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DESCRIPTION

[0001] The present invention relates to a device for supplying and modifying a cylinder cubic
capacity of a hydraulic motor.

[0002] Different types of hydraulic motors with variable cubic capacity, of rotary or piston type,
are currently available. The possibility to modify their cubic capacity enables these motors to
modify their rotation speed while keeping the supply flow rate constant.

[0003] When the cubic capacity Is Increased, the motor increases the delivered torque,
reducing the rotation speed. Vice versa, a reduction in cubic capacity implies an increase of the
rotation speed and a reduction of the delivered torque.

[0004] An example of the use of a hydraulic motor with a variable cubic capacity Is the
activation of a winch for lifting or pulling a load. In the absence of a load, or for low loads, the
cubic capacity of the motor can be reduced and the rotation speed increased, thus increasing
the rotation speed of the winch. As the load Increases, it Is possible to increase the cubic
capacity so as to have greater torque.

[0005] Motors with variable cubic capacity currently available are activated and controlled
through devices that comprise a first conduit, for supplying and discharging an operating fluid
to a side of the hydraulic motor, and a second conduit, for supplying and discharging the
operating fluid to the opposite side of the motor. The supply to the first or to the second conduit
activates the motor in one rotation direction or in the opposite direction. An actuator is provided
for modifying a cubic capacity of the motor. Such an actuator is normally of the oil dynamic
type, e.g. a piston. An Increase conduit for increasing the cubic capacity of the motor iIs
connected to the actuator for supplying operating fluid to a side of the actuator which produces
an increase of the cubic capacity of the motor. A reduction conduit for reducing the cubic
capacity of the motor is connected to the actuator for supplying operating fluid to the opposite
side of the actuator, which produces a reduction of the cubic capacity of the motor.

[0006] The cubic capacity modification of the motor can therefore be commanded by supplying
the Increase conduit or the reduction conduit with the operating fluid.

[0007] In current devices, the cubic capacity increase or reduction command is sent manually
by an operator. In substance, based on their experience, the operator adjusts the cubic
capacity of the motor In relation to the load to be moved. This implies that often the motor does
not work under the best possible conditions, as the assessment of the load by the operator
cannot be absolutely precise, with the exception of some Ilimit situations, e.g. movement
without a load, for which the minimum cubic capacity I1s used In order to have the maximum
rotation speed, or movement with maximum load, for which the maximum cubic capacity Is
used.
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[0008] Document US 6 371 447 B1 discloses a device for supplying and modifying a cylinder
cubic capacity of a hydraulic motor according to the preamble of claim 1.

[0009] The aim of the present invention is to offer a device for supplying and modifying the
cubic capacity of a hydraulic motor that makes 1t possible to overcome the Iimits of currently
avallable devices.

[0010] The main advantage of the device according to the present invention is that it allows the
automatic adjustment of the cubic capacity of the motor, 1.e. without requiring the intervention
of an operator, based on the size of the load to which the motor is subjected.

[0011] Further features and advantages of the present invention will become more apparent in
the following detailed description of an embodiment of the present invention, illustrated by way
of non-limiting example in the attached figures, in which:

o flgure 1 shows a schematic view of the device In a first operating configuration of
Increased cubic capacity;

o figure 2 shows a schematic view of the device In a second operating configuration of
reduced cubic capacity;

e figure 3 shows a schematic view of the device, In a rest configuration or in the absence
of any command.

[0012] In the embodiment shown, the device according to the present invention Is used for
supplying and modifying the cubic capacity of a hydraulic motor (M) of the rotary or piston type,
with a variable cubic capacity. The device could however be used for motors of another type.

[0013] By way of example, the motor (M), In turn, may be used for commanding a lifting winch
(W). In a known way, the winch (W) comprises at least one winding drum onto which a rope Is
wound. The drum can rotate in the two rotation directions for winding and unwinding a rope
between a maximum winding condition and a maximum unwinding condition.

[0014] The device according to the present invention comprises a first conduit (1), for
supplying and discharging an operating fluid to a first side of the motor (M), and a second
conduit (2) for supplying and discharging an operating fluid to a second side of the hydraulic

motor (M).

[0015] In the example shown, the supply of operating fluid to the first side of the motor (M),
through the first conduit (1), produces the rotation in one direction of the motor (M), e.g. a
rotation that produces the winding of the winch and the pulling of the load associated therewith.
During the supply to the first side of the motor (M), the operating fluid Is discharged through
the second side of the motor (M) and through the second conduit (2). Vice versa, the supply of
operating fluid to the second side of the motor (M), through the second conduit (2), produces
the rotation of the motor (M) In the opposite direction, e.g. a rotation that produces the
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unwinding of the winch and the release of the load associated therewith.

[0016] A distributor I1s connected to the first conduit (1) and to the second conduit (2) for
adjusting by command the supply and discharge of the operating fluid coming from one pump
to one or another of the conduits (1,2), in a known way In the sector. The distributor is known
In the sector and will therefore not be described in further detalil.

[0017] The device according to the present invention further comprises an actuator (3),
provided to modify the cubic capacity of the motor (M). In substance, the actuator (3) Is
mechanically connected to a movable part of the motor (M) which, by moving, modifies the
cubic capacity of the motor (M). Various types of actuators (3) and motors (M) with variable
cubic capacity are known to a person skilled in the art and therefore will not be described In
further detall, since the device according to the present invention can be used in any case.

[0018] An Increase conduit (31) for increasing the cubic capacity of the motor (M) Is connected
to the actuator (3). Such Increase conduit (31) 1s provided for supplying operating fluid to a
side of the actuator (3) which produces an increase of the cubic capacity of the motor (M). In
the example shown, the actuator (3) 1s In the form of a cylinder, and the increase conduit (31)
IS connected to the shaft side of the actuator (3). A reduction conduit (32) for reducing the
cubic capacity of the motor (M) Is also connected to the actuator (3). Such reduction condult is
provided for supplying operating fluid to the opposite side of the actuator (3) which produces a
reduction of the cubic capacity of the motor (M). In the example shown, the reduction conduit
(32) 1s connected to the bottom side of the actuator (3).

[0019] Unlike the devices currently available, the device according to the present invention
comprises a first piloting conduit (41), connected to a bistable valve (5) which is connected at
the inlet to the first conduit (1) and to the second conduit (2). The first piloting conduit (41) Is
connected to the outlet of the bistable valve (5).

[0020] As known In the sector, the bistable valve (5) 1s provided with a floating element able to
move between the outlet openings of the first conduit (1) and of the second conduit (2) due to
the effect of the thrust produced by the operating fluid. In the event that the supply of operating
fluid takes place through the first conduit (1), the floating element is pushed towards the outlet
of the second condult (2), causing the closure thereof. Vice versa, In the event that the supply
of operating fluid takes place through the second conduit (2), the floating element is pushed
towards the outlet of the first conduit (1), causing the closure thereof. In both cases, the
piloting conduit (41) is supplied with the operating fluid.

[0021] The first piloting conduit (41) I1s connected, at the outlet, to a first valve (6), whose
characteristics and function will be described below.

[0022] The device according to the present invention comprises a third conduit (11), connected
at the inlet to the first conduit (1) and at the outlet to a union (12). Preferably, the third conduit
(11) I1s provided with a non-return valve that only allows the flow from the first conduit (1)
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towards the union (12).

[0023] A fourth conduit (21) Is also connected at the Inlet to the second conduit (2) and at the
outlet to the union (12). Preferably, also the fourth conduit (21) 1s provided with a non-return
valve that only allows the flow from the second conduit (2) to the union (12).

[0024] In turn, the union (12) I1s connected to the Iincrease conduit (31); for producing, under
certain conditions, the increase of cubic capacity of the motor (M). In substance, under certain
conditions the operating fluid coming from the first conduit (1) or from the second conduit (2),
through the union (12), is supplied to the increase conduit (31) and causes the displacement of
the actuator (3) which commands the increase of cubic capacity of the motor (M).

[0025] For that purpose, the device according to the present invention comprises a first valve
(6) and a second valve (7), connected to each other through a channel (C).

[0026] The first valve (6) can take a first operating position, in which it sets the union (12) In
communication with the second valve (7) (figures 1 and 2), and a second operating position, In
which 1t occludes the union (12) (figure 3). The first piloting conduit (41) is connected to the
first valve (6) so as to displace it from the second position towards the first position. In
substance, the first valve (6) I1s provided with a movable shutter, with three ways and two
positions, which is piloted from the second position towards the first position by the pressure
exerted by the operating fluid present in the first piloting conduit (41). An elastic means, e.g. a
spring, pushes the first valve (6) from the first position towards the second position. The elastic

means or spring can be calibrated, 1.e. It Is possible to adjust the thrust exerted to a desired
calibration value. Thanks to the connection to the first piloting conduit (41), the sending of

operating fluid to the first conduit (1) or to the second conduit (2), following a command for the

winding or unwinding of the winch (W), causes the displacement of the first valve (6) into the
first operating position, that can be seen in figures 1 and 2.

[0027] In turn, the second valve (7) can take a first operating position, in which it occludes the
union (12) (figure 1), or it occludes the channel (C), and a second operating position (figure 2),
In which it sets the union (12) in communication with the reduction conduit (32). In the second
operating position of the second valve (7), the operating fluid, coming from the union (12), Is
supplied to the reduction conduit (32), passing through the first valve (6), the channel (C) and
the second valve (7).

[0028] A second piloting conduit (42) is connected to the union (12) and to the second valve
(/) so as to displace the second valve from the second operating position to the first operating
position. In substance, the second valve (7) Is provided with a movable shutter, with three ways
and two positions, which i1s piloted from the second position towards the first position by the
pressure exerted by the operating fluid present in the second piloting conduit (42). An elastic
means, e.g. a spring, pushes the second valve (7) from the first position towards the second
position. Also In this case, the elastic means or spring can be calibrated, 1.e. it Is possible to
adjust the thrust exerted to a desired calibration value. In particular, the calibration value of the
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second valve (7) I1s greater than the calibration value of the first valve (6), as the second valve
(/) has to move Into its first operating position due to a greater pressure with respect to the
pressure that activates the first valve (6).

[0029] The operation of the device Is as follows.

[0030] As the Initial configuration, the one shown In figure 3 can be considered, which
llustrates the device In the absence of any command.

[0031] In the event that a winding command of the winch (W) Is sent, the pressurised fluid Is
transmitted to the first conduit (1). The bistable valve (5) sets the first conduit (1) In
communication with the first piloting conduit (41) which in turn receives the pressurised fluid.
Due to the effect of the pressure In the first piloting conduit (41), the first valve (6) moves into
its first operating position (figure 1). The operating fluid, through the third conduit (11), is also
supplied to the union (12) and to the second piloting conduit (42). In the event of a particularly
high load on the winch, the pressure inside the first conduit (1) 1s also high, just like the
pressure Inside the second piloting conduit (42), apart from any throtting or pressure
reductions. If the thrust exerted by the pressure inside the second piloting conduit (42)
exceeds the calibration value of the second valve (7), the second valve (7) is brought into the
first operating position (figure 1), occluding the channel (C) and the union (12). In such
conditions, the operating fluid present in the third conduit (11) Is supplied to the Increase
conduit (31) of the actuator (3), which therefore causes an increase of the cubic capacity of the
motor (M). The fluid present In the actuator (3) at the cubic capacity reduction side Is
discharged through the reduction conduit (32). For that purpose, the second valve (/) In the
first position, sets the reduction conduit (32) in connection with a discharge conduit.

[0032] If the pressure Inside the first conduit (1) 1s reduced, due to the effect of the reduction
of the load at the winch (W), the pressure in the second piloting conduit (42) is also reduced. If
the pressure In the second piloting conduit (42) drops below the calibration value of the second
valve (7), the latter is brought into the second operating position, illustrated in figure 2, in which
it sets the union (12) in communication with the reduction conduit (32), through the first valve
(6) and the channel (C). In such conditions the operating fluid is supplied to the reduction side
of the actuator (3), so as to cause a reduction of the cubic capacity of the motor (M).

[0033] In the event of an unwinding command of the winch (W), the operation Is the same as
that described above, with the difference that the operating fluid 1s supplied from the second
conduit (2) to the first piloting conduit (41) through the bistable valve (5), and with the
difference that the operating fluid i1s supplied to the union (12) through the fourth conduit (21).

[0034] Figures 1 and 2 show respectively a maximum load and maximum cubic capacity
condition of the motor (M) and a minimum load and minimum cubic capacity condition of the
motor (M). The first and the second valve (6,7) comprise proportional shutters, 1.e. shutters
that let through a flow rate of oil proportional to the displacement reached from the closed
position. This makes the adjustment of the cubic capacity continuous for all the intermediate
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load values. Furthermore, the adjustment of the cubic capacity Is gradual, to prevent any jolts
to the load even In the presence of pressure peaks.

[0035] It 1s further noted that Iin the Initial configuration of figure 3 the cubic capacity Is
preferable maximum, particularly for safety reasons. In fact, if the motor (M) 1s at maximum
cubic capacity and the winch (W) starts to be supplied with a load hanging, it is substantially
certain that the winch will be able to support it. On the contrary, If the winch Is activated with the
maximum load hanging starting from a minimum cubic capacity, the load would descend in a
dangerous manner during the transition towards the maximum cubic capacity.

[0036] In the embodiment shown, the bistable valve (5) Is connected to the first piloting conduit
(41) through a conduit (51) which, advantageously, can be used to send the pressurised fluid
to a safety brake (B) that acts on the winch (W). In a known way to a person skilled in the art,
the brake (B) Is activated by an actuator (L) which, through an elastic means, keeps the brake
In the closed and locked position of the winch. The actuator (L) is activated in the open position
of the brake (B) by means of the operating fluid coming from the first conduit (1) or from the
second conduit (2) through the bistable valve (5). Preferably, the conduit (51) connecting the
bistable valve (5) to the first piloting conduit (41) Is provided with a pressure reduction valve
(52), so as to adjust the pressure to a desired value.

[0037] The first conduit (1) may be provided with a load balancing and support valve (15). In a
known way, such balancing valve (15) allows the free passage of fluid, through a one-
directional passage, towards the motor (M), and In particular towards the first side or the
winding side of the motor (M), which causes the winding of the winch (W). In the absence of
any command, the balancing valve (15) remains closed, contributing to preventing the
unwinding of the winch (W) due to the effect of the load. In the presence of an unwinding
command of the winch, the balancing valve (15) i1s piloted to open by the operating fluid
supplied to the second conduit (2).

[0038] The device according to the present invention may also be provided with two limit
switches (91,92). Both the switches comprise a two-way and two-position valve, held in the
open position by an elastic means. Such valve is also connected to a mechanical element that
IS activated when the winch (W) nears a Iimit position. A first switch (91) i1s located along the
first conduit (1) and is activated to close when the winch (W) nears the maximum winding
position. A second switch (92) i1s located along the second conduit (2) and Is activated to close
when the winch (W) nears the maximum unwinding position. In particular, the second switch
(92) 1s connected to the second conduit (2) through a first line (2a). A second line (2b)
connects the second switch to the bistable valve (5). In this way, when the operating fluid Is
supplied to the second conduit (2) and the winch 1s not proximal to the Iimit detected by the
second switch (92), the latter is In the open position and the operating fluid, through the
second line (2b), reaches the bistable valve (5) and, through the conduit (51), the first piloting
conduit and the actuator (L) of the brake (B). VWhen the winch reaches the limit detected by the
second switch (92), the latter i1s brought into the closed position and the operating fluid no
longer reaches the bistable valve (5). In such conditions, the balancing valve (15), which iIs
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piloted to open by the pressure present in the second line (2b), through a connection (1c),
closes, so that the operating fluid can no longer be discharged from the motor (M), which is,
consequently, locked. Furthermore, the actuator (L) of the brake (B) no longer receives fluid
from the bistable valve (5), so that the brake takes the active position and contributes to
locking the winch (W).
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Patentkrav

1. Indretning til forsyning og modificering af et cylinderslagvolumen af en
hydraulikmotor, omfattende: en fgrste ledning (1) til forsyning og udtemning af et
driftsfluid til en fgrste side af hydraulikmotoren (M); en anden ledning (2) til
forsyning og udtemning af et driftsfluid til en anden side af hydraulikmotoren (M);
en aktuator (3), der er egnet til at modificere et slagvolumen af motoren (M); en
forggelsesledning (31) til at forgge slagvolumenet af motoren (M), forbundet til
aktuatoren (3) for at forsyne driftsfluid til en side af aktuatoren (3), som
genererer en forggelse af motorens (M) slagvolumen; en reduktionsledning (32)
til at reducere slagvolumenet af motoren (M), forbundet til aktuatoren (3) for at
forsyne driftsfluid til en side af aktuatoren (3), som genererer en reduktion af
slagvolumenet af motoren (M);

en fgrste styreledning (41); kendetegnet ved, at den omfatter en bistabil ventil
(5), forbundet ved indlgbet til den fgrste ledning (1) og til den anden ledning (2)
og ved udlgbet til den fgrste styreledning (41);

den omfatter en tredje ledning (11), forbundet ved indlgbet til den fgrste ledning
(1) og ved udlgbet til et forbindelsesstykke (12);

den omfatter en fjerde ledning (21), forbundet ved indlgbet til den anden ledning
(2) og ved udlgbet til forbindelsesstykket (12);

forbindelsesstykket (12) er forbundet til forggelsesledningen (31);

den omfatter en fgrste ventil (6) og en anden ventil (7), forbundet med hinanden;
den fgrste ventil (6) kan tage en fgrste driftsposition, i hvilken den bringer
forbindelsesstykket (12) i forbindelse med den anden ventil (7), og en anden
driftsposition, i hvilken den lukker for forbindelsesstykket (12), hvor den fgrste
styreledning (41) er forbundet til den fgrste ventil (6) for at forskyde den fra den
anden position i retning af den fgrste position;

den anden ventil (7) kan tage en fgrste driftsposition, i hvilken den lukker for
forbindelsesstykket (12), og en anden driftsposition, i hvilken den bringer
forbindelsesstykket (12) i forbindelse med reduktionsledningen (32), hvor en
anden styreledning (42) er forbundet til forbindelsesstykket (12) og den anden
ventil (7) for at forskyde den anden ventil (7) fra den anden driftsposition til den

forste driftsposition.
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2

2. Indretning ifglge krav 1, omfattende en sikkerhedsbremse (B), som normalt er
aktiv og kan deaktiveres ved aktivering af en aktuator (L), hvor den bistabile
ventil (5) er forbundet til den fgrste styreledning (41) via en ledning (51), som

ogsa er forbundet til aktuatoren (L) for at deaktivere sikkerhedsbremsen (B).

3. Indretning ifglge krav 2, hvor ledningen (51), som forbinder den bistabile ventil

(5) til den fgrste styreledning (41), er forsynet med en trykreduktionsventil (52).

4. Indretning ifglge krav 1, hvor den fgrste ledning (1) omfatter en

belastningsudlignings- og stotteventil (15).

5. Indretning ifglge krav 1, omfattende to endeafbrydere (91, 92), hvor en fgrste
afbryder (91) er placeret langs den fgrste ledning (1) og er indrettet til at kunne
aktiveres til at lukke, nar spillet (W) naermer sig en maksimal opviklingsposition,
og hvor den anden afbryder (92) er placeret langs den anden ledning (2) og er
indrettet til at kunne aktiveres til at lukke, nar spillet (W) naermer sig en

maksimal afviklingsposition.
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