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An adjustable differential pressure control valve has a first
housing part with one or more fluid entry openings and one
or more fluid exit openings. The valve is provided with a
movable throttle member configured for regulating the
through flow area of the exit openings in response to a
difference in pressure across the throttle member, and a
spring arrangement configured for providing a spring force
acting on the throttle member in a direction that increases the
through flow area of the exit openings. The spring arrange
ment comprises at least a first and a second spring, and the
spring arrangement is adjustable to operate in a low pressure
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mode with the spring force acting on the throttle member
being provided by the first spring only, and to operate in a
high pressure mode with the spring force acting on the
throttle member being provided by at least both the first and
second springs.

18 Claims, 7 Drawing Sheets
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in which the second spring is not providing a spring force to
the throttle member, and a high pressure setting, in which the
second spring is positioned for providing a spring force to
the throttle member.

Thus, when the second spring is in the low pressure
setting, only the first spring is positioned for providing a
spring force to the throttle member, and the spring arrange
ment is operating in the low pressure mode. When the
second spring is in the high pressure setting, both the first

10 and second springs may be positioned for providing a spring
force to the throttle member, and the spring arrangement is
operating in the high pressure mode.

In an embodiment the bottom part of the first spring is
arranged at a fixed position along the axis of compression,

15 while the position of the bottom part of the second spring is
adjustable along the axis of compression.

In an embodiment the first and second springs have
different diameters, and the second spring may encompass
the first spring when the spring arrangement is adjusted to

20 operate in the high pressure mode. It is also within an
embodiment that the first spring encompasses the second
spring when in the high pressure mode.

In an embodiment the valve or valve insert further com
prises a spindle holding first and second springs supports,

25 where the spindle is arranged along the compression axis of
the springs with the springs encompassing at least part ofthe
spindle. Here, the bottom part of the first spring may be
supported by the first spring support and the bottom part of
the second spring may be supported by the second spring

30 support, and the second spring support may be moved in the
axial direction of the spindle for adjusting the position ofthe
second spring.

In an embodiment the spindle and the second spring
support are configured for moving the second spring support

35 by rotating the spindle.
In an embodiment the throttle member comprises a piston.

The piston may have an inner part receiving the spring force
provided by the spring arrangement and an outer part
cooperating with the one or more exit openings to thereby

40 regulate the through flow area.
In an embodiment the throttle member comprises a dia

phragm or rolling diaphragm having an inner part receiving
the spring force provided by the spring arrangement and an
outer part cooperating with the one or more exit openings to

45 thereby regulate the through flow area.
In an embodiment the inner peripheral edge of the dia

phragm is secured to the upper part of a cap being axially
displaceable along the compression axis of the springs, and
the lower part of the cap is configured for receiving the

50 upper ends of the first and second springs.
In an embodiment the cap is axially displaceable arranged

on the spindle, with the springs arranged between the cap
and the spring supports.

In an embodiment the first housing part defines a first
55 chamber with the entry openings being configured at a lower

part and the exit openings being configured at an upper part
of the first chamber. Here, the throttle member may be
arranged in the upper part of the first chamber for regulating
the through flow area of the exit openings.

In an embodiment the outer peripheral edge of the rolling
diaphragm is secured to the walls of the first chamber above
the exit openings.

In an embodiment the valve or valve insert further com
prises a second housing part defining a second chamber

65 above the diaphragm and the first chamber, with the pressure
in the first chamber acting on the diaphragm for increasing
the through flow area of the exit openings and the pressure

SUMMARY

1
ADJUSTABLE VALVE

FIELD OF THE INVENTIONS

BACKGROUND OF THE INVENTIONS

Differential pressure control valves, DPC valves, are used
particularly in connection with systems for heating or cool
ing, but in general everywhere where there is a need for
maintaining a constant differential pressure over an inlet side
with a supply pipe and an outlet side with a return pipe,
irrespective of the amount flowing therethrough.

With differential pressure control valves it is possible to
maintain a substantially constant differential pressure, DP,
between the supply pipe and the return pipe. This constant
differential pressure, which is regulated by the differential
pressure control valve, is also called the set-point of the
differential pressure control valve.

The differential pressure, DP, which ideally is to be held
constant, is determined by the system, which thereby also
determines the pre-setting value or set-point of the differ
ential pressure control valve.

The differential pressure to be held constant, will vary
within a wide pressure range for different systems, and may
vary within a range of 5 to 75 kPa. In order to cover such a
wide differential pressure range, several differential pressure
control valves are needed, where the valves have different
springs providing different spring forces.

It would be advantageous to have a single differential
pressure control valve covering a wide range of differential
pressure, whereby the number of different valves for cov
ering different DP ranges can be reduced.

The disclosure relates to a valve, which can be used as a
control valve in liquid-carrying systems, which control
valve is of the type adapted to serve as a differential pressure
control valve.

It is an object of the invention to provide an adjustable
valve, which can be used as a differential pressure control
valve covering a large range of DP pre-setting values.

This object is achieved in accordance with a first aspect by
providing an adjustable valve or valve insert, the valve or
valve insert comprising:

a first housing part with one or more fluid entry openings
and one or more fluid exit openings,

a movable throttle member configured for regulating the
through flow area of the exit openings in response to a
difference in pressure across the throttle member,

a spring arrangement configured for providing a spring
force acting on the throttle member in a direction that
increases the through flow area of the exit openings,

wherein the spring arrangement comprises at least a first
and a second spring, and

wherein the spring arrangement is adjustable to operate in
a low pressure mode with the spring force acting on the
throttle member being provided by the first spring only,
and to operate in a high pressure mode with the spring 60

force acting on the throttle member being provided by
at least both the first and second springs.

In an embodiment the first and second springs are com
pression coil springs placed along the same axis of com
pression, and the first spring is positioned for providing a
spring force to the throttle member, while the position of the
second spring is adjustable between a low pressure setting,
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DETAILED DESCRIPTION OF THE
INVENTIONS

FIG. 1 is a block diagram illustrating a heating system 1
configured for maintaining a constant differential pressure
over an inlet side and an outlet side. The system 1 has a inlet
2 supplied by heated liquid from a pump (not shown in FIG.
1). A partner valve 3 is arranged at the inlet side 2, with the
outlet of the partner valve 3 connected to a supply pipe 4 for
supplying a number ofheat dissipating elements or radiators
6a, 6b, 6c, each having a corresponding thermostat valve Sa,
Sb, Sc, at the supply side 4. The outlets of the radiators 6a,
6b, 6c, are connected to a return pipe 7, which is fed to an
inlet of a differential pressure control vale, DPC valve, 8,
with the outlet of the DPC valve 8 connected to an outlet 10.
The DPC valve 8 has a control port connected to an end of
capillary tube 9, which at the other end is connected to the
partner valve 3.

The pump supplies the liquid at a pressure resulting in a
pressure difference DPin between the pressure Pin at the
inlet side 2 and the pressure Pout at the outlet side 10. The
pressure PI at the output side of the partner valve 3, which
pressure is substantial equal to the pressure at the supply
pipe 4, is supplied via the capillary tube 9 to the DPC valve
8. The pressure P2 at the inlet side of the DPC valve 8 is
substantial equal to the pressure at the return pipe 7, with a
differential pressure DP equal to (Pl-P2) being defined from
the supply pipe 4 to the return pipe 7.

When liquid is flowing in the system 1, there is a pressure
drop (Pin-PI) across the partner valve 3, a differential
pressure drop DP=(PI-P2) across the radiators 6a, 6b, 6c,
and a pressure drop (PZ-Pout) from the inlet side to the
outlet side of the DPC valve 8. The DPC valve 8 senses
changes in DP by sensing changes between the pressure at
the control port and the pressure at the inlet side of the valve
8. The DPC valve 8 is configured to maintain the differential
pressure drop DP across the radiators 6a, 6b, 6c as constant
as possible, which is done by changing to output flow area
in response to changes in DP, thereby counter balancing any

40 changes in DP.
The sizing of the pump supplying the liquid and thereby

the pressure Pin at the inlet side 2 increases with the number
of heat dissipating elements or radiators 6. The increase in
inlet pressure Pin is followed by an increase in the maximum

45 differential pressure DP across the radiators 6. Thus, a larger
system requires a higher maximum DP being maintained by
the DPC valve 8, which requires a higher DP pre-setting for
the DPC valve 8.

When using a known DPC valve, such as the FlowCon®
50 DPCV valve, in the system 1, the DPC valve 8 comprises a

diaphragm positioned inside a diaphragm housing, the dia
phragm is arranged between a low pressure chamber con
nected through the valve inlet with the return pipe 7 and a
high pressure chamber connected to the supply pipe 4 via the

55 capillary tube 9. A spring is arranged in the low pressure
chamber for providing a spring force acting on the dia
phragm to counter balance the pressure from the high
pressure chamber. The diaphragm is further arranged for
increasing the output flow area of the DPC valve 8 in

60 response to a decrease in the differential pressure, DP, across
the diaphragm and to increase the output flow area of the
DPC valve 8 in response to an increase in the differential
pressure, DP, across the diaphragm. Thus, the diaphragm is
arranged for regulating the output flow area of the DPC

65 valve 8 in response to a change in the pressure difference
across the diaphragm, and thereby to connter balance a
change in DP. By setting the spring in a more or less

3

BRIEF DESCRIPTION OF THE DRAWINGS

In the following detailed portion of the present disclosure,
the invention will be explained in more detail with reference
to the example embodiments shown in the drawings, in
which:

FIG. 1 is a block diagram illustrating the arrangement of
a differential pressure control valve within a heating system;

FIG. 2 is a cross-sectional view of a valve insert for a
differential pressure control valve operating in a low pres
sure mode with a low control pressure according to an
example embodiment;

FIG. 3 is a cross-sectional view of the valve insert of FIG.
2 operating in a low pressure mode with a relatively high
control pressure according to an example embodiment;

FIG. 4 is a cross-sectional view of the valve insert of FIG.
2 operating in a high pressure mode with a low control
pressure according to an example embodiment;

FIG. S is a cross-sectional view of the valve insert of FIG.
2 operating in a high pressure mode with a relatively high
control pressure according to an example embodiment;

FIG. 6 is a cross-sectional view of a differential pressure
control valve according to an example embodiment; and

FIG. 7 is a diagram with curves showing changes in
differential pressure as a function of increased fluid flow for
systems including a differential pressure control valve, each
system requiring a different pre-setting for the differential
pressure according to an example embodiment of the present
disclosure.

in the second chamber acting on the diaphragm for decreas
ing the through flow area of the exit openings.

In an embodiment the second housing part holds a control
port in fluid connection with the second chamber.

In an embodiment the spring arrangement further com
prises a third spring. When provided with a third spring, the
spring arrangement may be adjustable to operate in the high
pressure mode with the spring force acting on the throttle
member being provided by the first, second and third
springs. The spring arrangement may further be adjustable to 10

operate in an intermediate pressure mode with the spring
force acting on the throttle member being provided by the
first and second springs, and not by the third spring. The
first, second and third springs may be placed along the same 15

axis of compression.
In an embodiment the spring arrangement further com

prises a fourth spring. When further provided with third and
fourth springs, the spring arrangement may be adjustable to
operate in the high pressure mode with the spring force 20

acting on the throttle member being provided by the first,
second, third and fourth springs. The spring arrangement
may further be adjustable to operate in several intermediate
pressures mode, wherein for a first intermediate pressure
mode the spring force acting on the throttle member is 25

provided by the first and second springs, and not by the third
and fourth springs, and wherein for a second intermediate
pressure mode the spring force acting on the throttle member
is provided by the first, second and third springs, and not by
the fourth spring. The first, second, third and fourth springs 30

may be placed along the same axis of compression.
The foregoing and other objects are achieved by the

features of the independent claims. Further implementation
forms are apparent from the dependent claims, the descrip- 35

tion and the figures. These and other aspects of the invention
will be apparent from the embodiments described below.
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compressed position, the spring force acting on the mem
brane can be adjusted, whereby the differential pressure
across the membrane, and thereby the system DP, can be set
to the DP required by the system. However, the DP range of
this known DPC valve is limited by the possible adjustment 5

of the spring force being delivered by the spring.
It is noted that the known DPC valve having a diaphragm

for regulating the valve output flow area is not fully capable
of maintaining a constant DP as a function of fluid flow
through the system 1. The highest DP value is obtained at 10

low flow rate values, and as the flow through the pipes 4 and
7 increases, which happens when the thennostat valves 5
open up for more liquid, the pressure PI at the supply pipe
4 initially decreases, while the pressure P2 at the retum pipe 15

7 initially increases, with the result that the differential
pressure DP=(P1-P2) decreases. This initial drop in DP
causes the diaphragm to increase the output flow area of the
DPC valve 8, which causes a drop in the return pipe pressure
P2, giving a rise in DP to at least partly counter balance the 20

initial change in DP and stabilize the differential pressure DP
at a value a bit below the start value of DP.

FIGS. 2 to 5 are cross-sectional views of a valve insert
100 for a DPC valve operating in different pressure modes
according to an example embodiment. When in use, the 25

valve insert 100 fonns part of a DPC valve as illustrated in
FIG. 6. By using the valve insert 100, a DPC valve can
operate within a DP range, which is larger than the DP range
of known DPC valves.

The insert of FIGS. 2 to 5 has a first housing part 101 with 30

fluid entry openings 102 and fluid exit openings 103. A
throttle member in form of a diaphragm 104 is provided for
regulating the through flow area of the exit openings 103 in
response to a difference in pressure across the diaphragm
104, with a spring arrangement 105 being placed below the 35

diaphragm 104 and configured for providing a spring force
acting on the diaphragm 104 in a direction for increasing the
through flow area of the exit openings 103. The spring
arrangement 105 comprises a first spring 106 and a second
spring 107. The first and second springs 106, 107 are 40

compression coil springs placed along the same axis of
compression. The insert is also provided with a spindle 108
holding a first spring support 109 and a second spring
support 110, where the spindle 108 has a threaded lower part
111, which threadedly connects to the second spring support 45

110, whereby the second spring support 110 can be moved
in the axial direction of the spindle 108 by rotating the
spindle 108. The first spring support 109 is a fixed part ofthe
spindle 108 and placed above the threaded part 111 of the
spindle 108. The first and second springs 106, 107 are 50

arranged to encompass a part of the spindle 108 with the
spindle 108 extending along the compression axis of the
springs 106, 107. The bottom part of the first spring 106 is
supported by the first spring support 109, and the bottom
part of the second spring 107 is supported by the second 55

spring support 110. Thus, the position of the second spring
107 can be adjusted in the axial direction of the spindle 108
by movement ofthe second spring support 110 relative to the
spindle 108. The first and second springs 106, 107 have
different diameters, and for the insert 100, the diameter of 60

the second spring 107 is larger than the diameter of the first
spring 106. Thus, the second spring 107 may encompass at
least a part of the first spring 106, depending on the position
of the second spring support 110. It is also within embodi
ments of the disclosure that the diameter of the second 65

spring 107 is smaller than the diameter of the first spring
106.

6
The diaphragm 104 may be a rolling diaphragm having an

inner peripheral edge secured to the upper part of a cap 112,
which is arranged axially displaceable along the spindle 108.
The outer peripheral edge of the rolling diaphragm 104 is
secured to the walls of the first housing part 101 above the
exit openings. The lower part ofthe cap 112 is configured for
receiving the upper ends of first and second springs 106,
107, with the springs 106, 107 arranged between the cap 112
and the spring supports 109, 110. This arrangement allows
the inner part of the diaphragm 104 to receive a spring force
supplied by one or both of the springs 106, 107 to the cap
112, while the outer part of the diaphragm 104 can cooperate
with the exit openings 103 in response to a pressure differ
ence across the diaphragm 104 and the spring force provided
by the spring arrangement 105.

For the embodiment of an insert 100 shown in FIG. 2, the
cap 112 has an inner sliding part 113, which slidingly
connects the cap 112 to the spindle 108. The lower end ofthe
sliding part 113 is configured to receive or abut with the
upper end of the first spring 106, while the outer diameter of
the lower end ofthe sliding part 113 is smaller than the inner
diameter of the second spring 107, whereby the upper end of
the second spring is allowed to be received in the cap 112
while encompassing the first spring 106 and the lower end
of the sliding part 113.

The first housing part 101 defines a first chamber 114,
with the entry openings 102 provided at the lower part and
the exit openings 103 provided at the upper part of the first
chamber 114. The diaphragm 104 is arranged for regulating
the through flow area of the exit openings 103 at the upper
part of the first chamber 114. The outer peripheral edge of
the rolling diaphragm 104, which is secured to the walls of
the first housing part 101, is thereby also secured to the walls
of the first chamber 114 above the exit openings 103.

The insert 100 also has a second housing part 115, which
defines a second chamber 116 above the first chamber 114,
with the diaphragm 104 providing an interface between the
first and second chambers 114, 116. The pressure in the first
chamber 114 acts on the diaphragm for 104 in a direction
that increases the through flow area of the exit opening and
the pressure in the second chamber 116 acts on the dia
phragm 104 in a direction for decreasing the through flow
area of the exit openings.

The pressure in the first chamber 114 is provided by fluid
received at the entry openings 102, while the pressure in the
second chamber is provided by fluid received through a
control port 117, which is in fluid connection the second
chamber 116.

In order to rotate the spindle 108 and thereby adjust the
position of the bottom part of the second spring 107, a shaft
118 is provided at the upper part of the insert 100. The upper
part of the insert 100 also holds an outer jacket 119. A sleeve
120 having an external thread is arranged to encompass part
of the shaft, and further arranged to rotate together with the
shaft 118. An indicator, not shown in FIG. 2, may be
threadedly connected to the sleeve 120, whereby the indi
cator is moved between different indicator positions when
the shaft 118 is rotated to adjust the position of the second
spring 107.

The exit openings 103 are formed as longitudinal slits
extending in the direction of the spindle 108 and the spring
compression axis. Thus, in order to move the rolling dia
phragm 104 from a position in which the openings 103 are
fully closed and to a position in which the openings 103 are
fully open, the diaphragm 104 needs to be moved along the
spindle 108 at a distance equal to or larger than the longi
tudinal extension of the opening slits 103.
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the capillary tube 9, and the entry openings 102 will be in
fluid connection with the return pipe 7. Thus, the difference
in fluid pressure across the membrane 104 is equal to the
differential pressure DP of the system, which is ideally to be

5 held constant.
For systems requiring a high value of the maximum

differential pressure DP, there will be a high pressure dif
ference across the diaphragm 104, urging the diaphragm 104
to close off the through flow area of the exit openings 103.

10 In order to maintain a flow through the valve with the insert
100, the spring force acting on the diaphragm 104 needs to
match the required DP, and to be increased with increased
maximum DP.

The possible DP range, in which a DPC valve with the
15 insert 100 can operate, is determined by the dimensions and

spring forces of the first and second springs 106, 107
together with the arrangement of the springs 106, 107
relative to the diaphragm 104. In order to operate in systems
requiring a high flow rate at a low value of DP, the first

20 spring 106 is selected to have a very low spring constant, and
the first spring 106 must have a length to reach from the first
spring support 109 to the lower receiving end of the sliding
part 113 of the cap 112, when the cap 112 and the diaphragm
104 are in an uppermost position along the spindle 108

25 providing a maximum through flow area for the exit open
ings 103. When having a low spring force for the first spring
106, the movement of the cap 112 and the diaphragm 104
downwards along the spindle 108, which is caused by an
increase in the value of DP when the flow rate decreases,

30 will be quite large in order to obtain a compression of the
first spring 106 to counter balance the increase in the value
ofDP.

When operating in systems requiring a very low value DP
range, it is preferred that the spring force acting on the

35 diaphragm 104 is provided by the first spring 106 only. Here,
the length and arrangement of the second spring 107 may be
determined so that there is substantially no compression of
the second spring 107 and thereby substantially no spring
force delivered by the second spring 107 to the diaphragm

40 104, when the cap 112 and the diaphragm 104 is moved from
the uppermost to the lowermost position along the spindle
108, where in the lowermost position the diaphragm 104 is
arranged to provide a minimum flow area for the exit
openings 103. This situation is illustrated in FIGS. 2 and 3,

45 where the insert 100 is set to operate in a first, low value DP
range, with the second spring support 110 and the second
spring 107 set to the lowest position along the spindle 108.

In FIG. 2 the insert 100 is operating with a high flow rate
and a low control pressure in the second chamber 116, and

50 the diaphragm 104 is in the uppermost position providing a
maximum through flow area for the exit openings 103. The
counter balancing to be supplied by the spring force of the
first spring 106 is at a minimum, and the first spring 106
reaches from the first spring support 109 to the cap 112 with

55 a minimum of compression, while the second spring 107 is
fully relaxed without any contact to cap 112. In FIG. 3 the
insert 100 is operating with a low flow rate and a higher
control pressure in the second chamber 116, and the dia
phragm 104 is in the lowermost position providing a mini-

60 mum through flow area for the exit openings 103. The first
spring 106 is compressed to provide its maximum counter
balancing spring force to the diaphragm 104, while the
second spring 107 reaches from the second spring support
110 to the cap 112 substantially without being compressed

When operating in systems requiring a high DP value
range, it is preferred that the spring force acting on the
diaphragm 104 is provided by both the first spring 106 and

The insert 100 holds a number of sealing rings (a-rings)
121, 122, 123a, 123b, 124, 125 and 126, with sealing rings
121 and 122 being outer sealing rings for sealing the insert
100 to a valve housing as described in connection with FIG.
6.

The first and second housing parts 101, 115 and the
control port 117 of the insert 100 is in an embodiment made
from a suitable metal alloy, such as e.g. bronze (including
gunmetal), brass (including corrosion-resistant and dezinci
fication resistant brass, DZR or DR), ductile iron or steel
(including stainless steel) and can be manufactured by a
suitable molding technique such as hot pressing, die casting
or forging.

For the embodiment of a valve insert 100 illustrated in
FIGS. 2 to 5, the moveable throttle member is formed by a
diaphragm 104. However, it is also within one or more
embodiments of the present disclosure that the movable
throttle member comprises or is formed by a piston. The
piston may be moved in the direction of the spring com
pression axis to regulate the through flow area of the exit
openings. The piston may have an inner part receiving the
spring force provided by the spring arrangement and an
outer part cooperating with the one or more exit openings to
thereby regulate the through flow area.

As mentioned above, the insert 100 can be used as part of
DPC valve. This is illustrated in FIG. 6, which is a cross
sectional view of a DPC control valve 200 according to an
example embodiment. The DPC valve 200 has a valve
housing 201 with an inlet part 202 and an outlet part 203,
and holds the insert 100 arranged in between the inlet part
201 and the outlet part 203, whereby the DP setting of the
valve 200 is determined by the DP setting of the insert 100,
and the through flow area of the valve 200 is determined by
the through flow area of the insert 100. The insert 100 is
mounted and sealed to the valve housing 201 via cooperat
ing threads 204 and the a-rings 121 and 122. The a-ring 121
seals the insert 100 to the inner wall ofthe valve housing 201
for dividing the valve housing 201 in the inlet part 202 and
the outlet part 203. For the embodiment of a control valve
200 shown in FIG. 6 the insert 100 is arranged in a slanting
seat within the housing 201. However, the insert 100 may
also be arranged in other positions relative to the housing
201.

The valve housing 201 can be provided with two pressure/
temperature test plugs 205 and 206. The first test plug 205
may be configured to measure the pressure at the inlet part
202 of the valve 200 and thereby at the entry openings 102
of the insert 100, while the second test plug 206 may be
configured to measure the pressure at the outlet side of the
exit openings 103 of the insert 100 and thereby the outlet
part 203 of the valve 200. From the test plugs 205 and 206,
a pressure differential reading can be taken from the inlet
203 to the outlet 203 across the valve 200.

The valve housing 201 is in an embodiment made from a
suitable metal alloy, such as brass, and may be manufactured
by die casting. The second housing part 115 of the insert 100
may also be made from a suitable metal alloy, such as brass.
The first housing part 101 of the insert 100 is in an
embodiment made from a plastic material, which is also in
an embodiment the material used for the spindle 108 and the
cap 112. Both the inlet part 202 and the outlet part may be
provided with internal or external threads (not shown) or
other connection facilities, such as press end connections,
for connection to pipes of a heating or cooling plant.

When a DPC valve 200 provided with the insert 100 is 65

used in the system 1 of FIG. 1, the control port 117 will be
in fluid connection with the output of the partner valve 3 via
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both curves D and C, the spring force acting on the dia
phragm 104 is provided by both the first and second springs
106, 107 when the flow rate decreases and the diaphragm
104 is moved downwards. Curve B shows a third mode of

5 operation, in which the pre-setting of DP is set in-between
the pre-settings of curves A and C, with the bottom of the
second set between the lowest position and the position of
curve C. In the third mode of operation, curve B, then for
low flow rates where the diaphragm is urged downwards by

10 the relatively high pressure in the second chamber 116, both
the first and second springs 106, 107 are acting to provide
the spring force to the diaphragm 104, while at higher flow
rates, when the diaphragm 104 is moved upwards due to a
decrease in the pressure in the second chamber 116, the

15 second spring 107 no longer interacts with the diaphragm
104, and the spring force is provided by the first spring 106
only. Curve B illustrates the situation where the spring force
is provided by both springs 106, 107 for flow rates below
1000 l/h, while the spring force is provided by the first spring

20 only for flow rates above 1000 l/h.
According to an example embodiment of a DPC valve

provided with an insert 100 having a first spring 106 and a
second spring 107, a DP pre-setting range with DP values
from 8 to 62 kPa has been obtained.

For the embodiment of a valve insert 100 illustrated in
FIGS. 2 to 5, the spring arrangement 105 comprises two
springs, the first and second springs 106, 107, which are
arranged for providing an adjustable spring force on the
throttle member 104. However, it is within one or more

30 embodiments of the present disclosure that the spring
arrangement 105 comprises more than two springs, such as
for example three or four springs. All springs may be placed
along the same axis of compression. When further provided
with a third spring, the spring arrangement 105 may be

35 adjustable to operate in the high pressure mode with the
spring force acting on the throttle member 104 being pro
vided by the first, second and third springs. The spring
arrangement 105 may further be adjustable to operate in an
intermediate pressure mode with the spring force acting on

40 the throttle member 104 being provided by the first and
second springs 106, 107 only, and not by the third spring.
When further provided with a fourth spring, the spring
arrangement 105 may be adjustable to operate in the high
pressure mode with the spring force acting on the throttle

45 member being provided by the first, second, third and fourth
springs. Here, the spring arrangement 105 may be adjustable
to operate in several intennediate pressures mode, wherein
for a first intermediate pressure mode the spring force acting
on the throttle member 104 is provided by the first and

50 second springs, and not by the third and fourth springs, and
wherein for a second intermediate pressure mode the spring
force acting on the throttle member 104 is provided by the
first, second and third springs, and not by the fourth spring.

The invention has been described in conjunction with
55 various embodiments herein. However, other variations to

the disclosed embodiments can be understood and effected
by those skilled in the art in practicing the claimed inven
tion, from a study of the drawings, the disclosure, and the
appended claims. In the claims, the word "comprising" does

60 not exclude other elements or steps, and the indefinite article
"a" or "an" does not exclude a plurality.

While the preferred embodiments of the devices and
methods have been described in reference to the environ
ment in which they were developed, they are merely illus

65 trative of the principles of the inventions. The elements of
the various embodiments may be incorporated into each of
the other species to obtain the benefits of those elements in

the second spring 107. When operating with the highest
setting of DP range, the second spring support 110 and the
second spring 107 are set to a high position along the spindle
108. This situation is illustrated in FIGS. 4 and 5, where the
insert 100 is set to operate in the highest DP value range.

In FIG. 4 the insert 100 is operating with a high flow rate
and a relatively low control pressure in the second chamber
116, and the diaphragm 104 is in the uppennost position
providing a maximum through flow area for the exit open
ings 103. The counter balancing to be supplied by the spring
force of the first and second springs 106, 107 is at a
minimum of the current DP setting, and the first spring 106
reaches from the first spring support 109 to the cap 112 with
a minimum of compression, while the second spring 107
now reaches from the second spring support 110 to the cap
112, but being compressed to provide the required DP
setting. In FIG. 5 the insert 100 is operating with a low flow
rate and a higher control pressure in the second chamber
116, when compared to FIG. 4, and the diaphragm 104 is in
the lowermost position providing a minimum through flow
area for the exit openings 103. Both the first spring 106 and
the second spring 107 are now compressed to provide the
maximum counter balancing spring force to the diaphragm
104.

The maximum DP range, in which the insert 100 can be 25

set to operate, is determined by the maximum spring force
provided by the first and second springs 106, 107 in com
bination. The dimensions of the first spring 106 is deter
mined by the lowest DP range, in which the insert 100 is
operating. The spring force provided by the first spring 106
when operating in high DP range at a low flow rate is very
low, and the length and spring constant of the second spring
107 are then detennined in order to be able to deliver the
highest required DP range. It is therefore within embodi
ments of the disclosure that the spring constant of the second
spring 107 is selected to be higher than the spring constant
of the first spring 106, such as for example 2, 3 or 4 times
higher.

The insert 100 can be set to operate in systems requiring
DP settings in between the minimum DP setting of FIGS. 2
and 3 and the maximum DP setting of FIGS. 4 and 5, by
adjusting the position of the second spring support 110 and
thereby the position of the second spring 107. By adjusting
the position of the second spring 107, the compression and
the spring force provided by the second spring 107 is
adjusted accordingly.

This situation is illustrated in FIG. 7, which holds a
number of curves, A, B, C, D, E showing changes in
differential pressure, DP, as a function of increased flow
rates for systems similar to the system of FIG. 1 including
a differential pressure control valve, where each system
requires a different DP pre-setting. The differential pressure
control valve of the systems has a valve insert 100 according
to an example embodiment of the present disclosure.

In FIG. 7, curve A corresponds to the minimum DP setting
of FIGS. 2 and 3, in which the spring force acting on the
diaphragm 104 is provided by the first spring 106 only.
Curve E corresponds to the maximum DP setting of FIGS.
4 and 5, in which the compression of the second spring 107
is set to its maximum, with the spring force acting on the
diaphragm 104 provided by both the first and second springs
106,107. For curve D, the bottom of the second spring 107
is at a lower position than for curve E, and the compression
of the second spring 107 is set to be lower than for curve E.
For curve C, the bottom of the second spring 107 is at a
lower position than for curve D, and the compression of the
second spring 107 is set to be lower than for curve D. For
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combination with such other species, and the various ben
eficial features may be employed in embodiments alone or
in combination with each other. Other embodiments and
configurations may be devised without departing from the
spirit ofthe inventions and the scope ofthe appended claims.

We claim:
1. An adjustable valve, said valve comprising:
a first housing part with one or more fluid entry openings

and one or more fluid exit openings;
a movable throttle member configured for regulating the 10

through flow area ofthe one or more fluid exit openings
in response to a difference in pressure across the throttle
member;

a spring arrangement configured for providing a spring
force acting on the throttle member in a direction that 15

increases the through flow area of the one or more fluid
exit openings;

wherein the spring arrangement comprises at least a first
and a second spring;

wherein the spring arrangement is adjustable to operate in 20

a low pressure mode with the spring force acting on the
throttle member being provided by the first spring only,
and to operate in a high pressure mode with the spring
force acting on the throttle member being provided by
at least both the first and second springs; 25

wherein the first and second springs are compression coil
springs placed along the same axis of compression;

wherein the first spring is positioned for providing a
spring force to the throttle member;

wherein the position of the second spring is adjustable 30

between a low pressure setting, in which the second
spring is not providing a spring force to the throttle
member, and a high pressure setting, in which the
second spring is positioned for providing a spring force
to the throttle member; and 35

the first and second springs have different diameters, and
wherein when in the high pressure setting the second
spring encompasses the first spring.

2. A valve according to claim 1, wherein a bottom part of
the first spring is arranged at a fixed position along the axis 40

of compression, and wherein the position of a bottom part of
the second spring is adjustable along the axis of compres
sIon.

3. A valve according to claim 1, further comprising a
spindle holding first and second springs supports, wherein 45

the spindle is arranged along the compression axis of the
springs with the springs encompassing at least part of the
spindle, wherein a bottom part ofthe first spring is supported
by the first spring support and a bottom part of the second
spring is supported by the second spring support, and 50

wherein the second spring support can be moved in the axial
direction of the spindle for adjusting the position of the
second spring.

4. A valve according to claim 3, wherein the spindle and
the second spring support are configured for moving the 55

second spring support by rotating the spindle.
5. A valve according to claim 1, wherein the throttle

member comprises a diaphragm or rolling diaphragm having
an inner part receiving the spring force provided by the
spring arrangement and an outer part cooperating with the 60

one or more fluid exit openings to thereby regulate the
through flow area.

6. A valve according to claim 5, wherein an inner periph
eral edge of the diaphragm is secured to an upper part of a
cap being axially displaceable along a compression axis of 65

the springs, and wherein a lower part ofthe cap is configured
for receiving upper ends of the first and second springs.

7. A valve according to claim 3, wherein a cap is axially
displaceable arranged on the spindle, with the springs
arranged between the cap and the first and second spring
supports.

8. A valve according to claim 5, wherein an outer periph
eral edge of the diaphragm or the rolling diaphragm is
secured to the walls of the first chamber above the one or
more fluid exit openings.

9. An adjustable valve, said valve comprising:
a first housing part with one or more fluid entry openings

and one or more fluid exit openings, wherein the first
housing part defines a first chamber with the one or
more fluid entry openings being configured at a lower
part and the one or more fluid exit openings being
configured at an upper part of the first chamber;

a movable throttle member arranged in the upper part of
the first chamber for regulating the through flow area of
the one or more fluid exit openings in response to a
difference in pressure across the throttle member;

a spring arrangement configured for providing a spring
force acting on the throttle member in a direction that
increases the through flow area of the one or more fluid
exit openings;

a second housing part defining a second chamber above
the diaphragm and the first chamber, with the pressure
in the first chamber acting on the diaphragm for
increasing the through flow area of the one or more
fluid exit openings and the pressure in the second
chamber acting on the diaphragm for decreasing the
through flow area of the one or more fluid exit open
ings;

wherein the spring arrangement comprises at least a first
and a second spring; and

wherein the spring arrangement is adjustable to operate in
a low pressure mode with the spring force acting on the
throttle member being provided by the first spring only,
and to operate in a high pressure mode with the spring
force acting on the throttle member being provided by
at least both the first and second springs.

10. A valve according to claim 9, wherein the second
housing part holds a control port in fluid connection with the
second chamber.

11. A valve according to claim 9, wherein the throttle
member comprises a diaphragm or rolling diaphragm having
an inner part receiving the spring force provided by the
spring arrangement and an outer part cooperating with the
one or more fluid exit openings to thereby regulate the
through flow area.

12. A valve according to claim 11, wherein an inner
peripheral edge of the diaphragm is secured to an upper part
of a cap being axially displaceable along a compression axis
of the springs, and wherein a lower part of the cap is
configured for receiving upper ends of the first and second
springs.

13. A valve according to claim 11, wherein an outer
peripheral edge of the diaphragm or the rolling diaphragm is
secured to the walls of the first chamber above the one or
more fluid exit openings.

14. An adjustable valve, said valve comprising:
a first housing part with one or more fluid entry openings

and one or more fluid exit openings;
a movable throttle member configured for regulating the

through flow area of the one or more fluid exit openings
in response to a difference in pressure across the throttle
member;

a spring arrangement comprising at least a first and a
second spring configured for providing a spring force



US 10,429,860 B2
13

acting on the throttle member in a direction that
increases the through flow area of the one or more fluid
exit openings;

wherein the spring arrangement is adjustable to operate in
a low pressure mode with the spring force acting on the
throttle member being provided by the first spring only,
and to operate in a high pressure mode with the spring
force acting on the throttle member being provided by
at least both the first and second springs;

wherein the first and second springs are compression coil 10

springs placed along the same axis of compression;
wherein the first spring is positioned for providing a

spring force to the throttle member;
wherein the position of the second spring is adjustable

between a low pressure setting, in which the second 15

spring is not providing a spring force to the throttle
member, and a high pressure setting, in which the
second spring is positioned for providing a spring force
to the throttle member;

the first and second springs have different diameters, and 20

wherein when in the high pressure setting the second
spring encompasses the first spring;

a spindle holding first and second springs supports,
wherein the spindle is arranged along the compression
axis of the springs with the springs encompassing at 25

least part of the spindle, wherein a bottom part of the
first spring is supported by the first spring support and
a bottom part of the second spring is supported by the

14
second spring support, and wherein the second spring
support can be moved in the axial direction of the
spindle for adjusting the position of the second spring;
and

wherein the spindle and the second spring support are
configured for moving the second spring support by
rotating the spindle.

15. A valve according to claim 14 wherein the first and
second springs have different diameters, and wherein when
in the high pressure setting the second spring encompasses
the first spring.

16. A valve according to claim 14, wherein the throttle
member comprises a diaphragm or rolling diaphragm having
an inner part receiving the spring force provided by the
spring arrangement and an outer part cooperating with the
one or more fluid exit openings to thereby regulate the
through flow area.

17. A valve according to claim 16, wherein an inner
peripheral edge of the diaphragm is secured to an upper part
of a cap being axially displaceable along a compression axis
of the springs, and wherein a lower part of the cap is
configured for receiving upper ends of the first and second
springs.

18. A valve according to claim 14, wherein a cap is axially
displaceable arranged on the spindle, with the springs
arranged between the cap and the first and second spring
supports.

* * * * *


