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DESCRIPTION

TECHNICAL FIELD

[0001] Embodiments of the present invention relate to a valve and a hydraulic system with the
same.

[0002] A valve according to the preamble of claim 1 is known, for example, from WO
2007/090522 A1, DE 26 49 775 A1 or DE 30 14 202 A1.

BACKGROUND

[0003] Generally, a conventional counterbalance valve is disposed in a hydraulic system as a
separate valve.

SUMMARY

[0004] An object of embodiments of the present invention is to provide a valve in which a
counterbalance valve is integrated.

[0005] This object is solved with a valve according to claim 1.

[0006] According to the embodiments of the present invention, the counterbalance valve is
integrated in the valve.

[0007] Embodiments of the present invention further provide a hydraulic system comprising:
the valve.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008]

FIG. 1 is a schematic sectional view of a valve in a state where a main valve spool is in a
middle main valve spool position according to an embodiment of the present invention, which is
taken along a first axial section of the valve;

FIG. 2 is a schematic sectional view of the valve in the state where the main valve spool is in
the middle main valve spool position according to the embodiment of the present invention,
which is taken along a second axial section of the valve rotated through about 45 degrees
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relative to the first axial section around an axis of the valve;

FIG. 3 is a schematic sectional view of the valve in the state where the main valve spool is in
the middle main valve spool position according to the embodiment of the present invention,
which is taken along a third axial section of the valve rotated through about 90 degrees relative
to the first axial section around the axis of the valve;

FIG. 4 is a schematic sectional view of the valve in the state where the main valve spool is in
the middle main valve spool position according to the embodiment of the present invention,
which is taken along a fourth axial section of the valve rotated through about 135 degrees
relative to the first axial section around the axis of the valve;

FIG. 5 is a schematic diagram of a hydraulic system according to an embodiment of the
present invention, which shows the schematic sectional view of the valve in the state where the
main valve spool is in the middle main valve spool position, taken along the first axial section of
the valve;

FIG. 6 is a schematic diagram of the hydraulic system according to the embodiment of the
present invention, which shows the schematic sectional view of the valve in the state where the
main valve spool is in the middle main valve spool position, taken along the second axial
section of the valve;

FIG. 7 is a schematic diagram of the hydraulic system according to the embodiment of the
present invention, which shows the schematic sectional view of the valve in the state where the
main valve spool is in the middle main valve spool position, taken along the third axial section
of the valve;

FIG. 8 is a schematic diagram of the hydraulic system according to the embodiment of the
present invention, which shows the schematic sectional view of the valve in the state where the
main valve spool is in the middle main valve spool position, taken along the fourth axial section
of the valve;

FIG. 9 is a schematic sectional view of the valve in a state where the main valve spool is in a
second main valve spool position according to the embodiment of the present invention, which
is taken along the first axial section of the valve;

FIG. 10 is a schematic sectional view of the valve in the state where the main valve spool is in
the second main valve spool position according to the embodiment of the present invention,
which is taken along the second axial section of the valve;

FIG. 11 is a schematic sectional view of the valve in the state where the main valve spool is in
the second main valve spool position according to the embodiment of the present invention,
which is taken along the third axial section of the valve;

FIG. 12 is a schematic sectional view of the valve in the state where the main valve spool is in
the second main valve spool position according to the embodiment of the present invention,
which is taken along the fourth axial section of the valve;
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FIG. 13 is a schematic diagram of the hydraulic system according to the embodiment of the
present invention, which shows the schematic sectional view of the valve in the state where the
main valve spool is in the second main valve spool position, taken along the first axial section
of the valve;

FIG. 14 is a schematic diagram of the hydraulic system according to the embodiment of the
present invention, which shows the schematic sectional view of the valve in the state where the
main valve spool is in the second main valve spool position, taken along the second axial
section of the valve;

FIG. 15 is a schematic diagram of the hydraulic system according to the embodiment of the
present invention, which shows the schematic sectional view of the valve in the state where the
main valve spool is in the second main valve spool position, taken along the third axial section
of the valve;

FIG. 16 is a schematic diagram of the hydraulic system according to the embodiment of the
present invention, which shows the schematic sectional view of the valve in the state where the
main valve spool is in the second main valve spool position, taken along the fourth axial section
of the valve;

FIG. 17 is a schematic sectional view of the valve in a state where the main valve spool is in a
first main valve spool position according to the embodiment of the present invention, which is
taken along the first axial section of the valve;

FIG. 18 is a schematic sectional view of the valve in the state where the main valve spool is in
the first main valve spool position according to the embodiment of the present invention, which
is taken along the second axial section of the valve;

FIG. 19 is a schematic sectional view of the valve in the state where the main valve spool is in
the first main valve spool position according to the embodiment of the present invention, which
is taken along the third axial section of the valve;

FIG. 20 is a schematic sectional view of the valve in the state where the main valve spool is in
the first main valve spool position according to the embodiment of the present invention, which
is taken along the fourth axial section of the valve;

FIG. 21 is a schematic diagram of the hydraulic system according to the embodiment of the
present invention, which shows the schematic sectional view of the valve in the state where the
main valve spool is in the first main valve spool position, taken along the first axial section of
the valve;

FIG. 22 is a schematic diagram of the hydraulic system according to the embodiment of the
present invention, which shows the schematic sectional view of the valve in the state where the
main valve spool is in the first main valve spool position, taken along the second axial section
of the valve;

FIG. 23 is a schematic diagram of the hydraulic system according to the embodiment of the
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present invention, which shows the schematic sectional view of the valve in the state where the
main valve spool is in the first main valve spool position, taken along the third axial section of
the valve; and

FIG. 24 is a schematic diagram of the hydraulic system according to the embodiment of the
present invention, which shows the schematic sectional view of the valve in the state where the
main valve spool is in the first main valve spool position, taken along the fourth axial section of
the valve.

DETAILED DESCRIPTION

[0009] As shown in FIGS. 1-24, a valve 100 according to an embodiment of the present
invention includes: a valve casing 1, a main valve spool 2 and a counterbalance valve spool 3.
The valve casing 1 includes: a valve casing body 1B, a main valve bore 1C extending in an
axial direction in the valve casing body 1B; and a first working port (for example a port A) 30, a
second working port (for example a port B) 34, a supply port (for example a port P) S and a
return port (for example a port T) R formed in the valve casing body 1B (referring to FIG.4).
The main valve spool 2 is disposed in the main valve bore 1C of the valve casing 1 and is
slidable in the main valve bore 1C to change the communication status between each of the
first and second working ports 30 and 34 and each of the supply and return ports S and R, and
the main valve spool 2 includes: a main valve spool body 2B, a main valve spool internal cavity
2C extending in the axial direction in the main valve spool body 2B; a main valve spool wall 2W
surrounding the main valve spool internal cavity 2C; an inlet passage 17 which passes through
the main valve spool wall 2W in a direction crossing the axial direction and which is configured
for the second working port 34; and an outlet passage TP which passes through the main
valve spool wall 2W in a direction crossing the axial direction and which has an inlet TP1
towards the main valve spool internal cavity 2C and an outlet TP2 towards the valve casing
body 1B (referring to FIG.2). The counterbalance valve spool 3 is disposed in the main valve
spool internal cavity 2C of the main valve spool 2 and is slidable between a first
counterbalance valve spool position (i.e. the position shown in FIGS. 1-16) and a second
counterbalance valve spool position (i.e. the position shown in FIGS. 17-24). The
counterbalance valve spool 3 includes: a counterbalance valve spool body 3B; and a first
counterbalance valve spool recess 23 formed on an outer periphery of the counterbalance
valve spool body 3B. In a state where the counterbalance valve spool 3 is in the first
counterbalance valve spool position, the inlet TP1 of the outlet passage TP of the main valve
spool 2 is closed by the counterbalance valve spool 3; and in a state where the counterbalance
valve spool 3 is in the second counterbalance valve spool position, the inlet TP1 of the outlet
passage TP of the main valve spool 2 is opened by the counterbalance valve spool 3 through
the first counterbalance valve spool recess 23 of the counterbalance valve spool 3, so that the
second working port 34 is in communication with the return port R through the inlet passage 17
configured for the second working port 34, the first counterbalance valve spool recess 23 and
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the outlet passage TP. Thereby, a hydraulic fluid (for example hydraulic oil) from the second
working port 34 enters the return port R through the inlet passage 17 configured for the
second working port 34, the first counterbalance valve spool recess 23 and the outlet passage
TP by being throttled by the outlet passage TP (referring to FIG. 19) . The counterbalance
valve spool 3 and the main valve spool 2 constitute a counterbalance valve. The valve 100
may be a load sensing valve or a load sensing multiple valve. The first counterbalance valve
spool recess 23 is configured to supply a fluid to the counterbalance valve. The inlet passage
17 may extend in a radial direction of the main valve spool body 2B. The main valve spool
body 2B may have a substantially cylindrical shape. A second working port inlet throttling
groove 18 (as shown in FIG. 1) is in communication with the inlet passage 17. The first
counterbalance valve spool recess 23 may be an annular recess surrounding the outer
periphery of the counterbalance valve spool body 3B, or a recess extending along a portion, in
a peripheral or circumferential direction, of the outer periphery of the counterbalance valve
spool body 3B. A chamber is formed by the first counterbalance valve spool recess 23 and an
inner wall of a second main spool internal cavity 2C2 of the main valve spool body 2B. The
outlet passage TP may extend substantially in the radial direction of the main valve spool body
2B. The outlet passage TP may be a throttling passage. The valve 100 may be a hydraulic
control valve or the like.

[0010] As shown in FIGS. 1-24, according to an embodiment of the present invention, the
supply port S includes a first supply port 31 and a second supply port 33, and the return port R
includes a first return port 29 and a second return port 36 (referring to FIG. 4). The main valve
spool 2 is slidable among a first main valve spool position (i.e. the position shown in FIGS. 17-
24), a middle main valve spool position (i.e. the position shown in FIGS. 1-8) and a second
main valve spool position (i.e. the position shown in FIGS. 9-16) to change the communication
status between the first working port 30 and each of the first supply port 31 and first return port
29, and the communication status between the second working port 34 and each of the second
supply port 33 and second return port 36. In a state where the main valve spool 2 is in the first
main valve spool position (i.e. the position shown in FIGS. 17-24), the first working port 30 is in
communication with the first supply port 31, the counterbalance valve spool 3 is in the second
counterbalance valve spool position (i.e. the position shown in FIGS. 17-24), and the second
working port 34 is in communication with the second return port 36 through the inlet passage
17 configured for the second working port 34, the first counterbalance valve spool recess 23
and the outlet passage TP (referring to FIG. 19). Thereby, a hydraulic fluid (for example the
hydraulic oil) from the second working port 34 enters the second return port 36 through the
inlet passage 17 configured for the second working port 34, the first counterbalance valve
spool recess 23 and the outlet passage TP by being throttled by the outlet passage TP. In a
state where the main valve spool 2 is in the middle main valve spool position (i.e. the position
shown in FIGS. 1-8), the counterbalance valve spool 3 is in the first counterbalance valve spool
position (i.e. the position shown in FIGS. 1-16), and the first working port 30 and the second
working port 34 are disconnected from the first supply port 31 and the second supply port 33,
respectively. In a state where the main valve spool 2 is in the second main valve spool position
(i.e. the position shown in FIGS. 9-16), the counterbalance valve spool 3 is in the first
counterbalance valve spool position (i.e. the position shown in FIGS. 1-16), the first working
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port 30 is in communication with the first return port 29, and the second working port 34 is in
communication with the second supply port 33. The first supply port 31 and the second supply
port 33 may be in communication with each other, and the first return port 29 and the second
return port 36 may be in communication with each other. In the figures, T denotes an oil tank,
and A and B denote the port A and the port B, respectively. The first supply port 31, the second
supply port 33, the first return port 29, the second return port 36, the first working port (for
example the port A) 30, and the second working port (for example the port B) 34 may be
formed by recesses formed on an inner wall of the main valve bore 1C of the valve casing
body 1B. Each of the recesses may be formed on all or part of a circumference of the inner
wall of the main valve bore 1C of the valve casing body 1B in a circumferential direction. In the
embodiment, the main valve spool 2 is slidable among the first main valve spool position, the
middle main valve spool position and the second main valve spool position to control the
communications and the non-communications between the working ports and the supply and
return ports S and R. However, the main valve spool 2 may switch between two main valve
spool positions or among four or more main valve spool positions to control communications
and non-communications between working ports and supply and return ports S and R.

[0011] As shown in FIGS. 1-24, according to an embodiment of the present invention, the
outlet passage TP includes a plurality of sub-outlet passages 24, 28 and 35 (as shown in FIGS.
6, 7 and 8) arranged in the axial direction, such that the greater a distance which the
counterbalance valve spool 3 slides in a direction from the first counterbalance valve spool
position towards the second counterbalance valve spool position is, the more sub-outlet
passages 24, 28 and 35 are opened, and thus the greater a total flow area of these opened
sub-outlet passages is (Referring to FIGS. 18-20 and 22-24). In this case, the second working
port 34 is in communication with the first counterbalance valve spool recess 23 through the
inlet passage 17 configured for the second working port 34. For example, the sub-outlet
passages 24, 28 and 35 may be two, three or more sub-outlet passages. The outlet passage
TP may be one outlet passage TP, or two or more outlet passages TP in substantially the
same axial position, and each of the sub-outlet passages 24, 28 and 35 may be one sub-outlet
passage, or two or more sub-outlet passages in substantially the same axial position. The inlet
passage 17 configured for the second working port 34 may be one inlet passage 17, or two or
more inlet passages 17 in substantially the same axial position. The sub-outlet passages 24,
28 and 35 may be sub-throttling passages.

[0012] As shown in FIGS. 17-24, according to an embodiment of the present invention, the
main valve spool internal cavity 2C of the main valve spool 2 includes: first and second main
valve spool internal cavities 2C1 and 2C2 extending in the axial direction in the main valve
spool body 2B; a main valve spool internal cavity partition wall 2P between the first and second
main valve spool internal cavities 2C1 and 2C2; a main valve spool internal cavity partition wall
through hole 9 formed in the main valve spool internal cavity partition wall 2P and
communicating the first main valve spool internal cavity 2C1 with the second main valve spool
internal cavity 2C2; and a counterbalance valve spring cavity 20 extending from the second
main valve spool internal cavity 2C2 in a direction away from the first main valve spool internal
cavity 2C1. The counterbalance valve spool 3 is disposed in the second main valve spool
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internal cavity 2C2 of the main valve spool 2, and has a first end 3E1 adjacent to the main
valve spool internal cavity partition wall 2P of the main valve spool 2, and a second end 3E2
opposite to the first end 3E1. The valve 100 further includes: a counterbalance valve spring
seat 4 disposed in the counterbalance valve spring cavity 20 of the main valve spool 2 and
having an end 4E facing towards the counterbalance valve spool 3; and counterbalance valve
springs 5 and 6 disposed in the counterbalance valve spring cavity 20 of the main valve spool
2 and configured to apply a force to the counterbalance valve spring seat 4 to bias the
counterbalance valve spring seat 4 towards the counterbalance valve spool 3, so that the end
4E of the counterbalance valve spring seat 4 abuts against the second end 3E2 of the
counterbalance valve spool 3 and applies a pushing force to the counterbalance valve spool 3
in a direction from the second counterbalance valve spool position towards the first
counterbalance valve spool position. The main valve spool internal cavity partition wall through
hole 9 may be a damping hole, or any other appropriate through hole. The main valve spool
internal cavity partition wall through hole 9 may extend substantially in the axial direction.
Although the two counterbalance valve springs 5 and 6 are shown in the figures, a single
counterbalance valve spring may be used. An opening pressure of the counterbalance valve is
determined by the counterbalance valve springs 5 and 6. The damping hole may be configured
to reduce an impact pressure when the counterbalance valve is opened. The first end 3E1 may
have a shape of a truncated cone.

[0013] As shown in FIGS. 17-24, according to an embodiment of the present invention, the
main valve spool 2 further includes a first working port pressure acquisition hole 21 (as shown
in FIG. 18) which passes through the main valve spool wall 2W of the main valve spool 2 in a
direction crossing the axial direction. In the state where the main valve spool 2 in the main
valve bore 1C is in the first main valve spool position, the first working port pressure acquisition
hole 21 communicates the first working port 30 with the first main valve spool internal cavity
2C1 of the main valve spool 2. The first working port pressure acquisition hole 21 is configured
to acquire a pressure value of the first working port 30 in operation. The first working port
pressure acquisition hole 21 may extend substantially in the radial direction of the main valve
spool body 2B.

[0014] As shown in FIGS. 17-24, according to an embodiment of the present invention, the
main valve spool 2 further includes a second working port pressure acquisition hole (for
example a load sensing (LS) pressure acquisition hole for the port B) 8 (as shown in FIG. 17)
which passes through the main valve spool wall 2W of the main valve spool 2 in a direction
crossing the axial direction. In the state where the main valve spool 2 in the main valve bore
1C is in the first main valve spool position, the second working port pressure acquisition hole 8
communicates the counterbalance valve spring cavity 20 with the second return port 36. The
second working port pressure acquisition hole 8 is configured to acquire a size of a pressure
value of the second working port 34 in operation. The second working port pressure acquisition
hole 8 may extend obliquely to the axial direction.

[0015] As shown in FIGS. 17-24, especially as shown in FIG. 17, according to an embodiment
of the present invention, the counterbalance valve spring seat 4 includes: a head 4H having
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the end 4E facing towards the counterbalance valve spool 3; and a rod 4S inserted into the
counterbalance valve springs, and the main valve spool 2 further includes a plug 7 which
closes an end of the main valve spool internal cavity 2C of the main valve spool 2, and which is
configured to restrict, by an abutment against the rod 4S of the counterbalance valve spring
seat 4, a distance which the counterbalance valve spring scat 4 slides, and thus a distance
which the counterbalance valve spool 3 slides in a direction from the first counterbalance valve
spool position towards the second counterbalance valve spool position. Thereby, guiding of the
springs can be improved, and a position of the counterbalance valve spool can also be
controlled more accurately, preventing the counterbalance valve spool from moving out of a
normal operating range due to a pressure fluctuation so that a load is abruptly stopped.

[0016] As shown in FIGS. 17-24, according to an embodiment of the present invention, the
counterbalance valve spring cavity 20 of the main valve spool 2 has a greater cross-sectional
size than the second main spool internal cavity 2C2. In the state where the main valve spool 2
in the main valve bore 1C is in the first main valve spool position, the counterbalance valve
spool 3 is in the second counterbalance valve spool position so that the second end 3E2 of the
counterbalance valve spool 3 enters the counterbalance valve spring cavity 20, and the
counterbalance valve spring cavity 20 is in communication with the second return port 36
through a gap between the counterbalance valve spring seat 4 and the inner wall of the
counterbalance valve spring cavity 20 of the main valve spool 2, a gap between the
counterbalance valve spool 3 and the inner wall of the counterbalance valve spring cavity 20 of
the main valve spool 2, and the second working port pressure acquisition hole 8. Specifically,
according to an embodiment of the present invention, the counterbalance valve spring seat 4
further includes: a counterbalance valve spring seat recess 25 (as shown in FIGS. 17 and 18)
formed at an end surface of the end 4E on an outer periphery of the end 4E. The
counterbalance valve spring cavity 20 is in communication with the second return port 36
through the gap between the counterbalance valve spring seat 4 and the inner wall of the
counterbalance valve spring cavity 20 of the main valve spool 2, the gap between the
counterbalance valve spool 3 and the inner wall of the counterbalance valve spring cavity 20 of
the main valve spool 2, the counterbalance valve spring seat recess 25, and the second
working port pressure acquisition hole 8. For example, each of the first main valve spool
internal cavity 2C1, the second main valve spool internal cavity 2C2 and the counterbalance
valve spring cavity 20 may have a circular cross section. The counterbalance valve spring seat
recess 25 may be an annular recess surrounding the outer periphery of the counterbalance
valve spring seat 4, or a recess extending along a portion, in a peripheral or circumferential
direction, of the outer periphery of the counterbalance valve spring seat 4. A chamber is
formed by the counterbalance valve spring seat recess 25 and the inner wall of the
counterbalance valve spring cavity 20. A diameter of the second end 3E2 of the
counterbalance valve spool 3 may be less than or equal to a diameter of a bottom of the
counterbalance valve spring seat recess 25.

[0017] As shown in FIGS. 17-24, according to an embodiment of the present invention, the
valve casing 1 further includes a working port pressure detection cavity 32 (as shown in FIG.
17 and 20) formed in the valve casing body 1B, and the main valve spool 2 further includes a
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first working port pressure feedback hole 26 (as shown in FIG. 19) which passes through the
main valve spool wall 2W of the main valve spool 2 in a direction crossing the axial direction. In
the state where the main valve spool 2 in the main valve bore 1C is in the first main valve spool
position, the first working port pressure feedback hole 26 communicates the first main valve
spool internal cavity 2C1 with the working port pressure detection cavity 32 so that the working
port pressure detection cavity 32 is in communication with the first working port 30 through the
first working port pressure feedback hole 26, the first main valve spool internal cavity 2C1 and
the first working port pressure acquisition hole 21 (as shown in FIG. 18). The first working port
pressure feedback hole 26 may be configured to feed back a pressure acquired by the first
working port pressure acquisition hole 21 to the working port pressure detection cavity 32. The
working port pressure detection cavity (for example an LS chamber) 32 is configured to feed
back the pressure to a pump. The first working port pressure feedback hole 26 may extend
substantially in the radial direction of the main valve spool body 2B. The working port pressure
detection cavity 32 may be formed by a recess formed on the inner wall of the main valve bore
1C of the valve casing body 1B. The recess may be formed on all or part of the circumference
of the inner wall of the main valve bore 1C of the valve casing body 1B in the circumferential
direction.

[0018] As shown in FIGS. 1-24, according to an embodiment of the present invention, the
valve 100 further includes a connection hole extending in the axial direction in an end of the
main valve spool body 2B, for example a connection hole extending from the first main valve
spool internal cavity 2C1 in a direction away from the second main valve spool internal cavity
2C2. The valve 100 further includes a biasing assembly configured to apply a force to the main
valve spool 2 so as to bias the main valve spool 2 towards the middle main valve spool
position. The biasing assembly includes a supporting shaft 13 (for example a hook) (such as
shown in FIGS. 1 and 17). One end of the supporting shaft 13 is connected to an end of the
main valve spool body 2B of the main valve spool 2. For example, the one end of the
supporting shaft 13 is connected to the end of the main valve spool body 2B of the main valve
spool 2 by inserting the one end of the supporting shaft 13 in the connection hole of the main
valve spool body 2B. The biasing assembly further includes: a first main valve spool spring
seat and a second main valve spool spring seat. Each of the first main valve spool spring seat
and the second main valve spool spring seat includes a sleeve, and a flange disposed at an
end of the sleeve. The biasing assembly further includes a main valve spool spring 11. The first
main valve spool spring seat and the second main valve spool spring seat are fitted over the
supporting shaft 13 to be slidable with respect to the supporting shaft 13. The sleeves of the
first main valve spool spring seat and the second main valve spool spring seat are inserted into
the main valve spool spring 11 from two ends of the main valve spool spring 11, respectively,
such that the flanges of the first main valve spool spring seat and the second main valve spool
spring seat abut against the two ends of the main valve spool spring 11, respectively. The other
end of the supporting shaft 13 has a shoulder. An inner diameter of each of the flanges of the
first main valve spool spring seat and the second main valve spool spring seat is less than an
outer diameter of the main valve spool body 2B, and an outer diameter of each of the flanges
of the first main valve spool spring scat and the second main valve spool spring scat is greater
than a diameter of the main valve bore 1C of the valve casing body 1B of the valve casing 1.
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Thereby, the first main valve spool spring seat and the second main valve spool spring seat
are constrained between the shoulder of the supporting shaft 13 and an end surface of the
valve casing body 1B of the valve casing 1. The second main valve spool spring seat adjacent
to the shoulder of the supporting shaft 13 is fixed in the axial direction.

[0019] As shown in FIGS. 1-24, especially as shown in FIGS. 1 and 17, according to an
embodiment of the present invention, the main valve spool 2 further includes: a first working
port return throttling groove 14 formed in the main valve spool body 2B and configured to
control a magnitude of a flow rate of a fluid flowing from the first working port 30 to the first
return port 29; an inlet passage 17 configured for the second working port 34 and serving as
an inlet of the counterbalance valve; a second working port inlet throttling groove 18 configured
to control a magnitude of a flow rate of a fluid flowing from the second supply port 33 to the
second working port 34; and a first working port inlet throttling groove 19 configured to control
a magnitude of a flow rate of a fluid flowing from the first supply port 31 to the first working port
30. An annular groove is formed on an outer periphery of the main valve spool body 2B, the
first working port return throttling groove 14 is in communication with the annular groove on
one side of the annular groove, and the first working port inlet throttling groove 19 is in
communication with the annular groove on the other side of the annular groove.

[0020] As shown in FIGS. 1-8, according to an embodiment of the present invention, in the
state where the main valve spool 2 is in the middle main valve spool position, the first main
valve spool internal cavity 2C1 and the counterbalance valve spring cavity 20 are in
communication with the first return port 29 and the second return port 36, respectively.
Specifically, as shown in FIG. 2, in the state where the main valve spool 2 is in the middle main
valve spool position, the first working port pressure acquisition hole 21 communicates the first
return port 29 with the first main valve spool internal cavity 2C1 of the main valve spool 2. In
the state where the main valve spool 2 is in the middle main valve spool position, as shown in
FIG.1, the second working port pressure acquisition hole 8 communicates the counterbalance
valve spring cavity 20 with the second return port 36. For example, in the state where the main
valve spool 2 in the main valve bore 1C is in the middle main valve spool position, the
counterbalance valve spring cavity 20 is in communication with the second return port 36
through the gap between the counterbalance valve spring seat 4 and the inner wall of the
counterbalance valve spring cavity 20 of the main valve spool 2, and the second working port
pressure acquisition hole 8. In the embodiment shown in the figures, especially as shown in
FIG.1, in the state where the main valve spool 2 in the main valve bore 1C is in the middle
main valve spool position, the counterbalance valve spring cavity 20 is in communication with
the second return port 36 through the gap between the counterbalance valve spring seat 4 and
the inner wall of the counterbalance valve spring cavity 20 of the main valve spool 2, the
counterbalance valve spring seat recess 25, and the second working port pressure acquisition
hole 8.

[0021] As shown in FIGS. 1-8, especially as shown in FIGS. 1, 2 and 3, according to an
embodiment of the present invention, in the state where the main valve spool 2 in the main
valve bore 1C is in the middle main valve spool position, the first working port pressure
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feedback hole 26 communicates the first main valve spool internal cavity 2C1 with the working
port pressure detection cavity 32, and the first working port pressure acquisition hole 21 is in
communication with the first return port 29, so that the working port pressure detection cavity
32 is in communication with the first return port 29 through the first working port pressure
feedback hole 26, the first main valve spool internal cavity 2C1 and the first working port
pressure acquisition hole 21.

[0022] As shown in FIGS. 1-8, especially as shown in FIG. 3, according to an embodiment of
the present invention, the main valve spool 2 further includes a second working port pressure
feedback hole 27 which passes through the main valve spool wall 2W of the main valve spool 2
in a direction crossing the axial direction. As shown in FIG. 3, the counterbalance valve spool 3
further includes: a counterbalance valve spool axial hole 15 which is formed in the
counterbalance valve spool body 3B substantially in the axial direction; and a counterbalance
valve spool communication hole 15C which is formed in the counterbalance valve spool body
3B in a direction crossing the axial direction and which is in communication with the
counterbalance valve spool axial hole 15. The counterbalance valve spool communication hole
15C may be in communication with the second working port pressure feedback hole 27
through a second counterbalance valve spool recess 22 formed on the outer periphery of the
counterbalance valve spool body 3B. The counterbalance valve spring scat 4 further includes:
a counterbalance valve spring seat groove 16 (as shown in FIG.1) formed at an end surface of
the end 4E and extending in a direction crossing the axial direction. In the state where the main
valve spool 2 in the main valve bore 1C is in the middle main valve spool position, the second
working port pressure feedback hole 27 communicates the counterbalance valve spool axial
hole 15 with the working port pressure detection cavity 32 through the counterbalance valve
spool communication hole 15C, and the second working port pressure acquisition hole 8
communicates the counterbalance valve spool axial hole 15 with the second return port 36
through the counterbalance valve spring seat groove 16, so that the working port pressure
detection cavity 32 is in communication with the second return port 36 through the second
working port pressure feedback hole 27, the counterbalance valve spool communication hole
15C, the counterbalance valve spool axial hole 15, the counterbalance valve spring seat
groove 16 and the second working port pressure acquisition hole 8, as shown in FIGS. 1 and
3. The second working port pressure feedback hole 27 may be configured to feed back a
pressure acquired by the second working port pressure acquisition hole 8 to the working port
pressure detection cavity 32. For example, the counterbalance valve spring seat groove 16
may extend on the end surface of the end 4E such that an end of the counterbalance valve
spring seat groove 16 extends to an edge of the end surface of the end 4E, so that the
counterbalance valve spring seat groove 16 is in communication with the counterbalance valve
spring scat recess 25. The counterbalance valve spring scat groove 16 is in communication
with the counterbalance valve spool axial hole 15. The end 4E of the counterbalance valve
spring seat 4 abuts against the second end 3E2 of the counterbalance valve spool 3. A sealing
contact may be formed between the end surface of the end 4E of the counterbalance valve
spring seat 4 and an end surface of the second end 3E2 of the counterbalance valve spool 3.
The second working port pressure feedback hole 27 may extend substantially in the radial
direction of the main valve spool body 2B, as shown in FIG. 3.
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[0023] As shown in FIGS. 1-8, according to an embodiment of the present invention, the
counterbalance valve spring seat groove 16 communicates the counterbalance valve spool
axial hole 15 with the counterbalance valve spring seat recess 25 formed in the outer periphery
of the end 4E of the counterbalance valve spring seat 4. As shown in FIGS. 1 and 3, in the
state where the main valve spool 2 in the main valve bore 1C is in the middle main valve spool
position, the second working port pressure feedback hole 27 communicates the
counterbalance valve spool axial hole 15 with the working port pressure detection cavity 32
through the counterbalance valve spool communication hole 15C, and the second working port
pressure acquisition hole 8 communicates the counterbalance valve spool axial hole 15 with
the second return port 36 through the counterbalance valve spring seat recess 25 and the
counterbalance valve spring seat groove 16, so that the working port pressure detection cavity
32 is in communication with the second return port 36 through the second working port
pressure feedback hole 27, the counterbalance valve spool communication hole 15C, the
counterbalance valve spool axial hole 15, the counterbalance valve spring seat groove 16, the
counterbalance valve spring seat recess 25 and the second working port pressure acquisition
hole 8. The counterbalance valve spring seat recess 25 may be configured to feed back a load
sensing (LS) pressure.

[0024] As shown in FIGS. 1-8, especially as shown in FIGS. 1 and 3, according to an
embodiment of the present invention, the counterbalance valve spool 3 further includes: the
second counterbalance valve spool recess 22 formed on the outer periphery of the
counterbalance valve spool body 3B. The counterbalance valve spool communication hole 15C
communicates the second counterbalance valve spool recess 22 with the counterbalance valve
spool axial hole 15. In the state where the main valve spool 2 in the main valve bore 1C is in
the middle main valve spool position, the second working port pressure feedback hole 27 is in
communication with the counterbalance valve spool communication hole 15C through the
second counterbalance valve spool recess 22. The second counterbalance valve spool recess
22 may be configured to feed back a load sensing (LS) pressure. The second counterbalance
valve spool recess 22 may be an annular recess surrounding the outer periphery of the
counterbalance valve spool body 3B, or a recess extending along a portion, in the peripheral or
circumferential direction, of the outer periphery of the counterbalance valve spool body 3B. A
chamber is formed by the second counterbalance valve spool recess 22 and the inner wall of
the second main spool internal cavity 2C2 of the main valve spool body 2B. An outer peripheral
surface of the counterbalance valve spool body 3B is in sealing contact with a surface of the
inner wall of the second main spool internal cavity 2C2.

[0025] According to an embodiment of the present invention, referring to FIGS. 9-16, in the
state where the main valve spool 2 is in the second main valve spool position, the first main
valve spool internal cavity 2C1 is in communication with the first return port 29. For example,
as shown in FIG. 10, in the state where the main valve spool 2 is in the second main valve
spool position, the first working port pressure acquisition hole 21 communicates the first return
port 29 with the first main valve spool internal cavity 2C1 of the main valve spool 2. According
to an embodiment of the present invention, referring to FIGS. 9-16, especially as shown in FIG.
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9, in the state where the main valve spool 2 is in the second main valve spool position, the
second working port pressure acquisition hole 8 communicates the counterbalance valve
spring cavity 20 with the second working port 34. For example, as shown in FIG. 9, in the state
where the main valve spool 2 in the main valve bore 1C is in the second main valve spool
position, the counterbalance valve spring cavity 20 is in communication with the second
working port 34 through the gap between the counterbalance valve spring seat 4 and the inner
wall of the counterbalance valve spring cavity 20 of the main valve spool 2, and the second
working port pressure acquisition hole 8. In the example shown in FIGS. 9-16, especially as
shown in FIG. 9, in the state where the main valve spool 2 in the main valve bore 1C is in the
second main valve spool position, the counterbalance valve spring cavity 20 is in
communication with the second working port 34 through the gap between the counterbalance
valve spring seat 4 and the inner wall of the counterbalance valve spring cavity 20 of the main
valve spool 2, the counterbalance valve spring seat recess 25, and the second working port
pressure acquisition hole 8.

[0026] According to an embodiment of the present invention, referring to FIGS. 9-16, in the
state where the main valve spool 2 in the main valve bore 1C is in the second main valve spool
position, as shown in FIG. 11, the second working port pressure feedback hole 27
communicates the counterbalance valve spool axial hole 15 with the working port pressure
detection cavity 32 through the counterbalance valve spool communication hole 15C, and as
shown in FIG. 9, the second working port pressure acquisition hole 8 communicates the
counterbalance valve spool axial hole 15 with the second working port 34 through the
counterbalance valve spring seat groove 16, so that the working port pressure detection cavity
32 is in communication with the second working port 34 through the second working port
pressure feedback hole 27, the counterbalance valve spool communication hole 15C, the
counterbalance valve spool axial hole 15, the counterbalance valve spring seat groove 16 and
the second working port pressure acquisition hole 8.

[0027] In the example shown in FIGS. 9-16, in the state where the main valve spool 2 in the
main valve bore 1C is in the second main valve spool position, as shown in FIG. 11, the second
working port pressure feedback hole 27 communicates the counterbalance valve spool axial
hole 15 with the working port pressure detection cavity 32 through the counterbalance valve
spool communication hole 15C, and as shown in FIG. 9, the second working port pressure
acquisition hole 8 communicates the counterbalance valve spool axial hole 15 with the second
working port 34 through the counterbalance valve spring seat recess 25 and the
counterbalance valve spring seat groove 16, so that the working port pressure detection cavity
32 is in communication with the second working port 34 through the second working port
pressure feedback hole 27, the counterbalance valve spool communication hole 15C, the
counterbalance valve spool axial hole 15, the counterbalance valve spring seat groove 16, the
counterbalance valve spring seat recess 25 and the second working port pressure acquisition
hole 8.

[0028] According to an embodiment of the present invention, referring to FIGS. 9-16,
especially as shown in FIGS. 9 and 11, in the state where the main valve spool 2 in the main
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valve bore 1C is in the second main valve spool position, the second working port pressure
feedback hole 27 may be in communication with the counterbalance valve spool
communication hole 15C through the second counterbalance valve spool recess 22.

[0029] Embodiments of the present invention further provide a hydraulic system 200 including
the valve 100. Referring to FIGS. 5-8,13-16 and 21-24, the hydraulic system 200 further
includes: a hydraulic cylinder 41 which has chambers located on both sides of a piston of the
hydraulic cylinder 41 and respectively connected with the first working port 30 and the second
working port 34 (it can be understood that herein the hydraulic cylinder is merely an example
of an actuator and any other actuator such as a motor may be used in the hydraulic system); a
first working port overflow valve 42 connected with the first working port 30; a second working
port overflow valve 40 connected with the second working port 34; a pump 37, such as a load
sensing variable displacement pump, connected with the first supply port 31 and the second
supply port 33 through a check valve 44; a shuttle valve 38 through which the working port
pressure detection cavity 32 feeds back the pressure to a feedback port of the pump 37; and a
pressure detection overflow valve (load sensing (LS) overflow valve) 39 connected with the
feedback port of the pump 37.

[0030] An operational principle of the valve 100 and an operational principle of the hydraulic
system 200 in the state where the main valve spool 2 is in the middle main valve spool position
is described as below with reference to FIGS. 1-8.

[0031] Referring to FIGS. 1-8, in the state where the main valve spool 2 is in the middle main
valve spool position, the first supply port 31 and the second supply port 33 are disconnected
from the first working port 30 and the second working port 34, respectively. In this case, as
shown in FIG. 5, on one side of the counterbalance valve spool 3, a pressure of the working
port pressure detection cavity 32 is released to the second return port 36 sequentially through
the second working port pressure feedback hole 27, the second counterbalance valve spool
recess 22, the counterbalance valve spool axial hole 15, the counterbalance valve spring seat
groove 16, the counterbalance valve spring seat recess 25 and the second working port
pressure acquisition hole 8, thereby achieving a relief of the pressure of the working port
pressure detection cavity 32. As shown in FIG. 5,on the other side of the counterbalance valve
spool 3, the pressure of the working port pressure detection cavity 32 is released sequentially
through the first working port pressure feedback hole 26, the first main valve spool internal
cavity 2C1, and the first working port pressure acquisition hole 21, thereby achieving a relief of
the pressure of the working port pressure detection cavity 32. Therefore, when the main valve
spool 2 is in the middle main valve spool position, the pressure of the working port pressure
detection cavity 32 is released to the first return port 29 and the second return port 36 on both
sides of the working port pressure detection cavity 32. In this case, an operating state of the
counterbalance valve is as follows.

1. (1) A pressure of the counterbalance valve spring cavity 20 is released to the second
return port 36 sequentially through a fit clearance between the counterbalance valve
spring seat 4 and the inner wall of the counterbalance valve spring cavity 20 of the main
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valve spool 2, the counterbalance valve spring seat recess 25, and the second working
port pressure acquisition hole 8.

2. (2) In this case, the pressure of the first main valve spool internal cavity 2C1 is generally
equal to a pressure of the first return port 29, so that the pressure of the first main valve
spool internal cavity 2C1 cannot overcome a total spring force of the two springs 5 and 6
of the counterbalance valve. Therefore, in this case, the counterbalance valve spool 3 is
in a stationary state in the first counterbalance valve spool position.

3. (3) The outlet TP2 of the sub-outlet passage 24 is in communication with the second
return port 36, and the inlet TP1 of the sub-outlet passage 24 is closed by the
counterbalance valve spool 3, as shown in FIG. 6.

4. (4) The outlet TP2 of the sub-outlet passage 28 is closed by the valve casing 1, and the
inlet TP1 of the sub-outlet passage 28 is closed by the counterbalance valve spool 3, as
shown in FIG. 7.

5. (5) The outlet TP2 of the sub-outlet passage 35 is in communication with the second
return port 36, and the inlet TP1 of the sub-outlet passage 28 is closed by the
counterbalance valve spool 3, as shown in FIG. 8.

6. (6) Therefore, when the main valve spool 2 is in the middle main valve spool position, all
of the inlets TP1 of the sub-outlet passages 24, 28 and 35 are closed by the
counterbalance valve spool 3, a fluid from the second working port 34 cannot flow to the
second return port 36, and thus a load is retained.

[0032] The operational principle of the valve 100 and the operational principle of the hydraulic
system 200 in the state where the main valve spool 2 is in the second main valve spool
position is described as below with reference to FIGS. 9-16.

[0033] Referring to FIGS. 9-16, when the main valve spool 2 is in the second main valve spool
position, the fluid flows from the second supply port 33 to the second working port 34 (port B).
A magnitude of a flow rate of the fluid is adjustable by the second working port inlet throttling
groove 18, and a direction of motion D of the piston of the hydraulic cylinder 41 is as shown in
FIGS. 13-16. In this case, the second working port pressure acquisition hole 8 is in
communication with the second working port 34 as shown in FIG. 13, so that a pressure of the
second working port 34 is fed back to the working port pressure detection cavity 32
sequentially through the second working port pressure acquisition hole 8, the counterbalance
valve spring scat recess 25, the counterbalance valve spring seat groove 16, the
counterbalance valve spool axial hole 15, the counterbalance valve spool communication hole
15C, the second counterbalance valve spool recess 22, and the second working port pressure
feedback hole 27, and is fed back to the pump 37 through the shuttle valve 38, thereby
achieving a load sensing control. On the other hand, as shown in FIG. 15, the first working port
pressure feedback hole 26 is disconnected from the working port pressure detection cavity 32,
and as shown in FIG. 14, the first main valve spool internal cavity 2C1 is in communication with
the first return port 29 through the first working port pressure acquisition hole 21 so that a
pressure of the first main valve spool internal cavity 2C1 is released. In this case, the operating
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state of the counterbalance valve is as follows.

1. (1) All of the outlets TP2 of the sub-outlet passage 24, the sub-outlet passage 28, and
the sub-outlet passage 35 are in communication with the second working port 34.
However, all of the inlets TP1 of the sub-outlet passages 24, 28 and 35 are closed by
the counterbalance valve spool 3, as shown in FIGS. 14, 15 and 16.

2. (2) Aload pressure of the second working port 34 is introduced to the counterbalance
valve spring cavity 20 through the second working port pressure acquisition hole 8, and
the fit clearance between the counterbalance valve spring seat 4 and the inner wall of
the counterbalance valve spring cavity 20 of the main valve spool 2, as shown in FIG.
13. Therefore, in this case, a pressure of the counterbalance valve spring cavity 20 is
equal to a pressure of the second working port 34.

3. (3) Since the pressure of the first main valve spool internal cavity 2C1 is generally equal
to the pressure of the first return port 29, and the pressure of the counterbalance valve
spring cavity 20 is equal to the pressure of the second working port 34, the
counterbalance valve spool 3 is pressed in the main valve spool 2 and is in the
stationary state in the first counterbalance valve spool position.

[0034] The operational principle of the valve 100 and the operational principle of the hydraulic
system 200 in the state where the main valve spool 2 is in the first main valve spool position is
described as below with rcfcrence to FIGS. 17-24.

[0035] Referring to FIGS. 17-24, when the main valve spool 2 is in the first main valve spool
position, the hydraulic fluid flows from the first supply port 31 to the first working port 30 (port
A), as shown in FIG. 17. A magnitude of a flow rate of the hydraulic fluid is adjustable by the
first working port inlet throttling groove 19, and the direction of motion D of the piston of the
hydraulic cylinder 41 is as shown in FIGS. 21-24. In this case, as shown in FIG. 18, a pressure
of the first working port 30 is fed back to the working port pressure detection cavity 32 through
the first working port pressure acquisition hole 21, the first main valve spool internal cavity 2C1,
and the first working port pressure feedback hole 26, thereby achieving the load sensing
control. The second working port pressure feedback hole 27 is disconnected from the working
port pressure detection cavity 32, as shown in FIG. 19. In this case, the operating state of the
counterbalance valve is as follows.

1. (1) The pressure of the counterbalance valve spring cavity 20 is released to the second
return port 36 through the fit clearance between the counterbalance valve spring seat 4
and the inner wall of the counterbalance valve spring cavity 20 of the main valve spool 2,
the counterbalance valve spring seat recess 25, and the second working port pressure
acquisition hole 8, as shown in FIG. 17. Therefore, in this case, the pressure of the
counterbalance valve spring cavity 20 is equal to a pressure of the second return port
36.

2. (2) The pressure of the first main valve spool internal cavity 2C1 is equal to the pressure
of the first working port 30, and enters the second main valve spool internal cavity 2C2
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through the main valve spool internal cavity partition wall through hole 9 such as the
damping hole, as shown in FIG. 18, thereby opening the counterbalance valve against
the total force of the counterbalance valve springs 5 and 6. In other words, the
counterbalance valve spool 3 is moved to the second counterbalance valve spool
position.

3.(3) During the movement of the counterbalance valve spool 3 to the second
counterbalance valve spool position, a total flow area of the sub-throttling passages as
the sub-outlet passages 24, 28 and 35 gradually increases. The hydraulic fluid from the
second working port 34 flows from the sub-outlet passages 24, 28 and 35 to the second
return port 36 through the inlet passage 17 configured for the second working port 34,
and the first counterbalance valve spool recess 23, thereby achieving actions, such as
lowering the negative load and forward tilting the negative load.

4. (4) The flow rate has a continuity. A ratio of a magnitude of a flow rate of the first working
port 30 to an area of the piston of the hydraulic cylinder is in proportion to a ratio of a
magnitude of a flow rate of the second working port 34 to the area of the piston of the
hydraulic cylinder. Therefore, the flow rate is continuous. A magnitude of a flow rate of
the hydraulic fluid passing through the counterbalance valve may be completely
controlled by the first working port inlet throttling groove 19, thereby avoiding problems
such as a stall or an uncontrollable flow rate caused by the negative load. In addition, a
total area of the sub-outlet passages 24, 28 and 35 changes gradually, thereby
achieving a soft start of a load and improving control performance.

[0036] With the valve according to the embodiments of the present invention, a
counterbalance valve is integrated in a spool of a load sensing multiple valve. Thereby, a
function of the counterbalance valve is achieved. In addition, a load sensing (LS) pressure is
fed back to the working port pressure detection cavity 32 through the fit clearance between the
counterbalance valve spring seat 4 and the inner wall of the counterbalance valve spring cavity
20 of the main valve spool 2, and the fit clearance between the counterbalance valve spool 3
and the inner wall of the counterbalance valve spring cavity 20 of the main valve spool 2,
thereby achieving both a load sensing function and the function of the counterbalance valve.
Furthermore, an integrity level is greatly improved. Further, a required controlling pressure is
successfully achieved in a narrow space by the two springs and the first end 3E1 of the
counterbalance valve spool 3 having a shape of a truncated cone.

[0037] The valve according to the embodiments of the present invention may be applied to
cranes, forklifts, and the like.

[0038] With the valve according to the embodiments of the present invention, the
counterbalance valve is configured to control actions of a negative load of a hydraulic cylinder
or a motor, such as lowering the negative load and forward tilting the negative load, so that a
velocity of movement of the hydraulic cylinder or the motor is controllable, and a stable
movement is achieved. Structurally, the counterbalance valve is disposed in the main valve
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spool. Thereby, a structure of the valve is more compact while ensuring working performance,
so that the valve is more suitable for a narrow mounting space.
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Patentkrav

1. Ventil (100), der omfatter:

10

15

20

25

30

35

et ventilhus (1), der omfatter: et ventilhuslegeme (1B), en hovedventilbo-
ring (1C), der straekker sig i en aksial retning i ventilhuslegemet (1B), og en
fagrste arbejdsport (30), en anden arbejdsport (34), en tilfgrselsport (S), der
omfatter en fgrste tilfgrselsport (31) og en anden tilfgrselsport (33), og en
returport (R), der omfatter en fgrste returport (29) og en anden retur-

port (36), som er dannet i ventilhuslegemet (1B),

en hovedventilspole (2), der er anbragt i ventilhusets (1B) hovedventilbo-
ring (1C), og som er forskydelig i hovedventilboringen (1C) med henblik p&
at eendre forbindelsesstatussen mellem hver af de fgrste og anden arbejds-
porte (30, 34) og hver af tilfgrsels- og returportene (S, R), idet hovedventil-
spolen (2) er forskydelig mellem en fgrste hovedventilspoleposition, en mid-
terste hovedventilspoleposition og en anden hovedventilspoleposition med
henblik pd at styre forbindelsesstatussen mellem den fgrste arbejdsport (30)
og hver af den fgrste tilfgrselsport (31) og fgrste returport (33), og forbin-
delsesstatussen mellem den anden arbejdsport (34) og hver af den anden
tilfgrselsport (33) og anden returport (36), idet hovedventilspolen (2) om-
fatter:

et hovedventilspolelegeme (2B), et hovedventilspoleindrehulrum (2C), der
straekker sig i den aksiale retning i hovedventilspolelegemet (2B),

en hovedventilspolevaeg (2W), der omgiver hovedventilspoleindrehulrum-
met (2C),

en indlgbspassage (17), der passerer gennem hovedventilspoleveeg-

gen (2W) i en retning, som krydser den aksiale retning, og som er konfigu-
reret til den anden arbejdsport (34), og

en udlgbspassage (TP), der passerer gennem hovedventilspolevaeggen (2W)
i en retning, som krydser den aksiale retning, og som har et indlgb (TP1)
mod hovedventilspoleindrehulrummet (2C) og et udlgb (TP2) mod ventilhus-
legemet (1B), og

en kontravaegtsventilspole (3), der er anbragt i hovedventilspolens (2) ho-
vedventilspoleindrehulrum (2C), og som er forskydelig i forhold til hoved-
ventilspolen (2) mellem en fgrste kontravaegtventilspoleposition og en an-
den kontraveegtventilspoleposition, idet kontravaegtventilspolen (3) omfat-
ter:

et kontraveegtventilspolelegeme (3B), og
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2

en fgrste kontravaegtventilspolefordybning (23), der er dannet pa en ydre
periferi af kontraveegtventilspolelegemet (3B),

hvor, i en tilstand, hvor kontravaegtventilspolen (3) er i den fgrste kontra-
vaegtventilspoleposition, lukkes hovedventilspolens (2) udlgbspassages (TP)
indlgb (TP1) af kontraveegtventilspolen (3), og

i en tilstand, hvor kontraveegtventilspolen (3) er i den anden kontraveegt-
ventilspoleposition, abnes hovedventilspolens (2) udlgbspassages (TP) ind-
lgb (TP1) af kontraveegtventilspolen (3) gennem kontravaegtventilspo-

lens (3) fagrste kontravaegtventilspolefordybning (23), sdledes at den anden
arbejdsport (34) er i forbindelse med returporten (R) gennem indlgbspassa-
gen (17), der er konfigureret til den anden arbejdsport (34), den fgrste kon-
traveegtventilspolefordybning (23) og udlgbspassagen (TP),

hvor, i en tilstand, hvor hovedventilspolen (2) er i den fgrste hovedventil-
spoleposition, er den fgrste arbejdsport (30) i forbindelse med den fgrste til-
fagrselsport (31), kontraveegtventilspolen (3) er i den anden kontravaegtven-
tilspoleposition, og den anden arbejdsport (34) er i forbindelse med den an-
den returport (36) gennem indlgbspassagen (17), der er konfigureret til den
anden arbejdsport (34), den fgrste kontraveegtventilspolefordybning (23) og
udlgbspassagen (TP),

i en tilstand, hvor hovedventilspolen (2) er i den midterste hovedventilspole-
position, er kontraveegtventilspolen (3) i den fgrste kontraveegtventilspole-
position, og den fgrste arbejdsport (30) og den anden arbejdsport (34) er
frakoblet fra henholdsvis den fgrste tilfgrselsport (31) og den anden tilfgrsel-
sport (33), og

i en tilstand, hvor hovedventilspolen (2) er i den anden hovedventilspolepo-
sition, er kontraveegtventilspolen (3) i den fgrste kontraveegtventilspoleposi-
tion, den fgrste arbejdsport (30) er i forbindelse med den fgrste retur-

port (29), og den anden arbejdsport (34) er i forbindelse med den anden til-
farselsport (33), og kendetegnet ved, at ventilhuset (1) endvidere omfat-
ter et arbejdsporttrykdetektionshulrum (32), der er dannet i ventilhuslege-
met (1B) og 3bent mod hovedventilboringen (1C), og en fgrste tilbagefgr-
selspassage og en anden tilbagefgrselspassage er dannet i hovedventilspo-
len (2), hvor:

nar hovedventilspolen (2) er i den midterste hovedventilspoleposition, brin-
ger hver af den fgrste tilbagefgrselspassage og den anden tilbagefgrselspas-
sage arbejdsporttrykdetektionshulrummet (32) i forbindelse med returpor-
ten (R),
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ndr hovedventilspolen (2) er i den fgrste hovedventilspoleposition, bringer
den fgrste tilbagefgrselspassage arbejdsporttrykdetektionshulrummet (32) i
forbindelse med den fgrste arbejdsport (30), og den anden tilbagefgrsels-
passage er frakoblet fra arbejdsporttrykdetektionshulrummet (32),

ndr hovedventilspolen (2) er i den anden hovedventilspoleposition, bringer
den anden tilbagefgrselspassage arbejdsporttrykdetektionshulrummet (32) i
forbindelse med den anden arbejdsport (34), og den fgrste tilbagefgrsels-
passage er frakoblet fra arbejdsporttrykdetektionshulrummet (32).

2. Ventil ifglge krav 1, hvor:

udlgbspassagen omfatter en flerhed af deludlgbspassager, der er arrangeret i den
aksiale retning, saledes at jo stgrre en afstand, som kontravaegtventilspolen glider
i en retning fra den fgrste kontraveegtventilspoleposition mod den anden kontra-
vaegtventilspoleposition, er, jo flere deludlgbspassager dbnes.

3. Ventil ifglge krav 1, hvor:
hovedventilspolens (2) hovedventilspoleindrehulrum (2C) omfatter: fgrste
og anden hovedventilspoleindrehulrum (2C1, 2C2), der straekker sig i den
aksiale retning i hovedventilspolelegemet (2B), en hovedventilspoleindrehul-
rumsskillevaeg (2P) mellem de fgrste og anden hovedventilspoleindrehul-
rum (2C1, 2C2), et hovedventilspoleindrehulrumsskillevaegsgennemgaende-
hul (9), der er dannet i hovedventilspoleindrehulrumsskilleveeggen (2P) og
bringer det fgrste hovedventilspoleindrehulrum (2C1) i forbindelse med det
andet hovedventilspoleindrehulrum (2C2), og et kontravaegtventilfjederhul-
rum (20), der streekker sig fra det andet hovedventilspoleindrehulrum (2C2)
i en retning veek fra det fgrste hovedventilspoleindrehulrum (2C1),
kontravaegtventilspolen (3) er anbragt i hovedventilspolens (2) andet ho-
vedventilspoleindrehulrum (2C2) og har en fgrste ende (3E1), der er tilstg-
dende hovedventilspolens (2) hovedventilspoleindrehulrumsskilleveeg (2P),
og en anden ende (3E2), der er modstaende den fgrste ende (3E1),
idet ventilen (1) endvidere omfatter:
et kontraveegtventilfjederseede (4), der er anbragt i hovedventilspolens (2)
kontraveaegtventilfjederhulrum (20) og har en ende (4E), der vender mod
kontravaegtventilspolen (3), og
en kontravaegtventilfjeder (5, 6), der er anbragt i hovedventilspolens (2)
kontravaegtventilfjederhulrum (20) og konfigureret til at pafgre en kraft pa
kontravaegtventilfijedersaedet (4) med henblik pd at forspaende kontraveegt-
ventilfjedersaedet (4) mod kontravaegtventilspolen (3), sdledes at
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4

kontraveegtventilfjederseedets (4) ende ligger an mod kontravaegtventilspo-
lens anden ende (3E2) og pafgrer en skubbekraft p3 kontravaegtventilspo-
len (3) i en retning fra den anden kontravaegtventilspoleposition mod den
farste kontraveegtventilspoleposition.

4. Ventil ifglge krav 3, hvor:
kontraveegtventilfjederseedet (4) omfatter: et hoved (4H), hvis ende vender
mod kontraveegtventilspolen (3), og en stang (4S), der er indfgrt i kontra-
vaegtventilfjederen (5, 6), og
hovedventilspolen (2) endvidere omfatter en prop (7), der lukker en ende af
hovedventilspolens (2) hovedventilspoleindrehulrum (2C), og som er konfi-
gureret til at begreense, ved et anleeg mod kontravaegtventilfjedersee-
dets (4) stang (4S), en afstand, som kontraveegtventilfjederseedet (4) gli-
der, og dermed en afstand, som kontraveegtventilspolen (3) glider i en ret-
ning fra den fgrste kontravaegtventilspoleposition mod den anden kontra-
vaegtventilspoleposition.

5. Ventil ifglge krav 3, hvor:

den fgrste tilbagefgrselspassage omfatter et fgrste arbejdsporttrykoptagelses-

hul (21), der passerer gennem hovedventilspolens (2) hovedventilspolevaeg (2W)
i en retning, som krydser den aksiale retning, og som er abent mod det fgrste ho-
vedventilspoleindrehulrum (2C1), i den tilstand, hvor hovedventilspolen (2) i ho-
vedventilboringen (1C) er i den fgrste hovedventilspoleposition, er det fgrste ar-
bejdsporttrykoptagelseshul (21) i forbindelse med den fgrste arbejdsport (30), sa-
ledes at den fgrste arbejdsport (30) er i forbindelse med hovedventilspolens (2)
fgrste hovedventilspoleindrehulrum (2C1) gennem det fgrste arbejdsporttrykopta-
gelseshul (21).

6. Ventil ifglge krav 5, hvor:

den fgrste tilbagefgrselspassage endvidere omfatter et fgrste arbejdsporttryktilba-
gefgrselshul (26), der passerer gennem hovedventilspolens (2) hovedventilspole-
vaeg (2W) i en retning, som krydser den aksiale retning, og som er 8bent mod det
farste hovedventilspoleindrehulrum (2C1), i den tilstand, hvor hovedventilspo-

len (2) i hovedventilboringen er i den fgrste hovedventilspoleposition, er det fgr-
ste arbejdsporttryktilbagefagrselshul (26) i forbindelse med arbejdsporttrykdetekti-
onshulrummet (32), saledes at arbejdsporttrykdetektionshulrummet (32) er i for-
bindelse med den fgrste arbejdsport (30) gennem det fgrste arbejdsporttryktilba-
gefagrselshul (26), det fgrste hovedventilspoleindrehulrum (2C1) og det fgrste
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arbejdsporttrykoptagelseshul (21).

7. Ventil ifglge krav 5, hvor:
hovedventilspoleindrehulrumsskillevaegsgennemgdendehullet (9) er et deemp-
ningshul, i den tilstand, hvor hovedventilspolen (2) i hovedventilboringen (1C) er i
den fgrste hovedventilspoleposition, er en dbningskraft, der pafgres kontravaegt-
ventilspolen (3) gennem dampningshullet ved hjeelp af et tryk i det fgrste hoved-
ventilspoleindrehulrum (2C1), stgrre end en kraft, der pafgres kontravaegtventil-
spolen (3) ved hjeelp af kontravaegtventilfjederen(5, 6), sdledes at kontravaegt-
ventilspolen (3) tvinges til at beveege sig fra den fgrste kontravaegtventilspolepo-
sition mod den anden kontraveegtventilspoleposition.

8. Ventil ifglge krav 6, hvor:
i den tilstand, hvor hovedventilspolen (2) i hovedventilboringen (1C) eri den
midterste hovedventilspoleposition, er det fgrste arbejdsporttryktilbagefar-
selshul (26) i forbindelse med arbejdsporttrykdetektionshulrummet (32), og
det fagrste arbejdsporttrykoptagelseshul (21) er i forbindelse med den fgrste
returport (R), sdledes at arbejdsporttrykdetektionshulrummet (32) er i for-
bindelse med den fgrste returport (R) gennem det fgrste arbejdsporttryktil-
bagefgrselshul (26), det fgrste hovedventilspoleindrehulrum (2C1) og det
fagrste arbejdsporttrykoptagelseshul (21),
i den tilstand, hvor hovedventilspolen (2) er i den anden hovedventilspole-
position, lukkes det fgrste arbejdsporttryktilbagefgrselshul (26) af ventilhus-
legemet (1B), sdledes at det fgrste arbejdsporttryktilbagefgrselshul (26) fra-
kobles fra arbejdsporttrykdetektionshulrummet (32), og det fgrste hoved-
ventilspoleindrehulrum (2C1) er i forbindelse med den fgrste returport (R)
gennem det fgrste arbejdsporttrykoptagelseshul (21).

9. Ventil ifglge krav 5, hvor:

den anden tilbagefgrselspassage omfatter et andet arbejdsporttrykoptagelses-
hul (8), der passerer gennem hovedventilspolens (2) hovedventilspolevaeg (2W) i
en retning, som krydser den aksiale retning, og som er 3bent mod kontravaegt-
ventilfjederhulrummet (20), der er et mellemrum mellem kontravaegtventilspo-
len (3) og en indvendig veeg af hovedventilspolens (2) kontraveegtventilfjederhul-
rum (20), og nar kontravaegtventilspolen (3) er i hver af den fgrste kontravaegt-
ventilspoleposition og den anden kontravaegtventilspoleposition, er kontravaegt-
ventilfjederhulrummet (20) i forbindelse med det andet
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arbejdsporttrykoptagelseshul (8) gennem mellemrummet.

10. Ventil ifglge krav 9, hvor:

en kontravaegtventilfjedersaaedefordybning (25) er dannet ved en endeoverflade af
kontravaegtventilfjedersaedets (4) ende p3 en ydre periferi af kontraveegtventilfje-
dersaedets ende, og kontravaegtventilfjederseedefordybningen (25) er i forbindelse
med mellemrummet med henblik pa at udggre en del af kontravaegtventilfjeder-
hulrummet (20).

11. Ventil ifglge krav 9 eller 10, hvor:
den anden tilbagefgrselspassage endvidere omfatter et andet arbejdsport-
tryktilbagefgrselshul (27), der passerer gennem hovedventilspolens (2) ho-
vedventilspolevaeg (2W) i en retning, som krydser den aksiale retning,
den anden tilbagefgrselspassage endvidere omfatter: et kontravaegtventil-
spoleforbindelseshul (15C), der er dannet i kontraveegtventilspolelege-
met (3) i en retning, som krydser den aksiale retning, og et kontraveegtven-
tilspoleaksialhul (15), der er dannet i kontravaegtventilspolelegemet (3B) i
det vaesentlige i aksial retning, og som er i forbindelse med kontravaegtven-
tilspoleforbindelseshullet (15C),
den anden tilbagefgrselspassage endvidere omfatter en kontraveegtventilfje-
dersaederille (16), der er dannet ved en endeoverflade af kontravaegtventil-
fjederseedets (4) ende, og som straekker sig i en retning, der krydser den
aksiale retning, idet kontravaegtventilfjederseederillen (16) er i forbindelse
med bade kontravaegtventilspoleaksialhullet (15) og kontravaegtventilfjeder-
hulrummet (20).

12. Ventil ifglge krav 11, hvor:

i den tilstand, hvor hovedventilspolen (2) i hovedventilboringen (16) er i den
midterste hovedventilspoleposition, er kontravaegtventilspolen (3) i den fgr-
ste kontravaegtventilspoleposition, det andet arbejdsporttryktilbagefgrsels-
hul (27) er i forbindelse med bade arbejdsporttrykdetektionshulrummet (32)
og kontraveegtventilspoleforbindelseshullet (15C), og det andet arbejdsport-
trykoptagelseshul (8) er i forbindelse med den anden returport (36), s3ledes
at arbejdsporttrykdetektionshulrummet (32) er i forbindelse med den anden
returport (36) gennem det andet arbejdsporttryktilbagefgrselshul (27), kon-
traveegtventilspoleforbindelseshullet (15C), kontraveegtventilspoleaksialhul-
let (15), kontravaegtventilfjedersaederillen (16), kontraveegtventilfjederhul-
rummet (20) og det andet arbejdsporttrykoptagelseshul (8),
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kontravaegtventilspolen (3) fortrinsvis endvidere omfatter: en anden kontra-
vaegtventilspolefordybning (22), der er dannet p3 den ydre periferi af kon-
traveegtventilspolelegemet (3B), kontravaegtventilspoleforbindelseshul-

let (15C) bringer den anden kontraveegtventilspolefordybning (22) i forbin-
delse med kontravaegtventilspoleaksialhullet (15), og i den tilstand, hvor ho-
vedventilspolen i hovedventilboringen er i den midterste hovedventilspole-
position, er det andet arbejdsporttryktilbagefgrselshul (27) i forbindelse med
kontravaegtventilspoleforbindelseshullet (15C) gennem den anden kontra-
veegtventilspolefordybning (22).

13. Ventil ifglge krav 11, hvor:

i den tilstand, hvor hovedventilspolen (2) i hovedventilboringen (1C) eri den
fgrste hovedventilspoleposition, er kontravaegtventilspolen (3) i den anden
kontravaegtventilspoleposition, saledes at kontravaegtventilspolens (3) an-
den ende (3E2) treenger ind i kontraveegtventilfjederhulrummet (20), kon-
traveegtventilfjederhulrummet (20) er i forbindelse med den anden retur-
port (36) gennem et mellemrum mellem kontraveegtventilfjedersasedet (4)
og hovedventilspolens (2) kontraveegtventilfjederhulrums (22) indvendige
vaeg, mellemrummet mellem kontraveegtventilspolen (3) og hovedventilspo-
lens (2) kontraveegtventilfjederhulrums (20) indvendige veeg, og det anden
arbejdsporttrykoptagelseshul (8), og

i den tilstand, hvor hovedventilspolen (2) i hovedventilboringen (1C) eri den
farste hovedventilspoleposition, lukkes det andet arbejdsporttryktilbagefgr-
selshul (27) af ventilhuslegemet (1B), s3ledes at det andet arbejdsporttryk-
tilbagefgrselshul (27) frakobles fra arbejdsporttrykdetektionshulrum-

met (32).

14. Ventil ifglge krav 11, hvor:

i den tilstand, hvor hovedventilspolen (2) i hovedventilboringen (1C) eri den
anden hovedventilspoleposition, er det andet arbejdsporttryktilbagefgrsels-
hul (27) i forbindelse med b3de arbejdsporttrykdetektionshulrummet (32)
og kontraveegtventilspoleforbindelseshullet (15C), og det andet arbejdsport-
trykoptagelseshul (8) er i forbindelse med den anden arbejdsport (34), sale-
des at arbejdsporttrykdetektionshulrummet (32) er i forbindelse med den
anden arbejdsport (34) gennem det andet arbejdsporttryktilbagefgrsels-

hul (27), kontravaegtventilspoleforbindelseshullet (15C), kontravasgtventil-
spoleaksialhullet (15), kontraveegtventilfjedersaederillen (16), kontravaegt-
ventilfjederhulrummet (20) og det andet arbejdsporttrykoptagelseshul (8),
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kontravaegtventilspolen (3) fortrinsvis endvidere omfatter: en anden kontra-
vaegtventilspolefordybning (22), der er dannet pa den ydre periferi af kon-
traveegtventilspolelegemet (3B), kontravaegtventilspoleforbindelseshul-

let (15C) bringer den anden kontravaegtventilspolefordybning (22) i forbin-
delse med kontravaegtventilspoleaksialhullet (15), og i den tilstand, hvor ho-
vedventilspolen (2) i hovedventilboringen (1C) er i den anden hovedventil-
spoleposition, er det andet arbejdsporttryktilbagefgrselshul (27) i forbin-
delse med kontraveaegtventilspoleforbindelseshullet (15C) gennem den anden
kontravaegtventilspolefordybning (22).

15. Hydraulisk system (200), der omfatter:
ventilen (10) ifglge krav 1.
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