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A VALVE AND A METHOD OF CONTROLLING A VALVE IN A FLUID
CONDUIT

Field of the invention

The present invention relates to a valve for regulating fluid flow
and/or pressure in fluid conduits. The fluid conduits can be designed for e.g.
heating, cooling, water supply or industrial manufacturing processes. The

invention also relates to a method of controlling a valve in a fluid conduit.

Backaground art

Fluid distribution systems are designed to feed a fluid from a source to
a consumption point. Each consumption point typically has a calculated and
designed optimal flow or differential pressure requirement. However,
depending on the type of hydronic system, the flow requirement is often
variable over time and can change with factors like seasonality (e.g. summer
or winter) and daily weather conditions. Specifically, the seasonality effect can
lead to changes in the load at the consumption points, and may be due to
factors like temperature changes in the system fluid (e.g. for heating
systems), changes in demand for the system fluid (e.g. for drinking water).

Control valves are frequently used in fluid distribution systems and
have a variable opening such that the flow rate can be adjusted. Specifically,
control valves are provided with a moveable valve closing member inside a
valve body. The opening and the closing function of the control valve can be
regulated based on command signals from a thermostatic device, a sensor or
a Building Management System (BMS) or the like.

The movement of a valve closing member in control valves can be
operated by a pilot actuator. The pilot actuator is adapted to provide a force
that can move a valve ciosing member inside the vaive body in order io open
and close the valve. A typical pilot actuator design consists of a membrane-
sealed chamber, a pre-stressed spring and a fluid connection to an upstream
side of the valve body. The valve closing member is retained by the force of a

pre-stressed pilot spring which is typically set so that the spring urges the pilot
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o keep the valve open and enable a flow there through. The membrane is
operationally connected to the valve closing member through a connection
rod. Depending on the particular implementation, the pilot actuator and some
of its components (e.g. bottom and upper chambers, disc, membrane ring,
membrane, safety spring and main axis) may be quite bulky.

The pilot actuator can be used for regulating flow in both small and
large fluid conduits. However, for large valves the pilot actuator needs to be of
a significant size in order to provide a sufficient opening/closing force in large

fluid conduits with high flow rates.

Summary of the invention

An object of the present invention is to alleviate the drawbacks of the
prior art. This and other objects, which will become apparent in the following,
are accomplished by a valve and a method as defined in the accompanying
independent claims.

According to a first aspect of the present invention, there is provided a
valve (or valve device) having a control function for regulating flow and/or
pressure in a fluid conduit, the valve comprising:

a fluid inlet and a fluid outlet,

a valve closing member for regulating the flow from the inlet to the
outlet, the valve closing member being movable between a closed position
and an opened position,

the valve having a high pressure side upstream of the valve closing

member and a low pressure side downstream of the valve closing member, a

position of the valve closing member,
a first controllable conduit enabling said high pressure side to be in
fluid communication with the variable volume chamber,

G
fluid communication with said variable volume chamber, and
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a control unit for controlling the opening and closing of said first and
second controllable conduits to change the volume of said variable volume
chamber.

The present invention is based on the realization that the difference in
pressure over the valve can be used for regulating the volume of a variable

volume chamber. In particular, by arranging controllable circuits, the supply of

variable opening degree of the main valve is achieved so that the flow rates
can be adjusted in a precise manner. This setup of the variable volume
chamber is more or less independent of the size of the valve. Thus,
advantages include less wear, less maintenance and a space saving in
comparison with today’s solution.

The valve may be installed on a supply pipe to the consumption point
or consumption element (e.g. a radiator), or it may be installed on a return
pipe from the consumption point. In the first case, the high pressure will be
upstream of the valve and the low pressure will be downstream of the valve.
In the second case the low pressure will be upstream of the valve and the
high pressure will be downstream. For simplicity, in the following description it
will be assumed that the valve is on a supply pipe. Thus, in the following, the
high pressure side is the upstream side of the valve body and is thus,
generally, closer to the source. Correspondingly, the low pressure side is
the downstream side of the valve body and is thus, generally, closer to a
consumption point. The limit between the high pressure side and the low
pressure side is defined by the position of a seat, against which the moveable
valve closing member abuts when the valve is closed. Additionally, the
appellations “high pressure” and “low pressure” should be interpreted as
relative values in respect to each other.

The valve normally has a valve body which defines the fluid inlet and
the fluid outlet of the valve. The valve closing member is a movable part
within the valve body. The valve closing member regulates the flow from the
the fluid inlet of the valve body to the fluid outlet of the valve body. In the open
position of valve closing member fluid can pass from the fluid inlet, along the
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valve closing member, to the fluid outlet of the valve body. In the closed
position of the valve closing member, fluid is prevented from passing from the
fluid inlet, along the valve closing member, to the fluid outlet of the valve
body. The valve closing member may, for instance, be embodied as a plug or
a cone which can mate with a seat for obtaining the closed position of the

valve closing member. The valve closing member may, for instance, be

closing member may be a rotatable member having a through passage which
may be shielded by an outer shield in a closed position of the valve closing
member and non-shielded or partly shielded in an open position of the valve
closing member.

The valve is suitably adapted to transfer fluid from said high pressure
side, via said first controllable conduit, to said variable volume chamber, and
to transfer fluid from said low pressure side, via said second controllable
conduit, to said variable volume chamber.

As will be explained in connection with the description of the drawings,
in at least some embodiments, transferring fluid from the high pressure side
to the variable volume chamber causes the valve closing member to move in
a closing direction. Transferring fluid from the low pressure side would thus
cause the valve closing member to move in the opening direction.

In at least some other embodiments, transferring fluid from the high
pressure side to the variable volume chamber causes the valve closing
member to move in an opening direction. Transferring fluid from the low
pressure side would thus cause the valve closing member to move in the
closing direction.

According to an exemplary embodiment, the valve closing member is
subject to a biasing force towards the closed position or towards the opened
position, wherein either an increase or a decrease in volume of the variable
volume chamber counteracts the biasing force.

The biasing force is providing a force in an opposite direction of the
force from the increase or decrease in volume in the variable volume

chamber, such that a reciprocating motion of the valve closing member is



10

15

20

25

30

5

achieved and the valve closing member can be urged to either an opened or

According to an exemplary embodiment, the valve closing member is
axially movable between a closed position and an opened position. For
instance, the valve closing member may be attached or comprise a valve
stem.

According to an exemp
rotationally movable between a closed position and an opened position.
Examples of valves including rotating valve closing members are ball valves
and butterfly valves.

An axial or a rotational movement of the valve closing member
changes the degree of opening of the valve and regulates the flow through
the valve body and/or the differential pressure across the valve.

According to an exemplary embodiment, the variable volume chamber
is partly defined by a moveable separating member, such as a membrane,
diaphragm or piston, wherein the separating member is connected to the
valve closing member.

The moveable separating member can be fixedly attached to the
remaining surface that encloses the variable volume chamber.

Alternatively, the surface can be arranged as two parts sliding into
each other and with a sealed joint in-between the parts. The seal prevents
fluid leakage and loss of pressure inside the variable volume chamber.

According to an exemplary embodiment, the separating member
separates the variable volume chamber from a compartment, the variable
volume chamber being connected to the high pressure side and the low
pressure side of the valve and the compartment being provided with a
pressure relief, for instance, connected to the low pressure side of the valve.
A pressure relief may, for instance, be useful for avoiding expansion of the
chamber due to freezing, or to avoid overheating.

According to an exemplary embodiment, the control unit is operatively
connected to, or comprises an electronically controlled valve device, such as

a solenoid valve device, for selectively and separately opening the first and
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second controllable conduits. However, rather than a solenoid valve device, it
may be any appropriate type of on-off or even modulating valve device.

An advantage with an electronically controlled valve is that it enables a
precise control of the fluid volume inside the variable volume chamber.
According to an exemplary embodiment, the electronically controlled valve

device comprises a glider with two openings, such that a displacement of the

with two openings provides an advantage in that a single electronically
controlled valve unit can handle both the supply and the discharge function of
fluid from the variable volume chamber.

According to an exemplary embodiment, the electronically controlled
valve comprises a glider with two openings, such that displacement of the
glider is an axial displacement. The glider provides three possible settings;
open supply conduit to variable volume chamber, open discharge conduit
from the variable volume chamber and closing both the supply and the
discharge conduits in an intermediate position.

It should be understood that the electronically controlled valve may
comprise other mechanisms than the above mentioned glider. For instance,
according to an exemplary embodiment, the electronically controlled valve
comprises a rotating disc to open/close the conduits. For instance, the
rotating disc may have one or more openings which may be aligned with the
conduits for opening, and displaced relative to the conduits for closing.
Various types of sector principles are also conceivable to use.

According to an exemplary embodiment, the control unit is adapted to
receive an input signal from a Building Management System (BMS), to
translate the signal into a required opening of the electronically controlled
valve device, and to actuate a displacement of the electronically controlled
valve device. A connection between the valve and a BMS enables an
automatic regulation of the flow through the valve.

According to an exemplary embodiment, the valve further comprises
means for determining an actual position of the valve closing member, and to

provide data on the actual position as input to the control unit or the BMS. By
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providing the valve with means for determining the actual position of the valve
closing member, a better accuracy can be achieved in the determination of
the actual flow through the valve.

Although electronically controlled valve devices have been described
above, it should be understood that in other embodiments the valves may be
controlled in other ways. For instance, instead of electronically controlled

controlled valve devices.

According to an exemplary embodiment, the position measurement
device includes a sensor and a position indicator such as a magnet or a RFID
device. A magnet provides a simple and reliable mechanical sensing device,
while a RFID device can be used if there is a need to transfer information
about the valve closing member in a wireless manner.

According to an exemplary embodiment, the valve comprises a valve
body in which said valve closing member is movable, wherein said variable
volume chamber is located outside the valve body. By arranging the variable
volume chamber outside the valve body, the actuator can be designed as a
separate external part. A separate part can provide advantages such as ease
of maintenance and repairs. The actuator can be removed without
dismounting the valve body from the fluid conduits.

According to an exemplary embodiment, the valve is comprising a
valve body in which the valve closing member is movable, wherein the
variable volume chamber is located inside the valve body. An integrated pilot
actuator and valve provide the advantage of a simplified installation process,
as there is no need to install a separate actuator.

According to an exemplary embodiment, the variable volume
chamber is located inside the valve closing member. By arranging the
variable volume chamber inside the closing member, the size of the internal
chamber inside the valve body is efficiently utilized with less added extra
volume to accommodate the variable volume chamber.

According to an exemplary embodiment, the first and second

controllable conduits are formed as channels inside the valve body. By
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casting the controllable conduits inside the valve body, they can be durably

designed, without external hoses.

According to a second aspect of the present invention in accordance

fluid conduit, wherein the valve comprises a valve closing member for

regulating the valve comprises a valve closing member for regulating the flow

fr H
from an inlet {o an outlet

(@)
o)

H

closed position and an opened position, the control valve having a high
pressure side on one side of the valve closing member and a low pressure
side an opposite of the valve closing member,

the method comprising the steps of:

diverting an amount of fluid from the high pressure side or returning to
the low pressure side an amount of fluid which has previously been diverted
from the high pressure side,

utilizing the potential energy of the diverting fluid or the potential
energy of the returning fluid to move the valve closing member.

Accoring to at least one exemplary embodiment, the valve closing
member is movable in a closing direction and in an opening direction, the
method comprising:

diverting an amount of fluid from the high pressure side for moving the
valve closing member in one of said directions, and/or

returning an amount of fluid to the low pressure side for moving the
valve closing member in the other one of said directions. Said directions may,
for instance, be linear or rotary directions.

According to an exemplary embodiment, the method is further
comprising the step of

operating a modulating valve device, such as an on-off valve device,
for selectively diverting or returning the amount of fluid.

According to an exemplary embodiment, the method is further
comprising the steps of:

determining a desired position of the valve closing member,

determining an actual position of the valve closing member,
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performing a continuous feedback loop in order to compare the actual
position to the desired position and to quantify the deviation between the
actual position and the desired position, and

performing an iterative correction of the position of the valve closing

member such that the deviation decreases.

The invention will now be described with reference to the appended
drawings, which by way of example illustrate embodiments of the present
invention and in which:

Fig. 1 is a perspective view of the valve according to an exemplary
embodiment of the present invention, mounted in a hydronic system,

Fig. 2 is a schematic cross-sectional view of a valve according to an
exemplary embodiment of the present invention,

Figs. 3a — 3c are schematic cross-sectional views of an electronically
controlled valve adapted to regulate controllable conduits,

Figs. 4a and 4b are schematic cross-sectional views of a valve
according to an exemplary embodiment of the present invention in a closed
and in an opened position,

Fig. 5 is a schematic cross-sectional view of another exemplary
embodiment of a spring-biased valve closing member according to the
present invention,

Fig. 6 is a cross-sectional view of an exemplary embodiment of the
valve comprising an actuator with a variable volume chamber located outside
a valve body,

Fig. 7 is a flow chart of an exemplary method for regulating the flow
rate through a valve according to the present invention.

Detailed description

In the following description, a valve according to exemplary
embodiments of the present invention is described in the context of a fluid
distribution system. It should be noted that this by no means limits the scope
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of the present invention, which is equally applicable to other types of industrial
applications, such as fluid distribution systems in manufacturing processes
(e.g. chemical processes, heating or cooling for process machines, etc.).
Additionally, the valve may have a valve body which comprises several fluid

inlets and fluid outlets.

pipe, wherein the high pressure side is upstream of the valve and the low
pressure side is downstream of the valve. However, it should be understood
that, although not illustrated in the drawings, valves according to
embodiments of the invention could be installed on return pipes, in which
case the high pressure side would be downstream of the valve, while the low
pressure side would be upstream of the valve.

It should also be noted that, according to the illustrated embodiments,
the complete valve comprises a number of “sub-valves”. For instance, the
valve 100 in Fig. 4a comprises sub-valves in the form of a valve closing
mechanism 114 with its member 116 and seat 118, and controllable valves
134 and 136. Thus, a complete valve, such as the valve 100, could be
referred to as a “valve device” having a number of different valve
mechanisms.

As illustrated in Fig. 1, a valve 200 having a control function is mounted
in a fluid conduit, between a first 104 and a second conduit section 106. The
connection of the valve 200 to the first conduit section 104 presents a fluid
inlet to the valve 200, while the connection to the second conduit section 106
presents a fluid outlet from the valve 200. The valve 200 has a valve body
208 which connects with an upstream side U of the fluid conduit and a
downstream side D of the fluid conduit. The upstream side U may be
connected to a source S, such as a boiler in a heating application or a water
supply, whereas the downstream side D is located closer to a consumption
point C, such as an air handling unit, heat exchanger, fan-coil unit, radiator or
water tap. When there is a flow F of fluid through the valve body 208, the
pressure p,in the upstream side U of the valve body 208 is higher than the
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pressure pq in the downstream side D of the valve body 208, leading to a
pressure differential Ap over the valve 200.

Now referring to Fig. 2, showing a schematic cross-sectional view of a
valve body 108, in which a valve closing mechanism 114 comprising a valve
closing member in the shape of an axially moveable plug 116 and a fixed seat
118 is arranged. The position of the seat 118 defines a limit between the

outlet) of the valve body 108. The plug 116 is connected to a displacement
mechanism 120, such as a displaceable rod which is adapted to move the
plug in an axial direction A. In the illustrated example, the plug 116 is subject
to a biasing force Fy, from a spring member 122, to a normally open position.
The spring member 122 is pre-stressed such that in a natural state without
any other outer influence, the spring member 122 urges the plug 116 away
from the seat 118, such that the valve 100 is opened. Additionally, the plug
116 may be provided with a position indicator 124, such as a magnet inside
the plug 116, which cooperates with a sensing device 126 inside the valve
body 108.

A variable volume chamber 128 is adapted to receive a fluid volume
from the upstream side U of the valve body 108 and discharge a fluid volume
to the downstream side D of the valve body 108. The supply and discharge of
fluid to and from the variable volume chamber 128 is achieved by a first 130
and a second controllable conduit 132, wherein the first controllable conduit
130 is adapted to transfer a fluid volume from the upstream side U of the
valve body 108 and the second controllable conduit 130 is adapted to transfer
a fluid volume from the variable volume chamber 128 to the downstream side
D of the valve body 108. In other words, the first controllable conduit 130
provides a “fill” function of the variable volume chamber 128, whereas the
second controllable conduit 132 provides a “drain” function of the variable
volume chamber 128.

Furthermore, a first 134 and second electronically controlled valve 136
are arranged on the first 130 and the second controllable conduit 132,

respectively, and are adapted to regulate the fluid supply/discharge to and
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from the variable volume chamber 128. The electronically controlled valves
134, 136 can be of a solenoid type valve, or any appropriate on-off valve
device or modulating valve device.

Moreover, as illustrated in Figs. 3a, 3b and 3c, the conduits 130, 132
can be provided with a common electronically controlled valve 135 with the
capability of regulating the supply from the first controllable conduit 130 and

y
illustrated in Figs. 3a-3c, a solenoid valve 135 with a combined function can
be adapted to control the fluid volume inside the variable volume chamber
128. The combined function can be achieved with a combined valve 135
which is operationally connected to the first 130 and the second controllable
conduit 132. An axially moveable slider 105 with an opening 107 is located
inside the housing of the solenoid valve. Three different axial positions of the
opening 107 determine the presence and direction of fluid flow to and from
the variable volume chamber 128. As illustrated in Fig. 3a, the fluid supply is
opened to the variable volume chamber 128 when the opening 107 is aligned
with the first controllable conduit 130. As illustrated in Fig. 3b, the fluid
discharge from the variable volume chamber 128 is enabled when the
opening 107 is aligned with the second controllable conduit 132. Furthermore,
as illustrated in Fig 3c, both the controllable conduits 130, 132 are closed
when the solenoid valve is in an intermediate position.

Now referring back to Fig. 2, the variable volume chamber 128 is partly
defined by a moveable separating member 138, in shape of a membrane,
diaphragm or piston or the like. The variable volume chamber 128 may
comprise a single variable volume chamber 128, or can be designed with an
additional compartment 140 (as in the illustrated example). The two
compartments 128, 140 are separated by the separating member 138. Having
two compartments may present one or more of the following advantages:
robustness of the design, precaution against injury caused by the spring,
protection against insulation, and possibility to have normally opened (NO) or
normally closes (NC) pilot actuator.
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A mechanical member 142, such as a connecting rod, is operationally
connected to the moveable separating member 138. For instance, the
mechanical member 142 can be attached to the inner or to the outer side of
the moveable separating member 138. The mechanical member 142 is also
operationally connected to the axially moveable plug 116. As the volume

inside the variable volume chamber 128 changes, the position of the

are adapted to change accordingly.

Figs. 4a and 4b schematically show how the closing and opening
functions of the valve 100 can be achieved. It may be noted that in Figs. 4a
and 4b one of the electronically controlled valves 134, 136 while the other one
is closed. However, the valve 100 may also be operated with a by-passing
mode in which both electronically controlled valves 134 and 136 may be
opened. This will be exemplified further below.

As illustrated in Fig. 4a, the closing function of the valve 100 is
achieved by increasing the volume inside the variable volume chamber 128.
The volume inside the variable volume chamber 128 is increased by opening
the electronically controlled valve 134 which regulates the first controllable
conduit 130. By opening the valve 134, fluid is supplied from the high
pressure side U of the valve body 108 to the variable volume chamber 128.
Meanwhile, the electronically controlled valve 136, which regulates the
second controllable conduit 132 is kept closed. The volume increase in the
variable volume chamber 128 triggers a movement of the separating member
138 and the mechanical member 142. As the mechanical member 140 is
operationally connected to the plug 116, the movement is transferred to the
plug 116, such that the plug 116 is moved in a direction against the seat 118
and the valve 100 is closed. The volume increase in the variable volume
chamber 128 also compresses the spring-action member 122, such that an
inherent spring biasing force Fy, is stored inside the spring action member
122. Thus, the fluid flowing in from the high pressure side U generates a
greater force on the separating member 138 than the counteracting force of
the spring 122.
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Now referring to Fig. 4b, which schematically shows how the opening
function of the valve 100 can be achieved. Fig. 4b shows that the opening
function of the valve 100 is achieved by decreasing the fluid volume inside the
variable volume chamber 128. To decrease the volume inside the variable
volume chamber 128, the first electronically controlled valve 134 located on
the first controllable circuit 130 is closed, while the electronically controlled
lve 136 on't
pressure is present in the variable volume chamber 128 than on the low
pressure side D of the valve body 108, by opening the second controllable
conduit 132, an amount of fluid is diverted from the variable volume chamber
128 to the low pressure side D of the valve body 108. As the pressure inside
the variable volume chamber 128 decreases, the inherent spring action force
Fy in the spring action member 122 is released and the spring-action force Fy,
moves the separating member 138 to an equilibrium position, in which both
the separating member 138 and the valve 100 are in equilibrium and
stationary.

In the closing and the opening function, the electronically controlled
valves 134, 136 located on the controllable conduits 130, 132 may be
operated selectively and for different durations in time. Consequently, the
degree of opening of the valve 100 is dependent on the actual/corresponding
fluid volume inside the variable volume chamber 128.

In use, a maximum operational flow is first applied to the valve and by
using the combination of a calibration scale and the measured pressure
differential at that maximum operational flow rate, the optimal maximum
separation of the plug 116 and seat 118 is identified and the valve 100
adjusted to restrict the maximum separation to that optimum. The movement
of the valve closing member 116 between a closed position and the optimum
maximum opening position in the normal operation of the valve can be
achieved in response to an external control signal.

As mentioned previously, a by-pass mode may be used for the valve
100 in Figs. 4a and 4b and also for other embodiments of the inventive
concept. Thus, purely for illustrating purposes, a practical example of how the
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function of the valve 100 in Figs. 4a and 4b could be implemented in a fluid
distribution system will now be presented. Thus, other modes of operation
and/or in other contexts are also conceivable. The valve 100 is normally
open, i.e. the valve closing member 116 is separated from the valve seat 118.
Both the first and the second electronically controlled valves 134, 136 may be

open, so that there is a by-pass flow from the upstream side U to the

chamber 128 and the second controllable conduits 132. The spring 122 keeps
the valve fully open. The spring 122 is strong enough to overcome the force
of the pressure drop in the first and second controllable fluid conduits 130,
132, which with the by-pass function affect the separating member 138. When
the temperature at a consumption point downstream of the valve increases
and reaches a setting value in the BMS (Building Management System), the
second controllable valve starts to close. The by-pass flow through the
conduits 130, 132 decreases and the high pressure fluid from the upstream
side U will provide a pressure on the separating member 138 to close the
valve closing mechanism 114. The second electronically controllable valve
136 and the valve closing mechanism 114 will remain closed as long as the
temperature at the consumption point does not go below the setting value. If
the temperature at the consumption point decreases below the setting value,
the controllable valve 136 will open again, thereby moving the valve closing
member 116 away from the valve seat 118 to allow fluid flow through the
valve in order to increase the temperature at the consumption point.

Fig. 5 shows an exemplary embodiment of how the valve closing
member 116 can be spring biased towards a normally closed position. As
illustrated in Fig. 5, the valve closing member can be spring-biased such that
it displaces the mechanical member 142 such that the plug 116 is urged
against the seat 118. Thus, opening of the valve is achieved by allowing fluid
to flow from the high pressure side U through the first controllable conduit 130
into the variable volume chamber 128, while keeping the valve 136 in the
second controllable conduit closed. The inflow of fluid into the variable volume
chamber 128 will, as in the previously illustrated embodiments, cause an
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increase of the variable volume chamber 128, which will press the separating
member 138 so that the biasing force Fy, of the spring 122 is counteracted. As

a result, the valve closing member 116 will move away from the valve seat
118.

Fig. 6 illustrates a cross section of the valve 200 in Fig. 1, in
accordance with at least one exemplary embodiment. The valve 200

arranged inside the valve body 208. The plug 216 is retained on a shaft 260
with an axis passing through the center of the plug 216.

A connecting rod 242 is arranged with one distal end in contact with a
moveable separating member 238 of the variable volume chamber 228. The
other distal end of the connecting rod 242 is arranged inside the valve body
208 and is provided with a toothed portion 243. In order to transform an axial
movement of the connecting rod 242 to an axial movement of the plug 216, a
motion converting arrangement is arranged inside the valve body 208.

For instance, the motion converting arrangement may comprise a
pinion gear 246 and a cam follower assembly 248 such that the pinion gear
246 engages with the toothed portion 243 of the connecting rod 242. The
pinion gear 246 is fixedly mounted to a cam plate 250 which incorporates a
guide 252 for the cam follower assembly 248. The cam follower assembly 248
is fixedly mounted on the shaft 260 and the pinion gear 248 passes through a
slot in the shaft 260 so as not to obstruct its axial movement. As the rod 242
moves axially, the pinion gear 248, through its engagement with the toothed
portion 243, is forced to rotate and the cam plate 250 rotates with it. As the
cam plate 250 rotates, the cam follower assembly 248 is forced to travel in
the cam guide 252 carrying with it the shaft 260. The plug 216 carried on the
shaft 260 is also forced to move axially whereby the separation distance
between the plug 216 and seat 218 is adjusted.

A first controllable conduit or passageway 270 is provided for allowing
the high pressure fluid on the upstream side U to be arranged in fluid
communication with the variable volume chamber 228. A second controllable
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conduit or passageway 272 is provided for allowing the low pressure fluid on
the downstream side D to be arranged in fluid communication with the
variable volume chamber 228. The general operating principle is similar to
that shown in Figs. 4a and 4b. Thus, a spring 282 is provided for biasing the
valve closing member 216 away from the seat 218, i.e. to a “normally open
position”. However, when the first controllable conduit 270 is open and the

volume of the variable volume chamber and press the separating member
238 downwardly against the force of the spring 282, thereby moving the valve
closing member 216 in a direction towards the valve seat 218. Then, when
the second controllable conduit 272 is opened and the first controllable
conduit 270 is closed, the high pressure fluid in the variable volume chamber
will, due to the differential pressure flow into the downstream side D where a
lower pressure is present. This causes the valve closing member 216 to move
away from the valve seat 218. It should be understood that other
embodiments, the spring 282 could be arranged on the opposite side (above
as seen in the drawing) of separating member 238 in order to bias the valve
closing member towards a “normally closed position”, in which case the ports
to/from the first and second controllable conduits 270, 272 would be located
below (as seen in the drawing) the separating member 238.

Fig. 7 illustrates a flow diagram of an exemplary method for controlling
a valve in a fluid conduit such that the flow rate through the valve or the
pressure absorbed by the valve can be adjusted. The method includes the
following steps:

In a first step S1, the required flow rate in the fluid conduit is
determined. For instance, the required flow rate or differential pressure can
be determined by a control unit which is connected to a BMS system, or by a
sensor or a thermostat connected to the valve body.

In a second step S2, the required position of the valve closing member
is determined. This step can be performed by a control unit that calculates the
position of the valve closing member by any suitable means, such as by
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means of a temperature sensor, differential pressure sensor, electro-magnetic
sensor, BMS, etc.

In a third step S3, the required volume inside the variable volume
chamber is determined. This step can be also be performed by a control unit,
which determines the required volume inside the variable volume chamber

based on predetermined relationships between the volume inside the variable

In a fourth step S4, the electronically controlled valve on the
controllable conduits is operated, such that the required fluid amount is
supplied to or diverted from the variable volume chamber, whereby the valve
closing member is brought into the required position.

In a fifth step S5, the electronically controlled valve is closed when the
required position of the valve closing member is achieved.

In a sixth step S6, the actual position of the valve closing member can
be determined such that the degree of opening of the valve is determined.

Optionally and/or additionally, in a seventh step S7, the actual flow rate
through or differential pressure across the valve is determined. To determine
the actual flow rate, a differential pressure sensor or a flow meter can be
used.

Optionally and/or additionally, in an eight step S8, a continuous
position feedback loop may be performed in order to compare the actual
position to the desired position. Any potential deviation between the actual
position and the desired position can be determined, and iterative corrections
of the position of the valve closing member can be carried out.

The skilled person will realize that the present invention is by no means
limited to the described exemplary embodiments. For instance, the valve may
also be provided with a balancing function and pressure ports for reading the
differential pressure. The balancing function provides the possibility of
regulating the max/min lift/flow/opening. Furthermore, measurements of the
actual flow through the valve or the differential pressure over the valve can be

captured through pressure ports to which a measuring unit can be connected



10

19

to pressure measuring tool. A person confined with regulating the flow rates
would then manually set the maximum and minimum flow restrictions.

The mere fact that certain measures are recited in mutually different
dependent claims does not indicate that a combination of these measures
cannot be used to advantage. Moreover, the expression “comprising” does

not exclude other elements or steps. Other non-limiting expressions include

o
>
O
A
O
D

functions of several means. Any reference signs in the claims shoul
construed as limiting the scope. Finally, while the invention has been
illustrated in detail in the drawings and in the foregoing description, such
illustration and description is considered to be illustrative or exemplary and
not restrictive; the invention is not limited to the disclosed embodiments.
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CLAIMS

1. A valve having a control function for regulating flow and/or pressure
in a fluid conduit, the valve comprising:

a fluid inlet and a fluid outlet,

a valve closing member for regulating the flow from the inlet to the
outlet, the valve closing member being movable between a closed position
and an opened position,

the valve having a high pressure side upstream of the valve closing
member and a low pressure side downstream of the valve closing member, a
variable volume chamber being operatively connected to the valve closing
member, such that a change of volume of the chamber causes a change in
position of the valve closing member,

a first controllable conduit enabling said high pressure side to be in
fluid communication with said variable volume chamber,

wherein the valve further comprises

a second controllable conduit enabling said low pressure side to be in
fluid communication with said variable volume chamber, and

a control unit for controlling the opening and closing of said first and
second controllable conduits to change the volume of said variable volume

chamber.

2. The valve according to claim 1, wherein

the valve is adapted to transfer fluid from said high pressure side, via
said first controllable conduit, to said variable volume chamber, and wherein

the valve is adapted to transfer fluid from said variable volume
chamber, via said second controllable conduit, to said low pressure side.

3. The valve according to any one of claims 1-2, wherein the valve

closing member is subject to a biasing force towards the closed position or
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towards the opened position, wherein either an increase or a decrease in

volume of the variable volume chamber counteracts the biasing force.

4. The valve according to any one of claims 1-3, wherein the variable
volume chamber is partly defined by a moveable separating member, wherein
the separating member is connected to the valve closing member.

5. The valve according to claim 4, wherein the separating member is a

membrane, diaphragm or piston.

6. The valve according to any one of claims 4 or 5, wherein the
separating member separates the variable volume chamber from a
compartment, the variable volume chamber being connected to said high
pressure side of the valve and the compartment being connected to said low
pressure side of the valve.

7. The valve according to any one of claims 1-6, wherein the control
unit is operatively connected to, or comprises an electronically controlled
valve device, for selectively and separately opening the first and second

controllable conduits.

8. The valve according to claim 7, wherein the electronically controlled
valve device is a modulating valve device, an on-off valve device or a

solenoid valve device.

9. The valve according to any one of claims 7 or 8 wherein the
electronically controlled valve device comprises a glider with two openings,
such that a displacement of the glider is adapted to open one of the

controllable conduits at a time.

10. The valve according to any one of claims 7-9, wherein the control
unit is adapted to receive an input signal from a Building Management

System (BMS), to translate the signal into a required opening of the
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electronically controlled valve device, and to actuate a displacement of the
electronically controlled valve device.

11. The valve according to claim 10, wherein the valve further
comprises means for determining an actual position of the valve closing
member, and to provide data on the actual position as input to the control unit
or the BMS.

12. The valve according to any one of claims 1-11, comprising a valve
body in which said valve closing member is movable, wherein said variable

volume chamber is located outside the valve body.

13. The valve according to any one of claims 1-11, comprising a
valve body in which said valve closing member is movable, wherein said

variable volume chamber is located inside the valve body.

14. The valve according to claim 13, wherein the variable volume

chamber is located inside the valve closing member.

15. The valve according to any one of claims 13-14, wherein the first
and second controllable conduits are formed as channels inside the valve
body.

16. A method for controlling a valve in a fluid conduit, wherein the
valve comprises a valve closing member for regulating the flow from an inlet
to an outlet, the valve closing member being movable in a closing direction
and an opening direction, the control valve having a high pressure side on
one side of the valve closing member and a low pressure side on an opposite
side of the valve closing member,
the method comprising the steps of:

diverting an amount of fluid from the high pressure side for moving the

valve closing member in one of said directions, and
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returning an amount of fluid to the low pressure side for moving the

valve closing member in the other one of said directions.

17. The method according to claim 16, further comprising the step of
operating a modulating valve device, for selectively diverting or

returning said amount of fluid.

18. The method according to claim 17, wherein the modulating valve

device is an on-off valve device.

19. The method according to any one of claims 16-18, further
comprising the steps of:

determining a desired position of the valve closing member,

determining an actual position of the valve closing member,

performing a continuous feedback loop in order to compare the actual
position to the desired position and to quantify the deviation between the
actual position and the desired position, and

performing an iterative correction of the position of the valve closing
member such that the deviation decreases.



