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CROSS-REFERENCE TO RELATED APPLICATION(S)

This application is being filed on November 20, 2014, as a PCT
International Patent application and claims priority to U.S. Patent Application Serial No.
61/909,428 filed on November 27, 2013, the disclosure of which is tncorporated herein by

reference in its entirety.

BACKGROUND

Valve asseroblics are used in various applications. Example of the valve
asscrnblies inchides a hydraulic feedback valve system acting as a flow amplifier. The
valve body of the hydrackc feedback valve system may operate to amplify a small pilot
flow through a feedback passage that forms part of a feedback control cireuit. A small
proportional valve in the feedback control circuit of the valve system permits handling of
large flows passing through the system.

Such a hydraulic feedback valve system is primarily used to control flow
through the system 1o one direction. In some applications, it is desired to have a valve
system that 1s capable of selectively controlling flow in a reverse direction. Although
some valve assemblies have introduced valve arrangements to control flow in a reverse

direction, it 1s only available with relatively significant design changes in the valve bodies.

SUMMARY

The present disclosure relates generally to a valve system. In one possible
configuration and by non-limiting example, the valve systen inclades a valve arrangement
for controlling flow both n a normal divection and in a reverse divection,

In one embodiment, the valve system includes a valve housing, a valve
body or spool, and a8 valve control arrangement. The valve housing defines a valve bore
and first and second ports in fluid communication with the valve bore.  The valve body is
movably accommodated within the valve bore to control fluid comrounication through the
valve bore between the first and second ports. The valve body can move to a close
position within the valve bore where fluid commumnication is closed between the first and
sccond ports through the valve bore. In particular, the vaive body is arranged within the
valve bore and movable within the valve bore along a longitudinal axis of the valve bore

to control floid commumication through the valve bore between the first and second ports.
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For this operation, the valve body may move between an open position where the valve
body opens fluid communication through the valve bore between the first and second
ports, and a closed position where fluid conumumnication through the valve bore betwee
the first and second ports is elosed.

The valve arrangement can operate tn four modes of operation. The fivst
and second modes are operable when an operating pressure at the first port is greater than
an operating pressure at the second port. In the first mode, the operating pressure from the
first port interacts with the valve body to retain the valve body in the closed position
within the valve bore. In the second mode, the position of the valve body within the valve
bore is controlled to provide a controlled rate of flow through the valve bore from the first
port 1o the second port. The third and fourth modes are operable when the operating
pressure at the sccond port is greater than the operating pressure at the first port. In the
third mode, the operating pressure from the second port interacts with the valve body to
retain the valve body in the closed position within the valve bore. In the fourth mode, the
operating pressure from the second port interacts with the valve body to move the valve
body away from the closed position {that is, to move into the open position) within the
valve bore when the operating pressure of the second port exceeds the operating pressure
of the first port by a predetermined amount. In the fourth mode, flow is permitied through
the valve bore from the second port to the first port when the valve body is moved away
from the closed position.

In some embodiments, the valve bore extends between first and second
ends of the valve bore, and the first port 1s arranged at the second end of the valve bore
and the second port is arranged at a side of the valve bore. The valve body includes a first
end adjacent the first end of the valve bore and a second end adjacent the second end of
the valve bore, and the first end of the valve body that cooperates with the valve housing
defines a control chamber at the first end of the valve bore.

The first end of the valve body may include a first land having a first end
face and a second land having & sccond end face. The first land may have a larger
diameter than the second land, and the second end face may have a smaller surface area
than the first end face.

The valve body may also inclhude a valve stem extending between the first
and second ends of the valve body, or between the first and second lands of the valve

body, and is arranged to be in gencral alignment with the second port.

o
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The second end, or the second land, of the valve body may be configured to
sclectively close the first port to prevent fluid communication through the valve bare
between the first and second potts in the closed position.

In other embodiments, the valve body may define a control flow passage
extending through the valve body for providing fluid conmmuanication between the first port
and the control chamber.

The condrol flow passage may include a flow metering portion adjacent the
first end of the valve body for metering flow through the contrel flow passage based on a
position of the valve body within the valve bore. The flow metering portion may be
configured to increase a cross-sectional passage arca of the control flow passage as the
valve body moves toward the control chamber and decrease the cross-sectional passage
arca of the control flow passage as the valve body moves away from the control chamber.

In still other embodiments, the valve system may include first and second
flow paths, cach extending from the conirol chamber to the second port. The valve system
may forther inchude a pilot valve positioned along the first flow path. The pilot valve is
operable in a first state where the pilot valve closes fluid comumunication between the
contrel chamber and the second port along the first flow path and in 2 second state where
the pilot valve opens thud compumication between the control chamber and the second
port along the first flow path. The pilot valve may be proportionally controlled in the
second state to provide a controlied flow rate through the first flow path from the control
chamber 1o the second port.

In further embodiments, the valve system may include a reversing flow
conirol valve positioned along the second flow path. The reversing flow control valve
may be operable in a first state where the reversing flow contrel valve is open to allow
fluid flow therethrough and in a second state where the reversing flow control valve is
closed to prevent fluid flow therethrough.

The valve system may inchide a one-way check valve positioned along the
second tlow path. The onc-way check valve is configured and arranged to allow fluid
flow through the second flow path in a divection from the second port to the control
chamber and prevent fhud flow through the second flow path in a divection from the
conirol chamber to the sccond path.

When the valve system is operating in the first mode of operation, the pilot
valve is operated in the first state. In this mode, the operating pressure from the first port

prossurizes the control chamber and acts on the first end of the valve body to retain the
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valve body in the closed position within the valve bore. When the valve system is
operating in the second mode, the pilot valve is operated in the second state to reduce the
pressine in the control chamber such that the valve body moves away from the closed
position within the valve bore and provides a controlied rate of flow through the valve
bore from the first port to the second port.

When the valve system is operating in the third mode, the pilot valve is
operated in the fust state, and the reversing flow control valve is operated in the first state.
In this mode, the operating pressure from the second port pressurizes the control chamber
and acts on the first end of the valve body to retain the valve body in the closed position
within the valve bore.

When the valve system is operating in the fourth mode, the pilot valve is
operated in the first state, and the reversing flow control valve is operated in the second
statc. To this mode, the operating pressure from the sccond port interacts with the valve
body to move the valve body away from the closed position when the operating pressure
of the second port exceeds the operating pressure of the first port by a predetermined
amount, so that flow is permitted through the valve bore from the sccond port to the first
port when the valve body moves away from the closed position. To some embodiments,
the predetermined amount is associated with a resulting force exerting on the valve body
by the operating pressuves from the first and second ports. The predetermined amovmnt
may be modified by a various factors such as design of the valve system inchuding the

shape or dimension of the valve body.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic, cross-sectional view of an example valve system in g
first mode of operation thercot.

FIG. 2 1s a schematic, cross-sectional view of the valve system of FIG. I in
a second maode of operation,

FIG. 3 is a schematic, cross-sectional view of the valve system of FIG. |
still in the second mode of operation.

FIG. 4 is a schematic, cross-sectional view of the valve system of FIG. T in
a third mode of operation.

FIG. 5 is a schematic, cross-sectional view of the valve system of FI(G. 1 in

a fourth mode of operation,

PCT/US2014/066539
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DETAILED DESCRIPTION

Various embodiments will be described in detaif with reference to the
drawings, whercin like reference numerals represent like parts and assemblies throughout
the several views. Reference to various embodiments does not limit the scope of the
claims attached hereto. Additionally, any examples set forth in this specification are not
intended to be limiting and merely set forth some of the many possible embodiments for
the appended clatmos.

FIG. 115 a schematic, cross-sectional view of an example valve system ina
first mode according to the present disclosure. The valve system 10 s configured as a2
hydraulic fluid control valve for controlling a flow of a pressurized thitd between two
ports defined in the valve system.  In this example, the valve system 10 includes a main
stage valve 12, a pilot valve 60, a reversing flow control valve 70, and a one-way check
valve 80.

The main stage valve 12 includes a valve housing 14 that defines a valve
bore 16. The valve bore inchudes a first end 18 and a second end 20 thereof and extends
along its longitudinal axis or valve bore axis between the first end 18 and the second end
20. The valve housing 14 also includes a first port 22 located at the fust end 18 and a
second port 24 located at a side of the valve bore 16,

The main stage valve 12 also includes a valve body or spool 26, The valve
body or spool 26 is moveably accommodated within the valve bore 16, The spooi 26 is
contigured to be displaceable within the valve bore 16 along the longitudinal axis of the
valve bore 16. The relative position of the spool 26 within the valve bore 16 determines a
main flow between the first port 22 and the second port 24 in different operational modes
as explatned below. The spool 26 may be of differcot types. In this example, the spool 26
1s of the seat valve type or poppet valve type, having a head 28 at a first end of the spool
26 adjacent the first end 18 of the valve bore 16 and a closing member 30 at a second end
of the spool 26 adjacent the second end 20 of the valve bore 16, In this example, the head
2% and the closing member 30 are configured to be disc-shaped. However, cobodimends
of the spool of the present invention may have any types suitable for opening or closing of
the main flow.

The head 28 of the spool 26 includes a first land 32 having a first end face
36. The closing member 30 of the spool 26 includes a second land 34 having a second end
face 38, The first land 32 is configured to have a larger diameter than the second land 34,

The second end face 38 has a smaller surface area than the first end face 36. The spool 26

PCT/US2014/066539
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also tnclades a valve stem 42 extending between the first land 32 and the second land 34
along the longitudinal axis of the valve bore 16. In this cxample, the valve stem 42 can
have a sroaller diameter than the fivst land 32 and the second land 34, The valve stonm 42
has a groove 43 that surrounds the valve stem 42, In other embodiments, the valve stem
42 can have different shapes depending on the design of the valve system 10

The main stage valve 12 inchides a control chamber 40 that is defined by
the valve housing 14 and the first end face 36 of the first land 32 at the first end 18 of the
valve bore 16. The sceond end face 38 of the second land 34 is arranged to face toward
the first port 22.

The spool 26 inchudes a control flow passage 50 defined therein for
mmplementing a feedback control circuat between the first port 22 and the control chamber
40. The control flow passage 50 extends through the spool 26 and provides fluid
conununication between the first port 22 and the control chamber 40. The conirol flow
passage 50 is configured as a feedback duct 52 extending through the spool 26 between an
indet 54 and an outlet 56. The inlet 54 is formed in the second land 34 of the spool 26 at
the second end of the spool 26. The outlet 56 is arranged in a peripheral surface of the
first land 32 of the spool 26 adjacent the fivst end of the spool 26, The outlet 56 may be
configured as a longitudinal aperture or slot. Thus, the feedback control circutt begins
from the first port 22 into the tnlet 54, extends through the feedback duct 52 to the outlet
36, and reaches the control chamber 40 out of the outlet 56, As explained below, the
feedback countrol circuit continues 1o a pilot valve 60 and further extends from the pilot
valve 60 into the second port 24 via a first flow path 62.

The outlet 56, together with a metering edge 58 defined by the valve
housing 14, forms a variable orifice or flow metering portion adjacent the first end of the
spool 26 in the control chamber 40. The flow metering portion operates to meter flow
throvgh the control flow passage S0 based on a posttion of the spool 26 within the valve
bore 16. The flow meiering portion increascs a cross-sectional passage area of the control
flow passage 50 as the spool 26 moeves toward the control chamber 40, thereby permitting
for increased flow between the control chamber 40 and the first port 22, In contrast, the
flow metering portion decreases the cross-section passage area of the control flow passage
50 as the spool 26 moves away from the control chamber 40, thereby decreasing fluid flow
between the control chamber 40 and the first port 22,

The spool 26 may move between an open position and a closed position

within the valve bore 16, When the spool 26 is in the open position, the second land 34 of
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the spool 26 opens fluid commumication through the valve bore 16 between the first port
27 and the sccond port 24. When the spool 26 is in the closed position, the second land 34
of the spool 26 closes fluid communication through the valve bore 16 between the first
port 22 and the second port 24. When the spool 26 is 1n the closed position, the outlet 56
of the control flow passage SO is almost, but not entirely, closed. Although the spool 26 is
in the closed position, the outlet 56 is partially exposed over the metering edge 58 o the
control chamber 40 (that is, the flow metering portion s openy, and thus the control tlow
passage 50 still remains open and mamtains the feedback control circuit.

The pilot valve 60 is arranged along the first flow path 62 extending from
the control chamber 40 to the second port 24, The pilot valve 60 may operate between
first state and a second state. In the first state, the pilot valve 60 closes fluid
commnnication between the control chamber 40 and the second port 24 via the first flow
path 62 (see FIG. 1). Inthe second state, the pilot valve 60 gradually opens fluid
conununication along the first flow path 62 and provides a controlled flow rate via the furst
flow path 62 from the control chamber 40 1o the second port 24 (see FIG. 2). As a default
setting, the pilot valve 60 may be in the first state (the closed state) when it is in a de-
energized state (sec FIG. 1), and may be in the second state {the open state) when it is in
an energized state (sce FIG. 2). To switch the pilot valve 60 into the sccond state, in some
embodiments, an input signal, such as an electric current, is supplied to a solencid in the
pilot valve 60 to gradually move a valve spool 64 from the first state as shown in FIG. 1 1o
the right into the second state, which is a gradually opened state of the pilot valve 60, In
some embodiments, the pilot valve 60 is configured to open in proportion to the amount of
the input signal supplied to the pilot valve 60.

The reversing flow control valve 70 1s arranged along 2 second flow path
72 extending between the control chamber 40 and the second port 24, The reversing flow
control valve 70 may operate between a first state and a second state. In the first state, the
reversing flow control valve 70 is open to allow fluid flow from the second port 24 to the
control chamber 40 via the second flow path 72, In the second state, the reversing flow
control valve 70 1s closed to prevent thad flow through the second flow path 72, Asa
default setting, the reversing flow control valve 70 may be in the first state (the open state)
when it is in a de-cnergized state, and may be o the sccond state (the closed state) when it
1 in an energized state.

The one-way check valve 80 is positioned along the second flow path 72.

The ong-way check valve 80 is configured to allow fluid flow through the sccond flow
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path 72 n a divection from the second port 24 to the control chamber 40, and prevents
fluid flow via the sccond flow path 72 in the opposite direction, that is, in a direction from
the control chamber 40 to the second port 24.

The valve system 10 according to the present disclosure may operate n
four different operating modes. The first and second modes of operation are sclectable
when a first operating pressure (P1), a pressure of fluid flow at, or from, the first port 22,
is greater than a second operating pressure (P2), a pressure of fluid flow at, or from, the
second port 24, The third and fourth modes are operable when the second operating
pressure (P2) 1s greater than the first operating pressure {P1). Each of the four operating
modes is hercinafter explained.

[The First Mode of Operation]

Torning back to FIG. 1, the valve system 10 is operating in the first
operating mode where the spool 26 remains in the closed position within the valve bore 16
while the first operating pressure (P1) is greater than the sccond operating pressure (P2).
Therefore, the spool 26 prevents fluid from Howing through the valve bore 16 between the
first port 22 and the second port 24, In the first mode of operation, the pilot valve 60 is in
the first state where it closes fluid conununication between the control chamber 40 and the
second port 24 via the first flow path 62, In the first mode, the reversing flow control
valve 70 may be either in the first state or in the second state. Ahthouogh the reversing flow
control valve 70 s in the first state (see FIG. 1) where it opens floid communication
between the control chamber 40 and the second port 24 via the second flow path 72, fluid
flow does not occur from the control chamber 40 with the first operating pressure (P1) to
the second port 24 with the second operating pressure (P2), which is lower than the first
operating pressure (P1), because of the one-way check valve 80 along the second flow
path 72,

In the first mode of operation, the first operating pressure (P 1) from the
first port (22) pressurizes the control chamber 40 through the control flow passage 50 and
acts on the first end face 36 of the spool 26, thereby retaindng the spool 26 1o the closed
position within the valve bore 16, Tn particular, the fivst operating pressure {(P1) in the first
port 22 is communicated to the control chamber 40 via the feedback duct 52 of the control
flow passage 50 and the outlet 56 exposed over the metoring edge 58. Because the first
end face 36 of the first land 32 presented to the first operating pressure (P1) is larger in the
control chamber 40 than the second end face 38 of the sccond land 34 presented to the first

operating pressure (P1), and the sccond operating pressure (P2) acting on the surface of
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the spool 26 presented in the second port 24 is relatively low, the spool 26 remains seated
on the first port 22 (that is, the closed position) as illustrated in FIG. 1.

[ The Second Mode of Operation]

FIGS. 2 and 3 illustrate the second mode of operation of the valve system
10 of FIG. 1. In the second mode, the spool 26 moves into the open position within the
valve bore 16, thercby opening fluid communication via the valve bore 16 between the
first port 22 and the second port 24. Because the first operating pressure (P1) is greater
than the second operating pressure (P2), fhiid flow occors from the first port 22 o the
sccond port 24 via the valve bore 16 when the spool 26 is in the open position. To switch
from the first mode to the sccond mode, the pilot valve 60 is controlied to shift from the
first state, in which fluid communication is closed between the control chamber 40 and the
second port 24 via the first flow path 62, to the second state. In the sccond state of the
pilot valve 60, the pilot valve 60 is gradually controlied to provide a controlled flow rate
via the first flow path 62 from the control chamber 40 to the sccond port 24, Theretore,
the control chamber 40 is gradually opened to the second port 24 that has a lower pressure
(the second operating pressure (P2)} than in the first port 22 with the first operating
pressie (P1). The pressure in the control chamber 40 then decreases and causes the speol
26 to move away from its closed position and toward into the control chamber 40 and
open the first port 22 to the second port 24 through the valve bore 16. The pressure in the
control chamber 40 will then adjust to a level between the pressuores in the first port 22 and
the second port 24, resulting in the spool 26 being balanced by equal vesulting, opposite
forces exerting on the first end face 36 of the spool 26 exposed to the control chamber 40
and on the rest of the surface of the spool 26 exposed to the first and secound ports 22 and
24. As the pilot valve 60 is further opened, the pressure again decreases in the conirol
chamber 40, resulting in the spool 26 moving further into the control chamber 40. The
position of the spool 26 within the valve bore 16 depends on a particolar design of the
valve system 10 including the outlet 56 of the control flow passage 50 and the degree of
opening of the pilot valve 60,

In the second mode of operation, the reversing flow control valve 70 may
be cither in the first state {as shown in FIG. 3) or in the second state {as shown in FIG. 2}
because fluid will not flow in any direction betwoeen the control chamber 40 and the
second port 24 regardless of the state of the reversing flow control valve 70. Ags in the first
mode of operation, the sccond operating pressure (P2) lower than the first operating

prossure (P 1) and the operation of the one-way check valve 80 prevents thuid flow from
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the control chamber 40 to the second port 24 although the reversing flow conirol valve 70
is in the first state (the opened state) as shown in FIG. 3.

i The Third Mode of Operation]

FIG. 4 illustrates the third mode of operation of the valve system 10 of FIG.
I. The third mode is operable when the second operating pressure (P2) s greater than the
first operating pressure (P1). In the third mode, the pilot valve 60 is operated in s first
statc where the pilot valve 60 closes fluid communication between the control chamber 40
and the second port 24 via the first flow path 62, and the reversing flow control valve 70 1s
operated in its first state where the reversing flow control valve 70 opens {fluid
communication between the control chamber 40 and the second port 24 via the second
flow path 72. Because the one-way check valve 80 allows fluid flow through the second
flow path 72 from the second port 24 1o the control chamber 40, fluid can flow through the
second tlow path 72 from the second port 24 to the control chamber 40. Thercfore, the
second operating pressure (P2) from the second port 24 pressurizes the control chamber 40
through the second flow path 72 and acts on the first end face 36 of the spool 26, thereby
retaining the spool 26 in the closed position within the valve bore 16, In particular, the
sccond operating pressure (P2) in the second port 24 18 commumnicated to the condrol
chamber 40 via the second flow path 72, Because the second operating pressure (P2) 1s
greater than the first operating pressure (P1}, the spool 26 remains seated on the first port
22 (that is, the closed position) as illostrated in FIG. 4.

[ The Fourth Mode of Operation]

FIG. 3 illustrates the fourth mode of operation of the valve system 10 of
FiGG. 1. The fourth mode is operable when the second operating prossure (P2) is greater
than the first operating pressure (P1). In the fourth mode, the pilot valve 60 1s operated in
its first state where the pilot valve 60 closes fluid communication between the control
chamber 40 and the sccond port 24 via the first flow path 62, and the reversing flow
control valve 70 is operated in its second state where the reversing flow control valve 70
closes fluid communication between the contrel chamber 40 and the second port 24 via the
second Hlow path 72, In the fourth mode, the second operating pressure (P2) from the
second port 24 interacts with the surface of the spool 26 exposed to the second operating
pressure (P2) from the sccond port 24 and moves the spool 26 into the open position
within the valve bore 16, thereby opening fhud commumnication via the valve bore 16
between the first port 22 and the second port 24, Becaose the second operating pressure

{P2) is greater than the first operating pressure {P1) in the fourth mode, fluid flow happens
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from the second port 24 to the fivst port 22 via the valve bore 16 when the spool 26 s in
the open position. in the meantime, as the spool 26 moves away from the closed position
{(into the open posttion), fluid also flows from the control chamber 40 through the control
flow passage 50 of the spoel 26 to the first port 22,

In the fourth mode, the first flow path 62 and the second flow path 72 are
all closed and thus the control chamber 40 is not in fluid convmunication with the second
port 24, On the other band, as in the first mode of operation, the first operating pressure
(P1) in the first port 22 1s communicated to the control chamber 40 via the control flow
passage 50. Thus, the first operating pressure (P1} from the first port 22 pressurizes the
contrel chamber 40 through the coutrol flow passage 50 and acts on the fust end face 36 of
the spool 26.

The fourth mode of operation occurs when the second operating pressure
{P2) of the second port 24 exceeds the first operating pressure (P1) of the first port (22) by
a predetermined amount. In pacticular, in the fourth mode, the first operating pressure
(P1} from the first port 22 presses on the first end face 36 of the spool 26 in a downward
direction (in a direction toward the first port 22}, In the meantime, the first operating
pressure (P1) acts on the second end face 38 of the spool 26 10 an upward direction (in a
direction away from the first port 22) (in FIG. §). Furthermore, the second operating
pressure (P2 of the second port 24 acts on the surface of the spoel 26 that is exposed to
the second operating pressure (P2) present within the groove 43 (e.g., the underside of the
first land 32 and the top side of the second land 34). The underside of the first fand 32 has
a larger surface arca than the top side of the second land 34, Therefore, the spooel 26 will
move away from the closed position only when the resulting force in the opposile
directions becomes positive in the upward dircction (in a direction away from the first port
22). In some embodiments, such a predeternuned amount that causes the spool 26 to
move away from the closed position in the fourth mode is determined by various factors
such as a particular design of the valve system 10 inchiding the shape or dimension of the
spool 26,

The above specification, examples and data provide a complete deseription
of the manufacture and ase of the composition of the invention. Since many embodiments
of the invention can be made without departing from the spirit and scope of the invention,

the invention resides in the claims heremafter appended.
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WHAT IS CLAIMED IS:

I. A valve system comprising:
a valve housing defining a valve bore, the valve housing also defining first and
second ports in fhuid communication with the valve bore;

a valve body positioned within the valve bore, the valve body being movable
within the valve bore along a longitudinal axis of the valve bore to contrel fluid
communication through the valve bore between the first and second ports, and the valve
body being movable to a closed position within the valve bore in which fluid
communication through the valve bore between the first and second ports is closed;

a valve control arrangement that is operable in first and second modes when an
operating pressore at the first port is larger than an operating pressure at the sccond port,
wherein when the valve arrangement is operating in the first mode the operating pressure
from the first port interacts with the valve body to retain the valve body in the closed
position within the valve bore, and wherein when the valve arrangement is operating in the
sccond mode the position of the valve body within the valve bore is controlled to provide a
contrelied rate of flow through the valve bore from the first port to the second port; and

the valve control arrangement also being operable in third and fourth modes when
the operating pressure at the second port is larger than the operating pressure at the first
port, wherein when the valve arrangement is operating in the third mode the operating
prossure trom the second port interacts with the valve body o retain the valve body n the
closed position within the valve bore, and wherein when valve arrangement s operating in
the fourth mode the operating pressure from the second port interacts with the valve body
to move the valve body away from the closed position within valve bore when the
operating pressure of the second port exceeds the operating pressure of the first portby a
predetermined amount, wherein flow is permitted through the valve bore from the second

port to the first port when the valve body is moved away from the closed position.

2. The valve system of claim 1, wherein the valve bore extends between first and
second ends of the valve bore, and wherein the first port is arranged at the second end of
the valve bore and the second port is arranged at a side of the valve bore,

wherein the valve body inchudes a first end adjacent the first end of the valve bore

and a second end adjacent the second end of the valve bore, and
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wherein the first end of the valve body that cooperates with the valve housing

defines a control chamber at the first end of the valve bore.

3. The valve system of claim 2, wherein the first end of the valve body includes a first
land having a first end face and a second land having a second end face, wherein the first
land has a larger diameter than the second land, and wherein the second end face has a2

smaller surface area than the first end face.

4. The valve system of claim 2, wherein the valve body includes a siem extending
between the first and second cuds of the valve body and being o general alignment with
the second port,

3. The valve system of ¢laim 2, wherein the second end of the valve body closes the
first port to prevent fluid conmunication through the valve bore between the first and

second ports in the closed position.

6. The valve system of claim 2, wherein the valve body defines a control flow
passage extending through the valve body for providing floid conmunication between the

first port and the control chamber.

7. The valve system of claim 6, wherein the control flow passage includes a flow
metering portion adjacent the first end of the valve body for metering flow through the
control flow passage based on a position of the valve body within the valve bore.

8. The valve system of claim 7, wherein the flow metering portion inereases a cross-
sectional passage area of the control flow passage as the valve body moves toward the
control chamber and decreases the cross-sectional passage arca of the control flow passage

as the valve body moves away from the control chamber,

9. The valve system of claim 2, further comprising a pilot valve positioned along a
first flow path extending from the control chamber to the second port, wherein the pilot
valve is operable in a first state where the pilot valve closes fluid communication between

the control chamber and the sccond port along the fivst flow path and in a second state
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where the pilot valve opens fhild commumication between the control chamber and the

sccond port along the fivst flow path.

10, The valve system of claim 9, wherein the pilot valve is proportionally controlled in
the second state to provide a controlled flow rate through the first flow path from the

control chamber o the second port.

11, The valve system of claim 9, further comprising a reversing flow control valve
positioned along a second flow path extending from the control chamber to the second
port, wherein the reversing tlow control valve is operable in a first state where the
reversing flow control valve s open to allow fhud flow therethrough and in a second state

where the reversing flow contrel valve is closed to prevent fluid flow therethrough.

12, The valve system of claim 11, further comprising a one-way check valve
positioned along the sccond flow path, wherein the one-way check valve aliows flud flow
through the second flow path in a direction from the second port to the conirel chamber
and provents fluid tlow through the second flow path in 2 direction from the control

chamber to the second path.

13, The valve system of claim 9, wherein the valve systern is operable in first and
second modes when an operating pressure at the first port is larger than an operating
pressure at the second port, wherein when the valve system is operating in the first mode,
the pilot valve is operated in the first state and the operating pressure from the first port
pressurizes the control chamber and acts on the first end of the spool to retain the valve
body in the closed position within the valve bore, and wherein when the valve system is
operating in the socond mode the pilot valve is operated in the second state to reduce the
prossure in the control chamber such that the valve body moves away from the closed
position within the valve bore and provides a contrellied rate of flow through the valve

bore from the first port to the second port.

14, The valve system of claim 11, wherein the valve system is operable in a third mode
when an operating pressure at the second port s larger than an operating pressure at the
first port, wherein when the valve system is operating in the third mode the pilot valve s

operated in the first state, the reversing flow control valve is operated in the first state and
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the operating pressure from the second port pressurizes the control chamber and acts on
the first end of the valve body to retain the valve body in the closed position within the

valve bore.

15, The valve system of claim 11, wherein the valve system is operable 1n a fourth
mode when an operating pressure at the second port is larger than an operating pressure at
the first port, wherein when the valve system s operating in the fourth mode the pilot
valve is operated in the first state, the reversing flow control valve is operated in the
sccond state and the operating pressure from the second port interacts with the valve body
to move the valve body away from the closed position when the operating pressure of the
second port exceeds the operating pressure of the first port by a predetermined amount,
and wherein flow is permitted through the valve bore from the second port to the first port

when the valve body moves away from the closed position.

16. A valve system comprising:
a main stage valve comprising:

a valve housing defining a valve bore that extends along a valve bore axis
between first and second ends of the valve bove, the valve housing also defining a first port
at the second end of the valve bore and a second port at a side of the valve bore;

a valve body positioned within the valve bore, the valve body being
movable within the valve bore along a longidinal axis of the valve bore to control thaid
commmnunication through the valve bore between the first and second ports, the valve body
having a first end adjacent the first end of the valve bore and a sccond end adjacent the
sccond end of the valve bore, the first end of the valve body including a first end face that
cooperates with the valve housing to define a control chamber at the first end of the valve
bore, the second end of the valve body inchiding a second end face that faces toward the
first port, the second end face having a smaller surface arca than the first end face, the
spool also defining a control flow passage that extends through the valve body for
providing fluid communication between the first port and the control chamber, and the
valve body being movable to a closed position within the valve bore in which the second
end of the valve body closes fluid commumication through the valve bore between the first
and second ports;

first and second flow paths that extend from the control chamber to the second

port;
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a pilot valve positioned along the first flow path, the pilot valve being operable ina
first state where the pilot valve closes fluid communication between control chamber and
the second port along the first flow path, and the pilot valve being operabic in a sccond
state where the pilot valve is proportionally controlled to provide a controlled tlow rate
throvgh the first flow path from the control chamber to the second port;

a reversing flow control valve positioned along the second flow path, the reversing
flow control valve being operable in a first state in which the reversing flow control valve
is open to allow fluid flow therethrough and a second state in which the reversing flow
control valve is closed to prevent fluid flow thercthrough; and

a one-way check valve positioned along the second flow path which allows fluid te
flow through the second flow path in a direction from the second port to the control
chamber and prevents fhuid to flow through the second flow path in a direction from the

control chamber o the second port.

17 A valve system comprising:
a main stage valve comprising:

a valve housing defining a valve bore that extends along a longitudinal axis
of the valve bove between first and second ends of the valve bove, the valve housing also
defining a first port at the second end of the valve bore and a second port at a side of the
valve bore;

a spoel positioned within the vaive bore, the spool being movable within
the valve bore along the longitudinal axis of the valve bore to control fluid commmunication
through the valve bore between the first and second ports, the spool having a first end
adjacent the first end of the valve bore and a second ond adjacent the second end of the
valve bore, the first end of the spool including a first land and the second end of the spool
tnclading 8 second land, the first land having a larger diameter than the second land, the
first land including a first end face that cooperates with the valve housing to definc a
control chamber at the first end of the valve bore, the second land including a second end
face that faces toward the first port, the second end face having a smaller surface area than
the first end face, the spool including a stem that extends between the first and second
tands and that is in general alignment with the second port, the spool also defining a
contrel flow passage that extends through the spool for providing fhad commumication

between the first port and the control chamber, and the spool being movable to a closed
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position within the valve bore in which the second land closes fhud commumication
through the valve bore between the first and second ports;

first and sccond flow paths that extend from the control chamber fo the second
port;

a pilot valve positioned along the first flow path, the pilot valve being operable in a
first state where the pilot valve closes fluid communication between control chamber and
the sccond port along the first flow path, and the pilot valve being operable 1 a second
state where the pilot valve s proportionally controlled to provide a controlled flow rate
through the first flow path from the control chamber to the second port;

a reversing tlow control valve positioned along the second flow path, the reversing
flow control valve being operable in a first state in which the reversing flow control valve
is open to allow fhid flow therethrough and a sccond state in which the reversing flow
control valve is closed to prevent fluid flow therethrough;

& one-way check valve positioned along the second flow path which allows fluid to
flow through the second flow path in a direction from the second port to the control
chamber and prevents fluid to flow through the second flow path in a direction from the
contrel chamber to the sccond port;

the valve system being operable in first and second modes when an operating
pressure at the first port is larger than an operating pressure at the second port, wherein
when the valve system is operating in the first mode the pilot valve is operated in the first
statc and the operating pressure from the frst port pressurizes the control chamber and
acts on the first end face of the spool to retain the spool in the closed position within the
valve bore, and wherein when the valve system is operating in the second mode the pilot
valve s operated in the second state to reduce the pressure in the control chamber such
that the spool moves away from the closed position within the valve bore and provides 2
controlied rate of flow through the valve bore from the fivst port to the second port; and

the valve sysiem also being operable in third and fourth modes when the operating
prossure at the second port is larger than the operating pressure at the fist port;

wherein when the valve system 1s operating in the third mode the pilot valve is
operated in the first state, the reversing flow control valve is operated in the first state and
the operating pressure from the second port pressurizes the condérol chamber and acts on
the first end face of the spool to retain the spool in the closed position within the valve

bore; and
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wherein when the valve system is operating in the fourth mode the pilot valve is
operated in the first state, the reversing flow control valve is operated in the second state
and the operating pressure from the sccond port fnteracts with the spool to move the spool
away from the closed position when the operating pressure of the second port exceeds the
operating pressare of the first port by a predetermined amount, and wherein flow is
permitied through the valve bore from the second port to the first port when the spool

moves away from the closed position.

18, The valve system of claim 16, wherein the first state of the pilot valve is g de-

energized state and the second state of the pilot valve is an cnergized state.

19, The valve system of claim 16, wherein the first state of the reversing flow control
valve is a de-cnergized state and the second state of the reversing flow control valve is an

cnergized state.

20.  The valve system of claim 16, wherein the contro] flow passage includes a flow
metering portion adjacent the fivst end of the spool that meters flow through the control
flow passage based on a position of the spool within the valve bore, wherein the metering
portion increases a cross-sectional passage area of the control flow passage as the spool
moves toward the control chamber to allow for increased flow between the control
chamber and the fivst port and decreases the cross-sectional passage arca of the control
flow passage as the spool moves away from the control chamber for reduced flow between

the control chamber and the first port.
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