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AMENDED CLAIMS
received by the International Bureau on 22 April 2015 (22.04.2015)

What is claimed is:

1. A control valve comprising:

a piston housing comprising a hollow portion having a first end, an open end, an internal

first chamber proximal the first end, an internal second chamber proximal t e open end, and a

fluid port configured to allow fluid communication with the second chamber;

a piston disposed within the housing and adapted for reciprocal motion to control fluid

communication between t e open end and the fluid port via the second chamber, the piston

including a first seal-engaging portion, and a second seal-engaging portion, the first seal-

engaging portion having a diameter that is less than the diameter of the second seal-engaging

portion;

wherein the first seal-engaging portion of the piston sealingly engages the first chamber

of the piston housing, isolating a sealed portion of the first chamber from fluid communication

with the second chamber; and

wherein the second seal-engaging portion of the piston is disposed in the second chamber

of the piston housing.

2 . The control valve of claim 1 further comprising:

a first annular seal sealingly engaging the first chamber and the first seal-engaging

portion of the piston and configured to prevent a fluid flow between the sealed portion of the

first chamber and the second chamber;

a second annular seal axially spaced from the first annular seal and configured to engage

sealingly the second chamber and the second seal-engaging portion of the piston;

wherein a fluid zone is disposed between the first and second annular seals and is in fluid

communication with the second chamber and the fluid port.

3. The control valve of claim 2 wherein the piston further comprises:

a first set of surface regions facing generally toward the piston housing first end and

having a total axially-projected surface area;

a second set of surface regions facing generally toward the open end of the piston

housing and having a total axially-projected surface area;

wherein the total axially-projected surface area of the first set of surface regions exceeds

the total axially-projected surface area of the second set of surface regions.
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4 . The control valve of claim 3 wherein t e second annular seal sealingly engages the

second chamber and the second seal-engaging portion of the piston when the valve is in a closed

configuration;

wherein the first and second set of surface regions are disposed in t e fluid zone when

the valve is in the closed configuration.

5. The control valve of claim 1 further comprising

a head portion having a control port, the head portion disposed at the piston housing first

end;

an intermediate housing member disposed in the piston housing adjacent the piston

housing first end and the head portion;

wherein the piston further comprises a third seal-engaging portion coupled to the first

seal-engaging portion and disposed in the intermediate housing member;

wherein the third seal-engaging portion is in fluid communication with the control port

and is isolated from fluid communication with the second chamber.

6 . The control valve of claim 5 wherein the diameter of the third seal-engaging portion is

greater than the diameter of the second seal-engaging portion.

7 . The control valve of claim 1 further comprising:

a first set of surface regions facing generally toward the piston housing first end and

having a first total axially-projected surface area;

a second set of surface regions facing generally toward the open end of the piston

housing and having a second total axially-projected surface area;

wherein the first total axially-projected surface area exceeds the second total axially-

projected surface area;

wherein the piston is adapted for reciprocal motion between a closed configuration in

which fluid communication is prevented between the open end of the piston housing and the

second chamber, and an open configuration in which fluid communication is allowed between

the open end and the second chamber;

wherein the first and second set of surface regions are disposed in the second chamber

when the valve is in the closed configuration.



8 . A flow control system comprising:

a flow control valve comprising:

a piston housing comprising a head portion and a hollow extension coupled

thereto, t e extension having an open end with an inlet port, internal first and second chambers

extending between the head portion and open end, and a fluid port configured to allow fluid

communication with the second chamber; wherein the first chamber is adjacent the head portion,

and wherein the second chamber is adjacent the open end;

a piston disposed within the housing and adapted for reciprocal motion to control

fluid communication between the inlet port and the fluid port via the second chamber, the piston

including a first seal-engaging portion, and a second seal-engaging portion, the first seal-

engaging portion having a diameter that is less than the diameter of the second seal-engaging

portion;

wherein the first seal-engaging portion of the piston sealingly engages the first chamber

of the piston housing, isolating a sealed portion of the first chamber from fluid communication

with the second chamber; and

wherein the second seal-engaging portion of the piston is disposed in the second chamber

of the piston housing.

9 . The flow control system of claim 8 wherein the control valve further comprises:

a biasing member disposed between the piston and the piston housing and configured to

bias the piston in a direction away from the head portion of the housing;

a first annular seal disposed within the first chamber and configured to engage sealingly

the first chamber and the first seal-engaging portion of the piston;

a second annular seal axially spaced from the first annular seal and disposed within the

second chamber, the second annular seal being configured to engage sealingly the second

chamber and the second seal-engaging portion of the piston;

wherein the first and second chambers intersect;

wherein a fluid zone extends between the first and second annular seals and is in fluid

communication with the fluid port.

10. The flow control system of claim 9 wherein the second annular seal is disposed within an

annular recess on an internal, cylindrical wall of the hollow extension.



11. The flow control system of claim 9 wherein the second annular seal is disposed within an

annular recess on the second seal-engaging portion of the piston.

12. The flow control system of claim 9 wherein t e piston comprises a first annular shoulder

that is positioned between the first and second seal-engaging portions and in t e fluid zone.

13. The flow control system of claim 9 wherein the piston further comprises:

a first set of surface regions facing generally toward the head portion and having a total

axially-projected surface area;

a second set of surface regions facing generally toward the open end of the piston

housing and having a total axially-projected surface area;

wherein the total axially-projected surface area of the first set of surface regions exceeds

the total axially-projected surface area of the second set of surface regions.

14. The flow control system of claim 13 wherein the first and second set of surface regions

include only surface regions in the fluid zone.

15. The flow control system of claim 14 wherein the total axially-projected surface area of

the first set of surface regions is not greater than 105% of the total axially-projected surface area

of the second set of surface regions.

16. The flow control system of claim 8 wherein the control valve comprises a control port

adjacent the head portion, the flow control system further comprising:

a supply pipe;

a discharge pipe;

a first system port in fluid communication with the supply pipe;

a second system port in fluid communication with the discharge pipe;

a throttle valve having an inlet in fluid communication with the first system port and

having an exit in fluid communication with the control port of the control valve;

a pilot valve having a first pilot port in fluid communication with the control port of the

control valve and the throttle valve exit, and having a second pilot port in fluid communication

with the second system port;

wherein the control valve is disposed between the supply pipe and the discharge pipe.
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17. The flow control system of claim 16 wherein at least one of t e throttle valve and the

pilot valve is adjustable.

18. The flow control system of claim 16 further comprising an annular shoulder on the

piston and positioned between the first and second seal-engaging portions and facing generally

toward the head portion of t e piston housing.

19. The flow control system of claim 8 further comprising:

an intermediate housing member disposed in the piston housing adjacent the head

portion;

wherein the piston further comprises a third seal-engaging portion coupled to the first

seal-engaging portion and disposed in the intermediate housing member;

wherein the third seal-engaging portion is in fluid communication with the control port

and is sealed from the second chamber.

20. A control valve comprising:

a piston housing comprising a hollow portion having a generally central axis, a housing

sidewall having an open end, a plurality of fluid ports extending through the sidewall, and a

plurality of doors, each door configured to seal selectively one of the fluid ports;

a piston disposed within the piston housing and adapted for reciprocal motion therein,

the piston including a generally central axis and an upper seal-engaging portion.

21. The control valve of claim 20 further comprising

a first annular seal disposed between the upper seal-engaging portion of the piston and

the sidewall and configured to engage sealingly the upper seal-engaging portion and the

sidewall;

a plurality of door seals, each door seal disposed between the housing sidewall and one

of the doors.

22. The control valve of claim 2 1 further comprising a plurality of hinges, each hinge having

an axis of rotation and each hinge coupled to the housing sidewall and to one of the doors.

23. The control valve of claim 22 wherein one or more of the hinges comprises a biasing

member configured to bias the coupled door into sealing engagement with one of the fluid ports;
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wherein the axis of rotation of one or more of the hinges is oriented parallel to the

housing central axis.

24. The control valve of claim 2 1 wherein t e plurality of doors engages t e piston and is

configured for reciprocal motion with the piston.

25 . The control valve of claim 24 wherein the piston housing further comprises a plurality of

axially-extending channels disposed in the housing sidewall, each channel intersecting an fluid

port;

wherein each door is disposed with in one of the axially-extending channels and is

configured for axial reciprocal motion therein.

26. The control valve of claim 4 wherein the second set of surface regions includes only one

surface region.
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