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pressure chamber to an actuator chamber (202D). Means
(605) are provided to stabilize the supply pressure in the in-
ner chamber against sudden pressure drops in the outer sup-
ply pressure chamber.
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FLUID VALVE ASSEMBLY, PROCESS VALVE POSITIONER AND USE OF AFLUID
VALVE ASSEMBLY IN CONTROL OF APROCESS VALVE

FIELD OF THE INVENTION

The invention relates to controlling fluid actuators, particularly
pneumatic and hydraulic actuators.
BACKGROUND OF THE INVENTION

Actuators are frequently used as mechanisms to introduce motion or
control motion. It is operated by a source of energy, typically electric current,
hydraulic fluid pressure, or pneumatic fluid pressure, and converts that energy
into motion of a target mechanism, such as into movement of a closure ele-
ment of a control valve.

A control valve is generally used for a continuous control of a liquid
or gas flow in different pipelines and processes. In a processing industry, such
as pulp and paper, oil refining, petrochemical and chemical industries, different
kinds of control valves installed in a plant's pipe system control material flows
in the process. A material flow may contain any fluid material, such as fluids,
liquors, liquids, gases and steam. The control valve is usually connected with
an actuator, which moves the closing element of the valve to a desired position
between fully open and fully closed positions. The actuator may be a pneumat-
ic cylinder-piston device, for example. The actuator, for its part, is usually con-
trolled by a valve positioner, also called as a valve controller, which controls
the position of the closing element of the control valve and thus the material
flow in the process according to a control signal from a process controller.

Valves generally applied in the industry are often operated by
means of pneumatic actuators. These actuators convert a pneumatic pressure
into valve stem motion by pressure acting on a diaphragm or piston connected
to the stem. The actuators can be either single-acting or double-acting. With
the single-acting devices, movement in the opposite direction is effected by a
spring, compressed air working against the spring. When air pressure closes
the valve and spring action opens the valve, the actuator is termed direct act-
ing. When air pressure opens the valve and spring action closes the valve, the
actuator is termed reverse acting. Double-acting actuators have air supplied to
both sides of the diaphragm or the piston. The differential pressure across the
diaphragm or the piston positions the valve stem. Automatic operation is pro-
vided when the pneumatic signals are automatically controlled by circuitry.
Semi-automatic operation is provided by manual switches in the circuitry to the
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air control valves. Also hydraulic actuators may be employed for positioning of
the valve similar to the pneumatic actuators, but now a hydraulic fluid is used
instead of air or a pneumatic fluid.

A valve positioner can typically receive control commands over a
digital fieldbus or as an analog 4...20 mA control signal. Highway Addressable
Remote Transducer (HART) protocols allow transmission of digital data to-
gether with a conventional 4 to 20 mA analog signal. Other examples of
fieldbuses are Fieldbus and Profibus. Typically all electric power to a positioner
is taken from the fieldbus or the 4...20 mA control signal. A separate electric
power supply to a positioner is not desired, because this would require a sepa-
rate cabling. A positioner may include an electronic unit having an electrical
control output and a pneumatic or hydraulic unit that takes in the electrical con-
trol signal and converts it to a corresponding fluid pressure output to an actua-
tor. This is often referred to as a current-to-pressure (I/P) conversion. The
pneumatic or hydraulic unit may comprise a prestage and an output stage. Be-
cause the electric power available from the fieldbus or analog current loop is
very limited, the prestage may first convert the electrical control signal into a
small pilot fluid pressure which is sufficient to control the output stage. The
output stage is connected to a supply fluid pressure and amplifies the small
pilot pressure signal into a larger fluid pressure output signal used by the actu-
ator. The output stage is often referred to as a pressure amplifier, a pressure
booster, or a pressure relay.

Pneumatic output stages used in positioners can coarsely be
grouped into spool valve assemblies and poppet valve assemblies. A simplified
design example of a 5/3 spool valve (5 ports / 3 states) for controlling a double-
action actuator is illustrated in Figure 1A and the corresponding schematic
symbol Figure 1B. In an output stage of a spool valve type the only moving
part is a spool 6 which moves within a central bore in a valve body 7 and con-
trols an air flow from a supply pressure port 1 to the actuator ports 2, 4, and
from the actuator ports 2,4 to exhaust ports 3 and 5. Due to the structure of
the spool valve, there is always a supply air leakage through the valve. The
strict tolerances make manufacturing techniques of spool valves very demand-
ing. Generally, the output stage of a spool valve type is not robust to changes
in operating environment and in manufacturing.

An output stage with a poppet valve design has got higher number
of moving parts than a spool valve. However, the larger tolerances and clear-
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ances allowed for the spool valve parts make it possible to utilize an economi-
cal mass production and modern manufacturing techniques. A simplified de-
sign example of a conventional 4/2 poppet valve (4 ports / 2 states) for control-
ling a double-action actuator is illustrated in Figure 1C and the corresponding
schematic symbol in Figure 1 D. As can be seen, in a conventional poppet
valve assembly two separate poppet valves 8 and 9 are required to control an
air flow from a supply pressure port 1 to the actuator ports 2,4, and from the
actuator ports 2,4 to the exhaust port 3. In the conventional output stage illus-
trated in Figure 1C the controllability with a single pilot pressure is poor, since
the movements of the poppet valves 8 and 9 are not mechanically connected
to each other. US 6276385 discloses an output stage wherein the movement
of poppet valves are together by an actuation beam to move in unison, but in
opposing directions. The actuation beam is a rocker arm rotating upon a cen-
tral pivot. The movement of poppet valves is now synchronized.

Both in the conventional output stage illustrated in Figure 1C and in
the output stage of US6276385 the control of the poppet valves requires very
large forces to overcome the pressure forces. The threshold force required to
open a poppet valve becomes large and introduces a significant point of dis-
continuation within the control region. This characteristic of prior art output
stages of poppet valve type makes the control of the output stage significantly
more difficult.

Examples of 3/2 output stages (3 ports / 2 states) of poppet valve
type for a single-action actuator are disclosed in US6276385, US6957127,
US8522818, US7458310, and US5261458.

BRIEF DESCRIPTION OF THE INVENTION

An aspect of the present invention is to provide a fluid valve assem-
bly or an output stage with new design.

An aspect of the invention is a fluid valve assembly and a valve po-
sitioner as defined in the independent claims. Embodiments of the invention
are disclosed in the dependent claims.

An aspect of the invention is a fluid valve assembly for connection to
a supply of fluid under pressure for providing an actuator, particularly a hydrau-
lic or pneumatic actuator, with a actuator fluid pressure, comprising:

a valve body with a central bore, the central bore comprising an in-
ner supply pressure chamber, an outer supply pressure chamber connected to
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a supply pressure input line; an actuator chamber; and an exhaust chamber;

a stem axially-movable within said central bore and actuated by an
axial pilot force and an axial counter force affecting on the stem;

a metering edge and a counteracting metering edge arranged coax-
ially with and controlled by the stem and arranged to control fluid flow from the
outer supply pressure chamber to the actuator chamber and from the actuator
chamber to the exhaust chamber, respectively;

a seal member arranged coaxially with the stem between the outer
supply pressure chamber and the inner supply pressure chamber;

the inner supply pressure chamber being arranged to retain a stabi-
lized supply pressure providing the axial counter force affecting on the stem
within the inner supply pressure chamber; and

means for stabilizing the supply pressure in the inner chamber.

In an embodiment, the means for stabilizing the supply pressure in
the inner chamber comprise a restricted flow path between the inner supply
pressure chamber and the outer supply pressure chamber.

In an embodiment, the restricted flow path is arranged to lower the
stabilized supply pressure retained in the inner supply pressure chamber to the
supply pressure in the outer supply pressure chamber with a predetermined
rate.

In an embodiment, the restricted flow path is arranged to raise the
stabilized supply pressure retained in the inner supply pressure chamber at a
predetermined rate, if the supply pressure in the outer supply pressure cham-
ber is higher than the stabilized supply pressure retained in the inner supply
pressure chamber.

In an embodiment, the restricted flow path comprises a flow restric-
tor.

In an embodiment, the flow restrictor is a flow orifice restrictor, pref-
erably with an orifice diameter of from about 0.1 mm to about 0.5 mm, more
preferably from about 0.2 mm to about 0.3 mm.

In an embodiment, the means for stabilizing the supply pressure in
the inner chamber comprise a check valve or a like flow control device config-
ured to block a sup-ply pressure flow path between the inner supply chamber
and the outer supply chamber, if the pressure in the outer supply chamber
drops below the stabilized supply pressure retained in the inner supply cham-
ber, and arranged to open the supply pressure flow path otherwise.
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In an embodiment, the seal member comprises a lip seal, a ring
seal, a sealing diaphragm or sealing bellows.

9 In an embodiment, the seal member is an annular lip seal ar-
ranged to seal the inner supply pressure chamber from the outer supply pres-
sure chamber, if the pressure in the outer supply pressure chamber drops be-
low the stabilized supply pressure retained in the inner supply pressure cham-
ber, and arranged to pass the supply pressure from the outer supply pressure
chamber to the inner supply pressure chamber to raise the stabilized supply
pressure retained in the inner supply pressure chamber, if the supply pressure
in the outer supply pressure chamber is higher than the stabilized supply pres-
sure retained in the inner supply pressure chamber.

In an embodiment, the fluid valve assembly comprises a further re-
stricted flow path from the supply pressure inlet of the outer supply pressure
chamber to a prestage which controls a pilot pressure and thereby the axial
pilot force.

In an embodiment, the restricted flow path and the further restricted
flow path are dimensioned so that a rate of change of the axial counter force
and the rate of change of the pilot force due to a change in the supply pressure
in the outer supply pressure chamber are approximately equal.

In an embodiment, the means for stabilizing the supply pressure in
the inner chamber comprise a check valve or a like flow control device config-
ured to block a sup-ply pressure flow path between the inner supply chamber
and the outer supply chamber, if the pressure in the outer supply chamber
drops below the stabilized supply pressure retained in the inner supply cham-
ber, and arranged to open the supply pressure flow path otherwise.

In an embodiment, the means for stabilizing the supply pressure in
the inner chamber comprise a check valve or a like flow control device config-
ured to block a sup-ply pressure flow path between the inner supply chamber
and the outer supply chamber, if the pressure in the outer supply chamber
drops below the stabilized supply pressure retained in the inner supply cham-
ber, and arranged to open the supply pressure flow path otherwise, and com-
prising a restricted flow path from the inner supply pressure chamber to a pre-
stage which controls a pilot pressure and thereby the axial pilot force.

In an embodiment, one of the metering edge and the counteracting
metering edge comprises a poppet ring supported by flexible element to the
stem and the respective mating seat surface on a valve body, and the other
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one of the metering edge and the counteracting metering edge comprises a
poppet ring supported by a flexible element to the valve body and the respec-
tive mating seat surface on the stem, the support arrangement allowing a rela-
tive axial movement of the poppet ring and the supporting valve body or stem
also in a closed state of the respective metering edge.

In an embodiment, each of the flexible elements comprises a re-
spective sealing element, preferably a sealing diaphragm or sealing bellows.

Another aspect of the invention is a process valve positioner com-
prising an electronic unit with an electrical control output, and a pneumatic or
hydraulic unit arranged to convert the electrical control output to a correspond-
ing fluid pressure output to an actuator, said pneumatic or hydraulic unit com-
prising a fluid valve assembly according to any one of claims 1-15.

In an embodiment, the pneumatic or hydraulic unit comprises a pre-
stage and an output stage, the prestage being arranged to convert the electri-
cal control output into a pilot pressure which is sufficient to control the output
stage, the output stage comprising a fluid valve assembly according to embod-
iments of the invention.

Still another aspect of the invention is a use of a fluid valve assem-
bly according to embodiments of the invention in controlling of a process valve.

BRIEF DESCRIPTION OF THE DRAWINGS

In the following, the invention will be described by means of exem-
plary embodiments with reference to the attached drawings, in which

Figures 1A and 1B illustrate a simplified example of a prior art 5/3
spool valve and the corresponding schematic symbol, respectively;

Figures 1C and 1D illustrate a simplified example of a prior art 4/2
poppet valve and the corresponding schematic symbol, respectively;

Figures 2A, 2B and 2C illustrate schematically a fluid valve assem-
bly according to exemplary embodiments of the invention in three positions of
the stem;

Figure 3 illustrates schematically a fluid valve assembly according to
further exemplary embodiments;

Figures 4A, 4B and 4C illustrate schematically an example of the
flexible support of a poppet ring to the stem in three positions of the stem;

Figures 5A and 5B illustrate schematically examples of pressure-
balanced poppet rings according to embodiments of the invention;
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Figures 6, 7 and 8 illustrate schematically a fluid valve assembly ac-
cording to still further exemplary embodiments;

Figure 9 illustrates schematically an example of a flow restrictor;

Figures 10A and 10B illustrate schematically fluid valve assemblies
according to further exemplary embodiments with a pilot pressure stabilization;

Figure 11 illustrates a schematic block diagram of an exemplary
process automation system;

Figure 12 illustrates an exemplary arrangement wherein a pneumat-
ic actuator operates the process valve under control of the valve positioner;
and

Figure 13 shows a schematic block diagram of an exemplary intelli-
gent valve controller wherein a fluid valve assembly according to embodiments
of the invention may be applied.

EXAMPLE EMBODIMENTS OF THE INVENTION

In co-pending Finnish patent application FI20155177 having the
same assignee, a fluid valve assembly or an output stage is disclosed that
provides various improved features. The disclosure of FI20155177 is incorpo-
rated by reference herein to provide more detailed description on fluid valve
assembly structures wherein principles and embodiments of the present inven-
tion may be applied to. A fluid valve assembly of the type disclosed in FI
20155177 can be implemented with poppet-type valves or the like. A poppet-
type valve assembly can, unlike a spool valve, be made practically leak-free
without using soft sealings which are prone to wearing. The manufacturing
technique required is not as demanding as that of a small-clearance spool
valve. Despite of the higher number of components, the manufacturing costs
are competitive. Metering edges of a valve assembly may be mechanically
coupled together by a stem and supported by flexible elements. The axial rela-
tive movement of the metering edges and the stem or a valve body can be al-
lowed in the closing direction also upon they have reached their closed posi-
tions. In a conventional poppet valve, when the valve is closed, the movement
of the poppet cannot be continued in the closing direction. This enables an ac-
curate control of a poppet valve with one pilot force, such as with one pilot
pressure.

In Figures 2A, 2B and 2C, a fluid valve assembly 20 which can be
connected to a supply of fluid under pressure for providing an actuator with a
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control fluid pressure, according to an exemplary embodiment of the invention
is illustrated schematically.

In Figure 3, a fluid valve assembly 20 according to further exempla-
ry embodiments is illustrated schematically in more detail. Same reference
symbols in Figures 2A, 2B, 2C, and 3 refer to the same or corresponding ele-
ments, structures, functionalities and features.

In the exemplary embodiments, a 3/3 valve assembly with three
ports and three positions or states for controlling a single-acting actuator or a
corresponding device is illustrated. However, same principles can be applied
also to valve assemblies with other number of ports and/or positions or states.

The valve assembly 20 comprises an elongated frame or body 201
having an axial central bore or chamber 202 with a supply port S or a supply
chamber 202C for receiving a supply of fluid under pressure, an actuator port
C or an actuator chamber 202D for providing a control fluid pressure to a sin-
gle-acting actuator, and an exhaust port EX or an exhaust chamber 202C for
venting (e.g. to environment) the fluid pressure from the actuator port C.

According to an aspect of the invention a stem 203 is provided with-
in the valve body 201 to move in an axial direction in the central bore 202. The
stem 203 may comprise two or more parts arranged to form a single rigid stem
when installed in the valve assembly. The stem 203 extends through a plurality
of poppet rings PR3 and PR4 arranged at axially spaced locations within the
central bore 202. Each poppet ring PR3 and PR4 is arranged coaxially with the
stem 203 to cooperate with a respective mating seat surface PS3 and PS4 to
form a respective metering edge (which may be alternatively called a control
edge) PR3/PS3 and PR4/PS4 forming control orifices (illustrated by arrows in
Figures 2B, 2C) for controlling fluid flow between the actuator port C (the actu-
ator chamber 202C) and one of the supply S (the supply chamber 202D) and
exhaust ports EX (the exhaust chamber 202B). In a closed position of a meter-
ing edge, when a poppet ring is pressed against a respective mating seat sur-
face, there is substantially no fluid flow through the metering edge. It should be
appreciated that some fluid flow or fluid leakage may be allowed in some em-
bodiments although the metering edge is considered to be closed. In an open
position of a metering edge, when a poppet ring is separated from a respective
mating seat surface and an orifice is opened between them, a fluid flow
through the metering edge is allowed.

According to an aspect of the invention, metering edges PR3/PS3
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and PR4/PS4 of the valve assembly 20 are mechanically tied together by the
stem 203 and supported by flexible elements SD3 and SD4.The axial relative
movement of the metering edges and the stem 203 or the body 201 is allowed
in the closing direction also upon they have reached their closed positions. In a
conventional poppet valve, when the valve is closed, the movement of the
poppet cannot be continued in the closing direction. This enables an accurate
control of a poppet valve.

According to an aspect of the invention, a pair of counter-acting me-
tering edges is provided for the actuator port C such that both metering edges
of the counter-acting pair are closed in a centre position of the stem, one me-
tering edge is closed and the other metering edge of the counter-acting pair is
opened with the movement of the stem 203 to a first axial direction, and the
one metering edge is opened and the other metering edge of the counter-
acting pair is closed with the movement of the stem 203 to an opposite second
axial direction.

A poppet-type valve assembly can, unlike a spool valve, be made
practically leak-free without using soft sealings which are prone to wearing.
The manufacturing technique required is not as demanding as that of a small-
clearance spool valve. Despite of the higher number of components, the manu-
facturing costs are competitive.

In an embodiment, each poppet ring PR3 and PR4 arranged coax-
ially with the stem 203 is supported by a respective flexible element SD3 and
SD4 to the body 201 or the stem 203 so that the axial relative movement of the
poppet rings PR3 and PR4 and the stem 203 or the body 201 in the closing
direction is allowed also upon the poppet rings have reached their closed posi-
tions.

In an embodiment, the flexible element SD3 and SD4 is an annular
sealing diaphragm or an annular sealing bellows, such as illustrated in the ex-
amples of Figure 3, and Figures 4A, 4B and 4C.

In an embodiment, each poppet ring PR3 and PR4 has a respective
mating seat surface PS3 and PS4 formed by a larger diameter section of the
stem 203, such as shoulder or flange, or formed by a body section protruding
radially into the central bore 202 thereby providing a smaller diameter section
of the central bore 202, such as an inward shoulder or flange of the body 201.

In an embodiment of the invention, the poppet ring PR4 is support-
ed to the valve body 201 by a flexible element SD4 at its outer circle, while its
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inner circle is free. The poppet ring PR4 may protrude radially inwards to the
central bore 202 and have a respective mating seat surface PS4 formed by
respective larger diameter end section 203B of the stem 203. The poppet ring
PR3 is supported to the stem 203 by a respective flexible element SD3 at its
inner circle, while its outer circle is free. The poppet ring PR3 has a respective
mating seat surface PS3 formed on the valve body 201.

According to an aspect of the invention, a pair of counter-acting me-
tering edges PR3/PS3 and PR4/PS4 is provided for the actuator port C such
that both metering edges of the counter-acting pair are closed in a centre posi-
tion of the stem, one metering edge is closed and the other metering edge of
the counter-acting pair is opened with the movement of the stem 203 to a first
axial direction, and the one metering edge is opened and the other metering
edge of the counter-acting pair is closed with the movement of the stem 203 to
an opposite second axial direction.

In an embodiment, the metering edge PR3/PS3 controls the fluid
flow between the actuator port C (the actuator chamber 202D) and the supply
port S (the supply chamber 202C), and the metering edge PR4/PS4 controls
the fluid flow between the actuator port C (the actuator chamber 202D) and the
exhaust port EX (the exhaust chamber 202C).

In alternative embodiments, all poppet rings may be supported by
respective flexible sealing elements to the stem 202, in a similar manner as the
poppet ring PR3, and all mating seat surfaces may be arranged on the valve
body 201, in a similar manner as the mating seat surface PS3. In further alter-
native embodiments, all poppet rings may be supported by respective flexible
sealing elements to the valve body 201, in a similar manner as the poppet ring
PR4, and all mating seat surfaces may be arranged on the stem 203, in a simi-
lar manner as the mating seat surface PS4. However, in this case some of the
poppet rings would not be on the higher pressure side of the respective meter-
ing edge which may cause problems in a flow control and in a pressure-
balancing.

In an embodiment, pre-loaded elastic elements, such as springs,
are provided to make the closing forces for the metering edges. For example,
one or more pre-loaded springs 213 may be arranged around the stem 203
between the top of body 201 and the poppet ring PR3 to exert an axial closing
force on the poppet ring PR3 and to press it against the mating seat surface
PS3. Similarly, there may be one or more pre-loaded springs around the stem
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203 in the central bore 202 at the actuator port C (the actuator chamber 202D)
to abut the poppet ring PR4 at other end and to a suitable support element,
such as a shoulder, on the body 201 or the stem 203 at the other end. Howev-
er, it should be appreciated that a specific technique by which the closing forc-
es are created is not essential to the basic invention.

In the closed centre position of the stem 203 illustrated in Figure 2A,
there is no axial net force F_tot that would displace the stem 203 from the cen-
ter position in the axial direction. All metering edges PR3/PS3 and PR4/PS4
are closed, i.e. each poppet ring PR3 and PR4 is pressed against its respec-
tive mating seat surface PS3 and PS4. There is no fluid flow between the ports
EX, C and S (i.e. the chambers 202B, 202C and 202D). Figures 4A, 4B and 4C
illustrate schematically an example of implementation of the flexible support
SD3 for the poppet ring PR3 to the stem 203. The flexible support SD3 may be
in form of a folded annular sealing diaphragm having an inner circle fixed to the
outer periphery of the stem 203 and having an outer circle fixed to the inner
circle of the poppet ring PR3. The mating seat surface PS3 is a fixed surface
on the valve body 201. In the Figure 4A, the U-shaped fold of the sealing dia-
phragm SD1 is approximately or nearly undeformed and the poppet ring PR3
rests against the mating seal surface PS3. It should be appreciated that the
closed position of a metering edge may comprises a subrange of the total
movement, for example 10 percentage of the total movement, and therefore
the sealing diaphragm may be slightly deformed, i.e. approximately or nearly
undeformed.

The axial net force F_tot may be formed by an axial pilot force F_pil
affecting on one end of the stem 203 and an axial counter force F_sup affect-
ing on the opposite end of the stem 203. In an exemplary embodiment, the
pilot force F_pil may be provided by a pilot fluid pressure which in a pilot pres-
sure chamber 210 affects on a pilot diaphragm 206 and a piston 207 arranged
at one end of the stem 203, as illustrated in Figure 3.

The axial net force F_tot is zero when the axial pilot force F_pil and
the axial counter force F_sup are equal, and the valve assembly is in a closed
center position illustrated in Figure 2A. The actuator does not move (for exam-
ple, a control valve maintains its present opening). When the axial pilot force
F_pil increases to be larger than the axial counter force F_sup, a positive axial
net force F_tot is created, and the stem 203 moves upwards (t0 a positive di-
rection) as illustrated in Figures 2B, 3 and 4B. An engagement element 205,
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such as a shoulder, in the stem 203 engages to the poppet ring PR3 and
moves it upwards thereby opening the third metering edge PR3/PS3, and the
fluid flows from the supply port S to the actuator port C. In the examples shown
in Figures 3A and 4B, the U-shaped fold of the sealing diaphragm SD3 as-
sumes or maintains approximately undeformed shape, because the poppet
ring PR3 can move freely with the stem 203. At the same time the counter-
acting metering edge PR4/PS4 is maintained closed as the upwards-moving
seat surface PS4 of the stem 203 engages and moves upwards the poppet
ring PR4, which is flexibly supported to the body 20. In the example shown in
Figure 3A, the U-shape of the sealing diaphragm SD4 is deformed to allow the
movement of the poppet ring PR4 in relation to the body 201. Also the seat
surface PS1 of the stem 203 moves upwards and is separated from the poppet
ring PR1 thereby opening the first metering edge PR1/PS1, and the fluid flows
from the actuator port C1 to the exhaust port EX1. In the examples shown in
Figures 3A, the U-shaped fold of the sealing diaphragm SD1 is approximately
undeformed. At the same time, the poppet ring PR2, since it is flexibly sup-
ported to the stem 203, is maintained stationary against the mating seat sur-
face PS2 on the body 201 while the stem 203 is moving upwards through the
poppet ring PR2. Thus, the metering edge PR2/PS2 is maintained closed. In
the example shown in Figure 3A, the U-shape of the sealing diaphragm SD2 is
deformed to allow the movement of the poppet ring PR2 relative to the stem
203. The actuator moves in a first direction (e.g. towards 100% opening of a
control valve).

Starting from the position illustrated in Figures 2B and 4B, when the
axial pilot force F_pil decreases to be equal to and then smaller than the axial
counter force F_sup, the positive axial net force F_tot is first decreased and
then a negative axial net force F_tot is created, and the stem 203 moves
downwards (to a negative direction) as illustrated in Figures 2C, 3 and 4C, the
seat surface PS4 of the stem 203 moves downwards and is separated from the
poppet ring PR4 thereby opening the metering edge PR4/PS4, and the fluid
flows from the actuator port C to the exhaust port EX. In the example shown in
Figure 3, the U-shape of the sealing diaphragm SD4 is restored to the original,
approximately or nearly undeformed shape with the downward movement of
the poppet ring PR4 relative to the body 201. At the same time, the poppet ring
PR3, since it is flexibly supported to the stem 203, moves against the mating
seat surface PS3 on the body 201 and stops there while the stem 203 is mov-
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ing downwards. Thus, the metering edge PR3/PS3 is closed. In the examples
shown in Figures 3 and 4C, the U-shape of the sealing diaphragm SD3 is de-
formed to allow the upward movement of the poppet ring PR3 relative to the
stem 203. The actuator moves in a second direction (e.g. towards 0% opening
of a control valve).

According to an aspect of the invention, the poppet rings PR3 and
PR4 may be pressured-balanced. A pressure-balanced poppet ring may be
dimensioned and shaped such that the fluid pressure forces exerted on the
poppet ring are compensated to make the resultant fluid pressure force affect-
ing on the respective metering edge very small or zero. As a result, the control
forces required to move the stem are only fraction of the control forces re-
quired in unbalanced poppet valve assemblies. This provides a possibility to
control the stem 203 faster than in the prior art poppet valves (resulting in a
better control) or with a smaller pilot pressure (resulting in a lower energy need
of a controller). The compensation of the fluid pressure forces results also in a
linear operation of the stem 203 over a control range. In the prior art solutions
the uncompensated high fluid pressure forces induce a significant discontinua-
tion point (a large dead zone) exactly in the middle of the control range. There-
fore, the pressure-balanced poppet rings result in a significantly better control-
lability of a poppet valve assembly according to an exemplary embodiment in
comparison with the prior art poppet valve assemblies. This allows employing
a high-capacity output stage also for controlling small actuators without a loss
in the control accuracy of a process valve.

The poppet rings PR3 and PR4 are examples of pressure-balanced
poppet-rings. Another example of a pressure-balanced poppet ring is illustrat-
ed in Figure 5A. The exemplary poppet ring is illustrated when used in place of
pressure-balanced poppet ring PR3, but similar poppet ring can be used in
place of any of the poppet rings shown in Figures 2A, 2B, 2C, 3, 4A, 4B and
4C. In Figure 5A the metering edge PR3/PS3 is shown in a closed position.
The poppet ring PR3 is on the high pressure side (the supply pressure SP) in
the supple pressure chamber 202C. The flexible sealing diaphragm SD3 may
provide an air-tight sealing between the poppet ring PR3 and the stem 203,
fixes the poppet ring PR3 to the stem 203 while allowing an axial relative
movement of the poppet ring PR3 and the stem 203. The geometry of the pop-
pet ring PR3 may be such that the effective metering edge PR3/PS3 is formed
at a ring tip 501 that is relatively narrow in the radial direction. The middle point
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of the fold in the sealing diaphragm SD3 may be approximately aligned with
the ring tip 501 in the axial direction (the vertical direction in Figure 5A), as il-
lustrated by a symmetry line 200 in Figure 5A. At the opposite end of the pop-
pet ring PR3 (the upper end in Figure 5A) the radial width from the middle point
of the fold of the sealing diaphragm SD3 outwards may define a predetermined
upper surface area that determines the axial (downwards) pressure force ex-
erted to the poppet ring PR3 subjected to the axial (downwards) pressure force
due to the supply pressure SP. The geometry of the poppet ring PR3 may be
selected so that the high pressure side is extended below the poppet ring up to
the ring tip 501, as illustrated by a high pressure chamber 202G. The bottom
surface 503 facing to the chamber 202G may be dimensioned so that the sup-
ply pressure SP affecting on the bottom surface of the poppet ring PR3 will
provide a compensating axial (upward) pressure force which is approximately
equal to the downward pressure force. Thereby the resultant pressure force
affecting on the poppet ring PR3 is very small or zero on one side (left) of the
symmetry line 200. On the low pressure side the low pressure may be present
in a space 202F under the flexible diaphragm SD3 and above a radially in-
ward-extending shoulder 504 of the poppet ring PR3. The dimensions of the
shoulder 504 may be such that the downward pressure force caused by the
low pressure fluid on the upper surface of the shoulder 504 will approximately
compensate the upward pressure force caused by the low fluid pressure under
the poppet ring PR3. Element 502 is an example of fixing the flexible sealing
diaphragm SD3 to the poppet ring PR3. A similar poppet ring may be used in
place of the poppet ring PR4 which is flexibly connected to the body 201. The
profile of PR4 the may be a mirror image of that of shown in Figure 5A. Figure
5B illustrates a further example profile of a poppet ring (PR3 is shown as an
example).

In an exemplary embodiment, the pilot force F_pil may be provided
by a pilot fluid pressure affecting on a pilot diaphragm 206 and a piston 207
arranged at one end of the stem 203. An elastic preloaded element 212, such
as a spring arranged to the opposite end of the stem 203, may be provided to
drive the valve to a safe position in the case of a failure, e.g. when the supply
pressure SP or the electric power is lost.

In an exemplary embodiment, the counter force F_sup may be pro-
vided by a supply pressure SP affecting on a counter piston 203A arranged at
the end of the stem 203, as illustrated in Figure 3. The fluid pressure in a
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chamber 202C may be the supply pressure SP and the dimensioning of the
counter piston 203A and/or the poppet ring PR3 may be employed to scale the
counter force F_sup to be equal to the pilot force F_pil provided by the pilot
pressure in the chamber 210 such that the axial net force F_tot is about zero in
the center position. Deriving also the counter force F_sup from the supply
pressure SP makes both the counter force F_sup and the pilot force F_pil to
scale with the supply pressure SP which may vary, thus, providing a supply
pressure-balanced construction.

An example of the forces in a balanced poppet-type valve assembly
according exemplary embodiments will be examined below with reference to
Figures 3 and 5A. Stem is actuated with pilot force F_pil and the counter force
F sup.

F tot=F pil - F _sup

The supply pressure SP affects on the stem 203 through the area
defined by the symmetry line 200 and having the diameter D, thereby providing
a counter force F_sup

I sup = A*p = n*(D/2)"2*SP

Supply pressure also affects on the area of the poppet ring PR3
outside the symmetry line 200, but in static situations this area starts and ends
at same diameter (at the symmetry line 200), therefore total force from the ar-
ea outside the symmetry line 200 is about 0 Newton.

However, the inventors have observed that, in dynamic situations
where supply pressure fluid flows to actuator chamber 202D from the supply
chamber 202C through an opening measuring edge PR3/PS3, the supply
pressure SP may suddenly drop, which leads to drop in the axial counter force
F_sup, and increase in the axial net force F_tot. Increasing the net force F_tot
will move the stem 203 upward, thereby opening the measuring edge more
and further dropping the supply pressure SP. This chain of event repeats until
a new equilibrium is found. The movement of the stem 203 therefore becomes
somewhat uncontrolled. In some circumstances the chain of events can repeat
until the stem 203 is in fully open position. A controller, such as a valve posi-
tioner, is able to "pull back” the stem (by reducing F_pil with the pilot pressure
control) as it notices too much air is moving. However, usually the controller is
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not able to do this fast and precise enough.

An aspect of the invention is to avoid uncontrolled or unstable of a
movement of the stem in a fluid valve assembly.

According to an aspect of the invention, a supply chamber is divided
into two different chambers, an outer supply chamber and an inner supply
chamber, by a seal member. The inner chamber is used to actuate the stem
while the outer chamber is connected to a supply pressure line and used to
feed an actuator chamber. Means for stabilizing the supply pressure fluctuation
in the inner chamber are also provided.

In Figures 6, 7 and 8, fluid valve assemblies 60 according to further
exemplary embodiments are illustrated schematically in more detail. Basically
the valve assembly 60 may include all features of the valve assembly 20 de-
scribed above. Figure 6 illustrates a valve assembly 60 which substantially
identical to the valve assembly 20 in Figure 3 except for some additional fea-
tures. Figure 7 illustrates a simplified and more schematic exemplary valve
assembly 60 with some details left out. Figure 8 illustrates a further schematic
exemplary valve assembly 60 with different type of means for stabilizing the
supply pressure fluctuation in the inner chamber .Same reference symbols in
Figures 6, 7 and 8 as well as in Figures 2A, 2B, 2C, 3, 4A, 4B, 4C, 5A,and 5B
refer to the same or corresponding elements, structures, functionalities and
features, and same principles can be applied as described herein in connec-
tion with the fluid valve assembly 20.

In the exemplary embodiments shown in Figures 6, 7 and 8, a sup-
ply chamber is divided into two different chambers, an outer supply chamber
202C and an inner supply chamber 202E by a separating or seal member 603.
The inner chamber 202E is used to actuate the stem 202 while the outer
chamber 202C is connected to a supply pressure line (not shown) and used to
feed an actuator chamber 202D. A dividing or separating wall, such as a seal
holder 602, may be provided to surround an end portion of the stem 203, such
as the counter piston portion 203A. The seal holder 602 may define a chamber
with closed top end, while the stem 203 extends into the chamber from the bot-
tom end of the chamber and is able to move axially within the chamber. At
least a portion of the radial inner profile of the seal holder 602 may be ar-
ranged to closely or loosely fit to the radial outer profile of the counter piston
203A, and the fit is sealed by an annular seal member 603. In the exemplary
embodiments illustrated in Figures 6 and 7, the inner surface of the seal holder
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602 may be provided with an annular groove or an annular flange or any other
structure that holds the seal member 603. Thereby the seal member 603 is
stationary in relation to the axially moving stem 203. In the exemplary embod-
iments illustrated in Figures 6 and 7, the seal member 603 is a lip seal having
a lip pressing against the outer surface of the counter piston 203A. However,
any other type of seal or separating element may be used for the seal member
603, such as a ring seal, a sealing diaphragm, a sealing bellows, a tight fit, etc.
Some air leakage may be allowed for the seal or separating member 603.

The top end of the counter piston 203A, the generally the end of the
stem 203, that is arranged to move axially within the seal holder 602 and the
seal member 603, has a mating outer surface for the seal member. The length
of the mating outer surface in the axial direction is preferably at least the length
of the axial movement or a stroke of the piston 203A. In exemplary embodi-
ments of invention a recession may be provided at the top surface of the piston
203A for an elastic preloaded element 212, such as a spring arranged to the
opposite end of the stem 203, which may be provided to drive the valve to a
safe position in the case of a failure, e.g. when the supply pressure SP or the
electric power is lost. Having the elastic element 212 partially within the stem
203 enables the strong enough elastic element 212 and long enough mating
surface of the stem without need for any substantial increase in the axial di-
mension of the valve body 201. In the example shown in Figure 6, an annular
cylindrical flange 604 is provided to the top end of the piston 203A so that a
recession for the elastic element 212 is defined. The outer radial surface of the
flange 604 provides at least part of the mating surface of the piston 203A in the
axial direction. In the exemplary embodiment illustrated in Figure 7, a counter
piston 203A with no recession or flange 604 is shown.

Alternatively, the stem 203, or more particularly the counter piston
203A, may be provided with a structure, such as a groove, for holding a seal
member similar to the seal member 603. In such a case, the seal member will
move axially with the counter piston 203 within the chamber defined by the
dividing wall 602. The seal member, such as a lip of a lip seal, will be pressed
on a mating inner surface of the dividing wall 602.

According to an aspect of the invention, fluctuation of a supply pres-
sure SP retained in the inner chamber 202E is stabilized. In exemplary embod-
iments of the invention, a restricted flow path, such a restricted flow path 605
illustrated in Figures 6 and 7, may be provided between the inner supply
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chamber 202E and the outer supply chamber 202C (including a section of a
supply pressure channel S close to the actual outer chamber 202C). Via the
restricted flow path 605, sudden supply pressure fluctuations in the outer
chamber 202C are removed from the inner chamber 202E, while slower or
permanent supply pressure changes in the outer chamber 202C will pass
through to the inner chamber 202E. Thus, a stabilized supply pressure in the
inner chamber 202E may in a controlled and stable manner follow any fluctua-
tion in the supply pressure in the outer chamber 202C, so that rapid uncon-
trolled movements or overshoots of the valve stem 203 can be avoided.

For example, the restricted flow path 605 may be arranged to lower
the stabilized supply pressure SP retained in the inner supply pressure cham-
ber 202E to the supply pressure SP in the outer supply pressure chamber with
a predetermined rate, for example if the supply pressure in the outer chamber
202C suddenly drops when where supply pressure fluid flows to actuator
chamber 202D from the outer supply chamber 202C trough an opening meas-
uring edge PR3/PS3. Similarly the restricted flow path 605 may be arranged to
raise the stabilized supply pressure SP retained in the inner supply pressure
chamber 202E at a predetermined rate, if then supply pressure in the outer
supply pressure chamber 202C is higher than the stabilized supply pressure
retained in the inner supply pressure chamber. Also, at the first time supply
pressure SP is applied to the valve assembly 60, the restricted flow path 605
will enable the supply pressure to get to the inner supply chamber 202E. Also if
a user raises the supply pressure at some point of time, the restricted flow path
605 will enable the raised supply pressure to get to the inner supply chamber.
Still further, if the user decreases supply pressure over time, the restricted flow
path 605 will enable air to get out of the inner supply chamber in order to lower
the supply pressure in the inner supply chamber too.

Referring to Figures 6 and 7, let us examine an example of the forc-
es in a balanced poppet-type valve assembly with an outer supply pressure
chamber and an inner chamber according to exemplary embodiments. The
stem 203 is actuated with pilot force F_pil and the counter force F_sup.

F tot=F pil - F _sup

Unlike in embodiments with a single supply chamber, the supply
pressure affecting on the stem 203 is now the stabilized supply pressure re-
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tained in the inner chamber 202E. Again, the stabilized supply pressure SP
affects on the stem 203 through the area defined by the symmetry line 200 and
having the diameter D, thereby providing a counter force F_sup

I sup = A*p = n*(D/2)"2*SP

Again, the stabilized supply pressure also affects on the area of the
poppet ring PR3 outside the symmetry line 200, but in static situations this ar-
ea starts and ends at same diameter (at the symmetry line 200), therefore total
force from the area outside the symmetry line 200 is about O Newton.

However, in dynamic situations where supply pressure fluid flows to
actuator chamber 202D from the supply chamber 202 through an opening
measuring edge PR3/PS3 and the supply pressure SP in the outer chamber
202C suddenly drops, the stabilized supply pressure retains in the inner cham-
ber substantially unchanged or constant. Therefore, the force F_sup affecting
on the stem 203 stays substantially unchanged or constant, which means that
the stem 203 and and the measuring edge PR3/PS3 also stay in place until the
pilot force F_pil is altered. There is no need for a controller to "pull back” the
stem 203 at times, and so the controller should be able to execute a more ag-
gressive control strategy than with embodiments having one supply pressure
chamber.

In some embodiments, the restricted flow path 605 may comprise a
narrower or smaller-diameter section 605A, referred to as a flow restrictor,
such as a restriction orifice (RO), as illustrated in Figure 9. The area (i.e. the
diameter) of the restriction orifice determines the rate of flow at the outlet of a
given process fluid for the specified pressure and temperature. The restriction
orifice is mainly used to achieve controlled or restricted flow of process medi-
um. The orifice offers a restriction to the process flow and the pressure head drops
from the upstream to the downstream. In exemplary embodiments, the re-
striction orifice 605A may preferably have an orifice diameter of from about 0.1
mm to about 0.5 mm, more preferably from about 0.2 mm to about 0.3 mm. In
its simplest form the restricted flow path 605 or the restrictor orifice may com-
prise a small hole in the dividing wall or the seal holder 602, a small hole or
gap between structures, e.g. between the valve body 201 and the dividing wall
602, a designed leakage point at the seal member 603, etc. The restrictor may
be a separate element that is inserted to the valve body 201 or the dividing
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wall 602. This allows to produce very small-diameter orifices with special tools
and technology, and then insert a ready-made restrictor into larger hole or
channel in the valve body 201 or the dividing wall 602, for example. A part of
the restricted flow path 605 and/or the restrictor may also be arranged outside
the valve body 201.

In some embodiments, the seal member 603 may be an annular
lip seal which is configured to hold pressure only in one direction, like a check
valve. The lip seal 603 may be arranged to seal the inner supply chamber
202E from the outer supply chamber 202C, if the pressure in the outer supply
chamber 203C drops below the stabilized supply pressure retained in the inner
supply chamber 202E (the lip is pressed against the mating surface by the
pressure difference), and arranged to pass the supply pressure from the outer
supply chamber 202C to the inner supply chamber 202E to raise the stabilized
supply pressure retained in the inner supply chamber 202E, if the supply pres-
sure in the outer supply chamber 202C is higher than the stabilized supply
pressure retained in the inner supply chamber 202E (the lip is disengaged from
the mating surface by the pressure difference). With such arrangement, the
flow is restricted in direction from the inner chamber to the outer chamber.
Such arrangement may be made regardless of the way of implementation of
the restricted flow path 605.

In an embodiment, a supply path 805A with a check valve 805
may be provided parallel with the restrictor 605 to provide the similar effect as
provided by the lip seal, as illustrated in Figure 8. Alternatively, any other type
of flow control device may be used that is configured to hold pressure only in
one direction. However, such one-directional flow restriction may also cause
rapid undesired movements of the stem, especially if the pilot force F_pil and
the counter force F_sup are formed from the same supply pressure. Therefore,
such arrangement is not preferred in many applications.

In an embodiment, a prestage PR may be provided which controls a
pilot pressure in the pilot pressure chamber 210 and thereby the axial pilot
force, as schematically illustrated in Figures 10A and 10B. The prestage PR
may control the pilot pressure in the pilot pressure chamber 210 by, for exam-
ple, controlling with a valve or flap which amount of the supply pressure air is
shunted to the environment, and which amount of the air is directed to the pilot
pressure chamber 210 via the pilot pressure inlet 906. The lowest pilot pres-
sure may be obtained then the flap or valve is in its open position, which may
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correspond to a predetermined restriction orifice, such as 0.5 mm in diameter.
When a flap or valve is driven in closing direction, the restriction orifice be-
comes smaller and the pilot pressure raises, and finally the flap or valve is in
its closed position with smallest or zero restriction orifice and the highest pilot
pressure. Typically, the supply pressure supplied to the prestage PR may be
restricted to prescale the supply pressure for a desired control range of the
pilot pressure. The flow restriction for setting the control range may correspond
to a 0.2 mm restrictor orifice, for example.

In an embodiment, such an exemplary embodiment illustrated in
Figure 10A a r restricted flow path 905 may be provided from the outer supply
chamber 202C (including the supply pressure inlet S close to the outer supply
chamber 202C) to the prestage PR. The restricted flow path 905 may also
implement the flow restriction of the supply pressure for setting the control
range of the pilot pressure. The restricted flow path 905 may comprise a nar-
rower or smaller-diameter section 905A which may be implemented with simi-
lar way as the restrictor 605. By means of the restricted flow path 905, fluctua-
tion of a supply pressure SP at the prestage PR is stabilized. By means of the
restricted flow path 905, sudden supply pressure fluctuations in the outer
chamber 202C are removed from the supply pressure at the prestage PR and
from the pilot pressure retained in the which in the pilot pressure chamber 210,
while slower or permanent supply pressure changes in the outer chamber
202C will pass through to the pilot pressure chamber 210. The restricted flow
path 605 and the further restricted flow path 905 may be dimensioned so that
the change in the supply pressure SP in the outer chamber 202C will affect at
similar rate to the counter force F_sup through the inner supply chamber 202E
and to the pilot force F_pilot through the pilot pressure chamber, so that the
change in the net force F_tot is zero or very small. If there was a difference in
the rates with which the counter force F_sup and the pilot force F_pilot
changed, there would be force peaks in the net force F_tot and undesired
movements of the stem 203.In an embodiment, such an exemplary embodi-
ment illustrated in Figure 10B, a supply flow path 1005 with a check valve
1005A may be provided from the outer supply chamber 202C (including the
supply pressure inlet S close to the outer supply chamber 202C) to the inner
supply chamber 202E. Alternatively, any other type of flow control device
1005A may be used that is configured to hold pressure only in one direction.
The check valve 1005A may be configured to block the flow from the inner
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supply chamber 202E to the outer supply chamber 202C, if the pressure in the
outer supply chamber 203C drops below the stabilized supply pressure re-
tained in the inner supply chamber 202E, and arranged to pass the supply
pressure from the outer supply chamber 202C to the inner supply chamber
202E to raise the stabilized supply pressure retained in the inner supply cham-
ber 202E, if the supply pressure in the outer supply chamber 202C is higher
than the stabilized supply pressure retained in the inner supply chamber 202E.
With such arrangement, the flow is restricted in direction from the inner cham-
ber to the outer chamber. Further, a restricted flow path 905 may be provided
from the inner supply chamber 202E (including the supply flow path 1005 sec-
tion between the check valve 1005A and the inner supply chamber 202E) to
the prestage PR. The restricted flow path 905 may also implement the flow
restriction of the supply pressure for setting the control range of the pilot pres-
sure. The restricted flow path 905 may comprise a narrower or smaller-
diameter section 905A which may be implemented as a restrictor, for example
as illustrated in Figure 9. With the restricted flow path 905 being connected to
the inner supply chamber 202E, a supply pressure SP at the prestage PR fol-
lows the stabilized supply pressure in the inner supply chamber, and the axial
net force F_tot is not affected by the supply pressure fluctuations. Sudden
supply pressure drops in the outer chamber 202C are removed not only from
the inner supply chamber 202E but also from the supply pressure at the pre-
stage PR and from the pilot pressure retained in the pilot pressure chamber
210. As the prestage PR gradually leaks pressure to the environment, the sta-
bilized supply pressure in the inner supply chamber 202E will gradually de-
crease below the supply pressure in the outer chamber 202C, and the check
valve 1005A will again pass the supply pressure from the outer supply cham-
ber 202C to the inner supply chamber 202E. Thus, any further restricted flow
path, such as the flow path 605 in Figure 10A may not be needed.

Embodiments of the invention can be applied in control of any fluid-
pressure operated actuators. Embodiments of the invention are particularly
applicable in control of actuators of process devices, such as control valves,
shut-off valves, screens, etc., in any automation system for any industrial pro-
cess and the like.

Figure 11 shows a schematic block diaphragm of an exemplary pro-
cess automation system wherein the principles of the invention may be applied
in a valve positioner. The control system block 75 generally represents any
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and all control room computer(s)/programs and process control comput-
er(s)/programs as well as databases, which may be interconnected by a facto-
ry LAN 74, in the automation system. There are various architectures for a
control system. For example, the control system may be a Direct Digital Con-
trol (DDC) system or Distributed Control System (DCS), both well known in the
art.

In the example of Figure 11, only one controlled process valve is
shown, but an automation system may, however, include any number of field
devices, such as control valves, often hundreds of them. There are various
alternative ways to arrange the interconnection between the control system
and field devices, such as control valves, in a plant area. In Figure 10, the
field/process bus 73 generally represents any such interconnection. Tradition-
ally, field devices have been connected to the control system by two-wire
twisted pair loops, each device being connected to the control system by a
single twisted pair providing a 4 to 20 mA analog input signal. More recently,
new solutions, such as Highway Addressable Remote Transducer (HART) pro-
tocol, that allow the transmission of digital data together with the conventional
4 to 20 mA analog signal in the twisted pair loop have been used in the control
systems. The HART protocol is described in greater detail for example in the
publication HART Field Communication Protocol: An Introduction for Users and
Manufacturers, HART Communication Foundation, 1995. The HART protocol
has also been developed into an industrial standard. Examples of other
fieldbuses include Foundation Fieldbus and Profibus PA. However, it is to be
understood that the type or implementation of the field/process bus 73 is not
relevant to the present invention. The field/process bus 73 may be based on
any one of the alternatives described above, or on any combination of the
same, or on any other implementation.

A process valve 71 and a positioner/actuator 72 may be connected
to a process to control the flow of a substance in process pipeline 76. The ma-
terial flow may contain any fluid material, such as fluids, liquors, liquids, gases
and steam.

Figure 12 illustrates an exemplary arrangement wherein a pneumat-
ic actuator 72B operates the process valve 71 under control of the valve posi-
tioner 72A. An example of a process valve 71 is Neles® RotaryGlobe control
valve from Metso Corp. An example of a valve positioner 72A wherein embod-
iments of the invention may be applied is Neles® ND900O intelligent valve con-
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troller from Metso Corp. An example of an actuator 72B is Quadra-Powr X se-
ries pneumatic actuator from Metso Corp.

The operation of an intelligent valve controller, such as valve con-
troller 72A, may be based on a microcontroller, such as a microprocessor (UP),
which controls the position of the valve on the basis of control information ob-
tained from the field connection line or fieldbus 73. The valve controller is pref-
erably provided with valve position measurement, in addition to which it is pos-
sible to measure many other variables, such as supply pressure for pressur-
ized air, pressure difference over actuator piston or temperature, which may be
necessary in the self-diagnostics of the valve or which the valve controller
transmits as such or as processed diagnostic information to the control room
computer, process controller, condition monitoring computer or a similar high-
er-level unit of the automation system via a field bus.

An example block diagram of microcontroller-based intelligent valve
controller, such as valve controller 72A, is illustrated in Figure 13. The exem-
plary valve controller is described for double-acting actuator but similarly, a
valve controller for single-acting actuator can be implemented by using the 3/2
valve assembly 60 according to embodiments of the invention in place of the
5/3 valve assembly 20 and removing unnecessary structures and functionali-
ties.

A controller may include an electronic unit 91 having an electrical
control output 90 and a pneumatic unit 20, 93 that takes in the electrical con-
trol signal 90 and converts it to a corresponding fluid pressure output P1,P2 at
actuator ports C1, C2 connected to an actuator 72B. The pneumatic unit may
comprise a prestage 93 and an output stage 20. The output stage 20 may be
any fluid valve assembly 20 for a double-acting actuator according to embodi-
ments of the invention. The prestage 93 performs an electric-to-pressure (I/P)
conversion of the electrical control signal 90 into a small pilot pneumatic con-
trol signal 95 which is sufficient to control the output stage 20. The supply port
S of the output stage 20 is connected to a supply air pressure. The output
stage 20 amplifies the small pneumatic pilot signal into a larger pneumatic
pressure output signals 96,97 at the actuator ports C1,C2. The device may
contain a Local User Interface (LUI) enabling local configuration. A microcon-
troller 11 controls the valve position. To that end, the microcontroller 91 may
receive an input signal (a set point) over a process/fieldbus 93, such as 4-20
mA pair and HART, and may perform various measurements. The device may
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be powered from a 4—20 mA or fieldbus. The microcontroller 91 may read the
input signal and a valve position sensor 92. The microcontroller may also read
one or more of a supply pressure sensor Ps, a first actuator pressure sensor
P1, a second actuator pressure sensor P2, and an output stage position sen-
sor SPS. A difference between the set point defined by the input signal and the
position measured by the position sensor 92 may be detected by means of a
control algorithm inside the microcontroller 91. The microcontroller 91 calcu-
lates a new value for prestage (PR) coil current 90 based on the information
from the input signal and from the sensor(s). Changed current 90 to the PR
changes the pilot pressure 95 to the output stage 20. The pilot pressure 95
moves the stem 203 of the output stage and the actuator pressures at the ac-
tuator ports C1 and C2 change accordingly, as described with regard to em-
bodiments of the invention above. When the pilot pressure 95 is at a predeter-
mined value, the stem 203 is centered and all flow channels through the meter-
ing edges (poppet rings) are closed, the actuator 72B stays in place. When the
pilot pressure 95 rises from the predetermined value, the stem 203 moves in
the positive direction and air flows from the supply port S to the actuator port
C2 and further therefrom to one side (lower side) of a double diaphragm actua-
tor 72B, the opposite side of the double diaphragm actuator 72B being vented
through the actuator port C1 to the exhaust port X1. The actuator moves in
fully open (100 %) direction. More specifically, the increasing pressure will
move the diaphragm piston 98 upwards. The actuator and feedback shaft 99
rotate. The position sensor 92 measures the rotation for the microcontroller 91.
The microcontroller 91 modulates the PR-current 90 from the steady state val-
ue until a new position of the actuator 90 according to the input signal is
reached. The movement (travel) of the control valve in the opposite direction is
obtained by causing the stem 203 move to the opposite direction (downwards,
in the 0% direction) by decreasing the pilot pressure 95, so that the actuator
port C2 is connected to the exhaust port EX2 and the actuator port C1 is con-
nected to the pneumatic supply port S. It should be appreciated that the illus-
trated valve controller is merely an example and the invention is not limited any
specific implementation of a valve controller.

The description and the related figures are only intended to illustrate
the principles of the present invention by means of examples. Various alterna-
tive embodiments, variations and changes are obvious to a person skilled in
the art on the basis of this description. The present invention is not intended to
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be limited to the examples described herein but the invention may vary within
the scope and spirit of the appended claims
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CLAIMS

1. A fluid valve assembly for connection to a supply of fluid under
pressure for providing an actuator, particularly a hydraulic or pneumatic actua-
tor, with a actuator fluid pressure, comprising:

a valve body with a central bore, the central bore comprising an in-
ner supply pressure chamber, an outer supply pressure chamber connected to
a supply pressure input line; an actuator chamber; and an exhaust chamber;

a stem axially-movable within said central bore and actuated by an
axial pilot force and an axial counter force affecting on the stem;

a metering edge and a counteracting metering edge arranged coax-
ially with and controlled by the stem and arranged to control fluid flow from the
outer supply pressure chamber to the actuator chamber and from the actuator
chamber to the exhaust chamber, respectively;

a seal member arranged coaxially with the stem between the outer
supply pressure chamber and the inner supply pressure chamber;

the inner supply pressure chamber being arranged to retain a stabi-
lized supply pressure providing the axial counter force affecting on the stem
within the inner supply pressure chamber; and

means for stabilizing the supply pressure in the inner chamber.

2. Afluid valve assembly as claimed in claim 1, wherein the means
for stabilizing the supply pressure in the inner chamber comprise a restricted
flow path between the inner supply pressure chamber and the outer supply
pressure chamber.

3. A fluid valve assembly as claimed in claim 2, wherein the re-
stricted flow path is arranged to lower the stabilized supply pressure retained in
the inner supply pressure chamber to the supply pressure in the outer supply
pressure chamber with a predetermined rate.

4. A fluid valve assembly as claimed in claim 2 or 3, wherein the
restricted flow path is arranged to raise the stabilized supply pressure retained
in the inner supply pressure chamber at a predetermined rate, if the supply
pressure in the outer supply pressure chamber is higher than the stabilized
supply pressure retained in the inner supply pressure chamber.

5. A fluid valve assembly as claimed in any one of claims 2-4,
wherein the restricted flow path comprises a flow restrictor.

6. A fluid valve assembly as claimed in claim 5, wherein the flow
restrictor is a flow orifice restrictor, preferably with an orifice diameter of from
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about 0.1 mm to about 0.5 mm, more preferably from about 0.2 mm to about
0.3 mm.

7. A fluid valve assembly as claimed in any one of claims 1-6,
wherein the means for stabilizing the supply pressure in the inner chamber
comprise a check valve or a like flow control device configured to block a sup-
ply pressure flow path between the inner supply chamber and the outer supply
chamber, if the pressure in the outer supply chamber drops below the stabi-
lized supply pressure retained in the inner supply chamber, and arranged to
open the supply pressure flow path otherwise.

8. A fluid valve assembly as claimed in any one of claims 1-5,
wherein the seal member comprises a lip seal, a ring seal, a sealing dia-
phragm or sealing bellows.

9. A fluid valve assembly as claimed in any one of claims 2-5,
wherein the seal member is an annular lip seal arranged to seal the inner sup-
ply pressure chamber from the outer supply pressure chamber, if the pressure
in the outer supply pressure chamber drops below the stabilized supply pres-
sure retained in the inner supply pressure chamber, and arranged to pass the
supply pressure from the outer supply pressure chamber to the inner supply
pressure chamber to raise the stabilized supply pressure retained in the inner
supply pressure chamber, if the supply pressure in the outer supply pressure
chamber is higher than the stabilized supply pressure retained in the inner
supply pressure chamber.

10. A fluid valve assembly as claimed in any one of claims 2-7,
comprising a further restricted flow path from the supply pressure inlet of the
outer supply pressure chamber to a prestage which controls a pilot pressure
and thereby the axial pilot force.

11. A fluid valve assembly as claimed in claim 10, wherein the re-
stricted flow path and the further restricted flow path are dimensioned so that a
rate of change of the axial counter force and the rate of change of the pilot
force due to a change in the supply pressure in the outer supply pressure
chamber are approximately equal.

12. A fluid valve assembly as claimed in any one of claims 1-11,
wherein the means for stabilizing the supply pressure in the inner chamber
comprise a check valve or a like flow control device configured to block a sup-
ply pressure flow path between the inner supply chamber and the outer supply
chamber, if the pressure in the outer supply chamber drops below the stabi-
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lized supply pressure retained in the inner supply chamber, and arranged to
open the supply pressure flow path otherwise.

13. A fluid valve assembly as claimed in any one of claims 1-9,
wherein the means for stabilizing the supply pressure in the inner chamber
comprise a check valve or a like flow control device configured to block a sup-
ply pressure flow path between the inner supply chamber and the outer supply
chamber, if the pressure in the outer supply chamber drops below the stabi-
lized supply pressure retained in the inner supply chamber, and arranged to
open the supply pressure flow path otherwise, and comprising a restricted flow
path from the inner supply pressure chamber to a prestage which controls a
pilot pressure and thereby the axial pilot force.

14. A fluid valve assembly as claimed in any one of claims 1-13,
wherein one of the metering edge and the counteracting metering edge com-
prises a poppet ring supported by flexible element to the stem and the respec-
tive mating seat surface on a valve body, and the other one of the metering
edge and the counteracting metering edge comprises a poppet ring supported
by a flexible element to the valve body and the respective mating seat surface
on the stem, the support arrangement allowing a relative axial movement of
the poppet ring and the supporting valve body or stem also in a closed state of
the respective metering edge.

15. A fluid valve assembly as claimed in any one of claims 1-14,
wherein each of the flexible elements comprises a respective sealing element,
preferably a sealing diaphragm or sealing bellows.

16. A process valve positioner comprising an electronic unit with an
electrical control output, and a pneumatic or hydraulic unit arranged to convert
the electrical control output to a corresponding fluid pressure output to an ac-
tuator, said pneumatic or hydraulic unit comprising a fluid valve assembly ac-
cording to any one of claims 1-15.

17. A process valve positioner according to claim 16, wherein the
pneumatic or hydraulic unit comprises a prestage and an output stage, the
prestage being arranged to convert the electrical control output into a pilot
pressure which is sufficient to control the output stage, the output stage com-
prising a fluid valve assembly according to any one of claims 1-15.

18. Use of a fluid valve assembly according to any one of claims 1-
15 in control of a process valve.
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