and (E3) are
served by said apparatus (PA) and (PB), respec-
tively;

c. said intermediate summation element (3) can
be controlled electrically to keep (P1) and (P2),
channels (ST1) and (ST2) coming from said el-
ements (E1, E2) and signals (LS1) and (LS2)
separated, or keep them combined;

the system (9) characterized in that said interme-
diate summation element (3) comprises a spool (4)
having at least three positions/configurations (I, I,
I1l) of which:
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a. afirst position (1) keeps the circuits separated
and independent, in particular the high pressure
lines (P1) and (P2), channels ST1 and ST2
downstream of the relative compensators and
upstream of the return to the relative spools of
elements E2, E3, it also keeps lines (LS1) and
(LS2) separated,

b. A second position (Il) combines the two cir-
cuits into one, combining the high pressure lines
(P1) and (P2), channels ST1 and ST2 of ele-
ments (E2, E3); channels (LS1) and (LS2), con-
necting them to only one of the two bleeds,

c. A third position (lll) only connects the high
pressure lines (P1) and (P2), keepinglines (LS1)
and (LS2) separated; also keeping (ST1) and
(ST2) of elements (E2, E3) separated.

System (9), according to claim 1, characterized in
that the proportional passage between the three po-
sitions (I, I, 1ll) is managed by a proportional elec-
tric/electro-hydraulic drive controlled by a CPU ac-
cording to inputs detected by sensors.

System (9), according to claim 1, characterized in
that the positions of the spool (4) are reversible and
can be combined in different solutions.

System (9), according to claim 1, characterized in
that said third position (lll) is activated when the in-
dependent circuit into saturation is the low pressure
one.
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