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tion of an open position. An auxiliary valve biasing means 
(26) is provided, biasing the valve means (6) in the direction 
of a closed position. 
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FLUID REGULATOR 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

0001. This application is entitled to the benefit of and 
incorporates by reference essential Subject matter disclosed 
in International Patent Application No. PCT/DK2009/ 
000208 filed on Sep. 17, 2009 and European Patent Applica 
tion No. 08016555.8 filed on Sep. 19, 2008. 

FIELD OF THE INVENTION 

0002 The invention relates to a fluid pressure regulating 
unit, comprising a fluid inlet port, a fluid outlet port, a valve 
means and a main valve biasing means, wherein said main 
valve biasing means biases said valve means in the direction 
of a first position. 

BACKGROUND OF THE INVENTION 

0003 Fluid regulators as such are well known in the state 
of the art. They are used to reduce the pressure of a fluid, 
entering the fluid regulator on a high pressure side, to a lower 
pressure level on the fluid outlet side. Preferably, the pressure 
on the fluid outlet side will be essentially constant. Such 
pressure regulating units are used, for example, for pressur 
ized gas bottles (pressure cylinders), where the pressure of the 
gas inside the bottle of up to 300 bars (or even higher) has to 
be reduced to a lower pressure level of usually 3-10 bars, 
which can be handled better. In some applications, however, 
a reduced pressure on a level around 40-50 bars is desired. 
However, other lower pressures are also possible, like pres 
sures in the area of 20 bars, 30 bars, 60 bars, 70 bars, 80 bars, 
90 bars, 100 bars, 110 bars, 120 bars, 130 bars, 140 bars, 150 
bars, 160 bars, 170 bars, 180 bars, 190 bars or 200 bars, to give 
Some examples. Another example for the use of fluid regula 
tors are fire extinguishers and/or fire extinguishing systems 
(fire fighting systems), which can be portable, mobile (built 
into a vehicle, for example) or stationary (built into a building, 
for example). Here, the Supply of a fire extinguishing agent 
with a usually changing pressure level during use has to be 
reduced to lower pressure level with a preferably constant 
pressure. The fire extinguishing agent with the reduced pres 
Sure level can hence be expelled by an appropriate nozzle, for 
example. 
0004 For the fluid, not only gases are possible. Also, liq 
uids (like liquid CO, for example), supercritical fluids 
(where no distinction between the liquid and the gaseous 
phase is possible any more), and mixtures of liquids, Super 
critical fluids and/or gases are possible. Also, the fluid can 
even contain a certain percentage of Solids (Smoke and/or 
Suspensions, for example). 
0005. The problem with the majority of presently existing 
pressure regulators is the usually high number of movable 
parts, necessary for the construction of the pressure regulator. 
Apart from the costs involved with manufacturing and arrang 
ing a large number of movable parts, this also gives rise to 
vibration problems. Such vibrations can lead to the genera 
tion of noise and a bad output pressure characteristics (i.e. 
randomly varying output pressure). Another problem is that 
in the majority of presently available pressure reducers, the 
fluid, which pressure has to be reduced, has to change its 
moving direction several times, when flowing through the 
pressure regulator. This can give rise to a slow pressure regu 
lation response and therefore to a bad pressure output char 
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acteristics. The output characteristics of such a pressure regu 
lator is usually particularly bad, if the fluid input reservoir 
becomes exhausted and the fluid inlet pressure is getting close 
to the fluid outlet pressure of the pressure regulator. 
0006 For improving the pressure output characteristics 
and reducing the vibration problems, so called “in-line' con 
structions have been proposed. In these “in-line” construc 
tions, the number of directional changes of the fluid flowing 
through the pressure regulator is reduced. Furthermore, the 
number of moving parts can usually be reduced with in-line 
constructions. Therefore, in-line pressure regulators usually 
show less vibrations and a more constant, less fluctuating 
fluid output pressure. 
0007 Examples of pressure regulators, using the “in-line' 
design can be found in U.S. Pat. No. 2,777,458 and U.S. Pat. 
No. 3,890.999, for example. However, presently existing 
designs of in-line pressure regulators still Suffer from a num 
ber of drawbacks. A major drawback, for example, lies in 
mounting the pressure regulator for the first time after deliv 
ery and in the delivery state of the pressure regulator itself. 
The problem lies in particular in that the pressure regulator 
usually is in an open state, when delivered from the manufac 
turer. This, however, can lead to the release of a too high 
pressure after mounting the pressure regulator. Furthermore, 
the pressure regulator can Suffer damages during shipment, 
particularly if the valve of the fluid pressure regulator is 
shipped in an open position. Also, there are situations, in 
which it is desired that the pressure regulator can be cut off. 
With presently available fluid pressure regulators, usually a 
separate cut-off valve is needed for this. 

SUMMARY OF THE INVENTION 

0008. The object of the present invention lies therefore in 
providing an improved fluid pressure regulating unit, as com 
pared to fluid pressure regulating units according to the State 
of the art. 
0009. It is suggested to provide a fluid pressure regulating 
unit, comprising a fluid inlet port, a fluid outlet port, a valve 
means and a main valve biasing means, wherein said main 
valve biasing means biases said valve means in the direction 
of a first position, with an auxiliary valve biasing means, 
wherein said auxiliary valve biasing means biases said valve 
means in the direction of a second position, being different 
from said first position. Using Such an auxiliary valve biasing 
means, it is possible to reliably close the fluid pressure regu 
lating unit, without the need for a separate fluid cut-off valve. 
This is of particular advantage, because it is quite often 
required to reliably cut off the fluid connection. This not only 
occurs during an initial setup of an arrangement, using a fluid 
pressure regulating unit, but also during the operation of Such 
an arrangement. Usually, the auxiliary valve biasing means is 
designed to be relatively weak and/or Small as compared to 
the main valve biasing means. Therefore, the main valve 
biasing means can usually easily counteract the forces, 
imposed by the auxiliary valve biasing means, if properly set. 
It has to be noted that according to usual designs of pressure 
regulators, a main valve biasing means is already present. 
Additionally, in usual setups, the main valve biasing means is 
already designed to have a relatively high strength. Hence, 
when using presently available main valve biasing means, the 
forces, imposed by said auxiliary valve biasing means can 
usually be easily compensated for, e.g. by a slightly higher 
tensioning of the main valve biasing means. Of course, the 
auxiliary valve biasing means should be able to provide a 
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force, being sufficient to securely close the valve means of the 
fluid pressure regulating unit. In the context of the present 
application, by the notion fluid, liquids, gases, mixtures of 
fluids and gases and Supercritical fluids are in encompassed. 
It is even possible, that a fluid can contain a certain amount of 
Solid particles (e.g. Smoke and/or Suspensions). 
0010 Preferably, the fluid pressure regulating unit is 
designed in a way that said first position and said second 
position are opposing each other, in particular in that said first 
position corresponds to an open position and said second 
position corresponds to a closed position of said valve means. 
Using Such an arrangement, the main valve biasing means can 
easily and effectively compensate for the forces, generated by 
the auxiliary valve biasing means. In particular, frictional 
losses or the like can be minimized. If said first position 
corresponds to an open position and said second position 
corresponds to a closed position of said valve means, the main 
valve biasing means usually performs an opening of the pres 
Sure regulating unit, while the auxiliary valve biasing means 
performs the closing of the pressure regulating unit. Of 
course, in usual setups of pressure regulating units the closing 
movement of the valve means is also performed by the influ 
ence of the fluid pressure on the fluid outlet side of the fluid 
pressure regulating unit. With the proposed arrangement, 
already existing fluid pressure regulating units can easily be 
adapted according to the presently suggested design. There 
fore, costs can be reduced and it is even possible to provide a 
drop-in solution. 
0011. Another possible embodiment can be achieved, if 
said main valve biasing means and/or said auxiliary valve 
biasing means comprises the fluid pressure operated member 
and/or an elastically deformable member. The elastically 
deformable member can be in particular a spring, preferably 
a metal spring and/or helically wound spring. Such devices 
are readily available, so that the proposed fluid pressure regu 
lating unit can be manufactured easily, cheaply and in high 
numbers. A fluid pressure operated member can be of an 
active and/or a passive type. An active fluid pressure operated 
member can be realized by providing fluid chambers, which 
can be fluidly connected to external fluid reservoirs (pressur 
ized and/or unpressurized). Using Such an active fluid pres 
sure operated member, an actively controllable fluid pressure 
regulating unit can be provided. A passive fluid pressure 
operated member can be realized by providing closed cham 
bers, filled with a gas. This way, a gas spring strut like member 
can be provided. An elastically deformable member can be 
essentially made of any elastically deformable material, for 
example out of rubber and the like. Preferably a spring (e.g. 
made of metal) can be provided. Although every form of 
spring can be used, normally a helical spring shows the best 
results. 

0012. It is preferred, if at least one of said valve biasing 
means, in particular said main valve biasing means is adjust 
able. This way, the fluid pressure regulating unit can be easily 
adjusted to the intended use. In particular, the fluid pressure 
regulating unit can be changed from an initial delivery adjust 
ment, as set by the manufacturer, to an adjustment, needed for 
the setup, the fluid pressure regulating unit is used for. Nor 
mally, the fluid regulating unit is designed in a way that the 
valve biasing means can be readjusted, e.g. during operation 
of the unit, when the unit is transferred to a different applica 
tion and/or when the fluid pressure regulating unit is taken out 
of the unit and put into another unit. 
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0013 Preferably, said valve member of said fluid pressure 
regulating unit comprises a variable fluid flow cross section. 
This way, an adaptable fluid flux through the fluid pressure 
regulating unit can be provided. Depending on the fluid outlet 
flux on the fluid outlet side of the fluid pressure regulating 
unit, a different fluid flux through the valve means is neces 
sary to Sustain a certain pressure level on the fluid outlet side 
of the fluid pressure regulating unit. 
0014) A preferred arrangement is achieved, if said valve 
member comprises an axially movable tubular unit, wherein 
preferably said tubular unit comprises an inner passage. 
Using Such an arrangement, usually a very simple setup of the 
fluid pressure regulating unit can be achieved. In particular, 
the opening of said axially movable tubular unit on one side 
can be used as a part of the valve seat arrangement, where the 
variable fluid flow-cross section of the valve member is 
located. Using a tubular unit, normally relatively huge 
changes in fluid flow cross section can be achieved with a 
relatively small axial movement of the tubular unit. The tubu 
lar unit can comprise one or several extensions, in particular 
radial extensions, which can be used as a fluid pressure 
receiving Surface (in particular of the fluid pressure on the 
fluid outlet side of the fluid pressure regulating unit) and/or as 
a web for mounting a mechanical spring, for example. These 
effects can be particularly well achieved, if the axially mov 
able tubular unit comprises an inner passage. This inner pas 
sage can be used for the fluid, being regulated by fluid pres 
Sure regulating unit. 
0015. It is possible to design the pressure regulating unit in 
a way that said valve member comprises a valve seat with an 
essentially even Surface, in particular a plate like valve seat. 
Such a valve seat can be easily and cheaply manufactured. 
Furthermore, leakage due to imperfections of the valve seat 
and/or the corresponding valve member can be reduced, 
because the respective surfaces can be easily and precisely 
manufactured. Also, unwanted pressure drops, being caused 
by the valve member, can be reduced, since a relatively large 
fluid flow cross section can be provided (in particular, if the 
valve member is arranged in a rotationally symmetric man 
ner) and because the necessary redirection of the fluid, flow 
ing through the fluid pressure regulating unit is relatively 
Small. Also, the valve seat can be designed to be changeable. 
This way, a fluid pressure regulating unit with a very long 
lifetime can be provided. 
0016. Usually, the fluid pressure regulating unit should be 
designed in a way that at least one valve biasing means is at 
least partially in mechanical contact with said tubular unit. 
This can be achieved, for example, by a direct contact 
between a mechanical spring and a web of the tubular unit. 
This way, vibrations due to a play between the valve biasing 
means and the tubular unit can be reduced. If the (one or 
several) valve biasing means is in a relatively direct contact 
with said tubular unit, the pressure output characteristics of 
the fluid pressure regulating unit can be even further 
improved. 
0017. A preferred embodiment of the fluid pressure regu 
lating unit is achieved, if the position of said valve means is 
essentially independent of the fluid pressure in said fluid inlet 
port and/or the position of said valve means is at least partially 
dependent on the fluid pressure in said fluid outlet port. This 
way, the desired output pressure characteristics of a pressure 
regulator can be provided. In fact, the usually desired pressure 
output characteristics of a pressure regulator is that the fluid 
output pressure is constant, independent of the fluid inlet 
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pressure. However, sometimes a slight dependence on the 
fluid inlet pressure is also desired, because the operator can be 
provided with a feedback on the amount of still available fluid 
on the high pressure side of the apparatus, for example. 
0018 Preferably, the fluid pressure regulating unit is pro 
vided with at least one fluid inlet side pressure balancing 
means. By a fluid inlet side pressure balancing means, any 
device is in encompassed, which at least essentially provides 
for a fluid output pressure, being essentially independent of 
the fluid inlet pressure. For achieving this, every balancing 
means, known in the state of the art, can be used. 
0019 Preferably essentially every surface part, being flu 
idly connected to said fluid inlet port and having a Surface 
normal at least partially in parallel to the moving direction of 
the moving part of said valve means, is balanced by a balanc 
ing Surface part. In other words, every Surface which yields a 
(vectorial fractional) force in the direction of the movement 
of the moving part of the valve means, when being exposed to 
a pressure, being applied through the fluid inlet port of the 
fluid pressure regulating unit, has an "opposing Surface part. 
The “opposing Surface part is arranged in a way that a 
(vectorial fractional) second force is generated, when pres 
sure is applied to the fluid inlet port of the fluid pressure 
regulating unit. The two forces are preferably of the same 
magnitude and of opposite directions. Therefore, the occur 
ring forces can cancel each other and the resulting net force 
can be Zero. In other words, the valve means can be indepen 
dent of the pressure on the fluid inlet side of the fluid pressure 
regulating unit. 
0020. Additionally and/or alternatively it is also possible 
that said valve member, in particular said axially movable 
tubular unit is designed and arranged with a minimum of 
surface parts, being fluidly connected to said fluid inlet port 
and having a Surface normal at least partially in parallel to the 
moving direction of the moving part of said valve means. In 
particular, said axially movable tubular unit can comprise a 
tapered surface part. Using Sucha design, the above described 
balancing of Surface parts can be at least in part avoided. It is 
to be noted that for example radial surface parts of the mov 
able tubular unit do not yield a (net) force, pointing in the 
direction of movement of the movable tubular unit. In par 
ticular, if no balancing is necessary, fluid flow delays resulting 
in Small, time dependent pressure variations on balancing 
Surface parts can be avoided, yielding an improved behaviour 
of the fluid pressure regulating unit. The tapered surface part 
of the movable tubular unit can be particularly arranged on the 
side, being fluidly connected with the fluid outlet port of the 
fluid pressure regulating unit. Using tapered Surface parts, in 
particular a highly leak-proof valve seat can be provided for. 
0021 Preferably, the adjustment of at least one of said 
valve biasing means is performed using a biasing thread. With 
a biasing thread, a relatively large movement (e.g. by the 
operator of the machinery) can be translated into a small 
movement of the respective biasing means. Thus, the fluid 
pressure regulating unit can be precisely adjustable. Also, 
threads are usually self locking. 
0022. A preferred embodiment can be achieved, if said 
valve means is in said second position, in particular in a 
closed position, if that main valve biasing means is in a 
weakly biased and/or unbiased state. Thus, by loosening the 
main valve biasing means, a positive closing of the fluid 
pressure regulating unit can be easily performed by the aux 
iliary valve biasing means. 
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0023 Preferably, the fluid pressure regulating unit is 
designed and arranged as an in-line regulator unit. Using Such 
a design, the number and amount of redirections of the fluid, 
flowing through the fluid pressure regulating unit can be 
minimized, thus yielding an improved pressure output char 
acteristic of the fluid pressure regulating unit. Furthermore, 
using an in-line design, the resulting vibrations can usually be 
reduced. 
0024 Preferably, said fluid pressure regulating unit com 
prises at least one actuator means. This way, it is possible to 
close the fluid pressure regulating unit positively by applying 
an external signal, for example. This closing of the fluid 
pressure regulating unit can be performed independent of the 
fluid pressure at the fluid output port. This way, the function 
ality of an actuated cut-off valve can be easily incorporated 
into the fluid pressure regulating unit. 
0025. It is possible to design said fluid pressure regulating 
unit in a way that pilot pressure applying means are provided, 
which preferably can be selectively connected to said first 
fluid port and/or said second fluid port. This way, the actuator 
of the resulting unit can be switched, using fluid pressures. In 
particular it is even possible to change the state of fluid 
pressure regulating by the pressures, occurring in the fluid to 
be influenced by the fluid pressure regulating unit. Of course, 
it is possible to perform a Switching of the pilot pressure 
actuated fluid pressure regulating, using a different Switching 
means. The Switching means can be based on the fluid pres 
Sure, mechanical forces, electricity, magnetic forces and the 
like, for example. 
0026. Another embodiment of said fluid pressure regulat 
ing unit can be achieved, if said pilot pressure applying means 
can be connected to a respective fluid pressure reservoir via a 
fluid throughput reducing means. Such a fluid throughput 
reducing means can be a throttle or an orifice opening, for 
example. Using Such a device, the “consumption of the 
actuating fluid can be advantageously decreased. Further 
more, it possible to provide for a “soft' changeover between 
different states of the valve unit, which can result in decreased 
wear of the fluid pressure regulating unit. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0027. The present invention and its advantages will 
become more apparent, when looking at the following 
description of possible embodiments of the invention, which 
will be described with reference to the accompanying figures, 
which are showing: 
0028 FIG. 1: is a first embodiment of a pressure regulator 
with an auxiliary spring; 
0029 FIG. 2: is a second embodiment of a pressure regu 
lator with an auxiliary spring: 
0030 FIG.3: is a third embodiment of a pressure regulator 
with an auxiliary spring; 
0031 FIG. 4: is a third embodiment of a fluid pressure 
regulator, and 
0032 FIG. 5: is a fourth embodiment of a fluid pressure 
regulator. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

0033. In FIG. 1, a schematical cross section through a first 
possible embodiment of a pressure regulator 1 is depicted. 
The pressure regulator 1 comprises a casing 2 with a fluid 
inlet port 3 and a fluid outlet port 4. Both fluid inlet port 3 and 
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fluid outlet port 4 have an inner thread5, so that a correspond 
ing fluid pipe or fluid hose can be threadingly engaged in the 
respective fluid port 3, 4. 
0034. Within the casing 2 of the pressure regulator 1, a 
valve unit 6 is arranged. The valve unit 6 essentially consists 
of a valve seat 7 and a valve tube 8. The valve tube 8 can be 
moved in an axial direction (as indicated by double-headed 
arrow A) within the casing 2 of the pressure regulator 1. 
0035. The valve tube 8 is designed to have a hollow inte 
rior 9, forming an inner fluid line 9 through the valve tube 8. 
The contacting area between valve seat 7 and valve tube 8 
forms the valve opening 10. If the valve tube 8 is in its leftmost 
position (as drawn in FIG. 1), the valve seat 7 and the con 
tacting edge 11 of the valve tube 8 contact each other, thus 
closing the valve opening 10. In this position, no fluid flow is 
permitted between fluid inlet port 3 and fluid outlet port 4. 
When the valve tube 8 is moving to the right, however, the 
contacting edge 11 of the valve tube 8 and the valve seat 7 get 
out of contact from each other, thus opening the valve opening 
10. Hence, fluid can flow from the fluid inlet port 3 to the fluid 
outlet port 4. 
0036. In the embodiment of the pressure regulator 1, 
shown in FIG. 1, the valve seat 7 is designed as a flat, circular 
plate. The valve seat 7 is held in place by several holding bars 
12. Between the holding bars 12, openings are provided, so 
that fluid can pass through. Corresponding to the design of the 
valve seat 7, the valve tube 8 is designed to have a circular 
cross section. Consequently, the contacting edge 11 shows a 
circular cross section. In the area close to the valve opening 
10, the valve tube 8 comprises tapered edges 13 on the inner 
side 9 of the valve tube 8, thus forming sharp contacting edges 
11. The valve seat 7 is made of a slightly deformable material, 
so that the contacting edges 11 can slightly indentate the valve 
seat 7, thus forming a tight fluid seal. 
0037. In a normal working adjustment position (main 
spring 14 biased), the valve tube 8 is pushed out of contact 
with the valve seat 7 (thus opening the valve opening 10) by 
means of the main spring 14. The main spring 14 is Supported 
on its right side (see FIG. 1) by a circular web 15 integrally 
formed with the valve tube 8. On the left side, the main spring 
14 is supported by a nut 16. The nut 16 shows an inner thread 
17, which is engaged to a corresponding thread, arranged on 
the outer side of a collar like extension 23 of the casing 2. By 
a turning action of the nut 16, the nut 16 can be displaced in an 
axial direction A by means of the thread 17. Therefore, the 
biasing force of main spring 14 can be adjusted to the appro 
priate amount. For ease of manipulation, the nut 16 is 
designed to have a plurality of openings 22 for insertion of a 
part of an appropriate tool. Also, the casing 2 of the pressure 
regulator 1 is designed with an access window 24 for easy 
manipulation of the nut 16. Hence, the second interior space 
19 within the casing 2 of pressure regulator 1 shows ambient 
pressure. Therefore, sealing rings 21 are provided between 
first internal space 18, second internal space 19 and third 
internal space 20, respectively. 
0038. The working cycle of the pressure regulator 1 is as 
follows: 
0039. Initially, the valve tube 8 is in its open position (right 
side in FIG. 1; valve opening 10 is open). Fluid at high 
pressure enters the fluid inlet port 3 of the pressure regulator 
1. The fluid flows through the first internal space 18, past the 
opened valve opening 10, through the inner fluid line 9 of 
valve tube 8 into the third internal space 20. According to an 
actual fluid flow demand, part of the fluid entering third 
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internal space 20 leaves the casing 2 of the pressure regulator 
1 by fluid outlet port 4. However, in an open position of the 
valve unit 6, a positive net fluid flow into the third internal 
space 20 occurs. Therefore, pressure builds up in the third 
internal space 20. With increasing pressure, an increasing 
force is exerted on the piston surface 25 of the valve tube 8. At 
some point, the net force, pushing the valve tube to the left 
exceeds the net force, pushing the valve tube 8 to the right. 
Thus, the valve opening 10 closes and the pressure within the 
third internal space 20 remains at its set level. If the pressure 
inside the third internal space 20 drops again due to fluid, 
leaving through fluid outlet port 4, the valve tube 8 will move 
slightly to the right, thus opening the valve opening 10 
slightly. Hence, an equilibrium is achieved, so that the pres 
Sure in the third internal space 20 remains constant. 
0040. Apart from the pressure, exerted by the fluid within 
third internal space 20 onto the piston surface 25 of valve tube 
8, an additional force is exerted by means of an auxiliary 
spring 26. The auxiliary spring 26 has a small spring constant, 
when compared to the spring constant of main spring 14. 
Thus, in a normal adjustment position of pressure regulator 1, 
the main spring 14 may easily compensate for the pressure, 
exerted by auxiliary spring 26. However, if the nut 16 is 
adjusted in a way that main spring 14 is (essentially) in an 
unbiased state, the force, exerted by auxiliary spring 26 is 
sufficient to safely close the valve unit 6 of the pressure 
regulator 1. Therefore, no additional valve is needed, 
although the functionality of a cut-off valve is implemented in 
the pressure regulator 1. 
0041. The closed position of the pressure regulator 1 
(main spring 14 unbiased), is also advantageous for shipping 
the pressure regulator 1. In particular, normal vibrations dur 
ing transportation of the pressure regulator 1 will not be able 
to open and close the valve unit 6 repetitively. Thus, a wear of 
the pressure regulator 1 during transportation can be avoided. 
0042. Also, the auxiliary spring 26 can provide for an 
unambiguous position of the tube 8. Therefore, one always 
know in which position the system will start and/or the system 
was arranged. 
0043. Another feature of the pressure regulator 1, shown 
in FIG. 1, is that the axially movable valve tube 8 shows no 
surface parts within the first internal space 18 (high pressure 
chamber), which have to be balanced. If a fluid pressure is 
present in first internal space 18, every surface of the valve 
tube 8, being in contact with the high pressure fluid in first 
internal space 18 shows a Surface normal, being solely per 
pendicular to the moving direction of the valve tube 8. There 
fore, any pressure within first internal space 18 will neither 
generate force, urging the valve tube 8 in an open position, nor 
generate aforce, urging the valve tube 8 in a closing direction. 
Therefore, the high pressure part of pressure regulator 1 is 
perfectly balanced, even without balancing Surfaces. 
0044. On the inner side of the valve tube 8 in the vicinity of 
the valve opening 10, the movable valve tube 8 shows a 
tapered Surface 13, creating a sharp edge 11. This way, fluid 
resistance is reduced, if the valve opening 10 is open. Also, a 
tight seal can be provided if the valve opening 10 is closed. It 
has to be noted that the tapered part 13 of the valve tube 8 is 
additionally working as a balancing Surface for the respective 
surface part of the piston surface 25 of the valve tube 8 (both 
fluidly connected to the fluid outlet port 4). However, in the 
presently depicted embodiment of FIG. 1, the pressure regu 
lator 1 is still dependent on the fluid outlet pressure, because 
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a flange part 27 is provided for the valve tube 8, showing a 
cross section, exceeding the cross section of tapered Surface 
parts 13. 
0045. The special design of the tapered surface 13 on the 
inner side 9 of the valve tube 8 in the vicinity of the valve 
opening 10 insures that the pressure drop of the fluid, flowing 
through the pressure regulator 1 will essentially occur in a 
very small area. Therefore, this construction can be less 
effected by variations in the pressure within first internal 
space 18. This is, because the areas, being in contact with the 
high pressure fluid are extremely small as compared to the 
areas, being in contact with the low pressure fluid. The aux 
iliary spring 26 can put the pressure regulator 1 in a shut off 
state, if there is no load on the main spring 14 (or on the flange 
part 38 of valve tube 8 in the pressure regulator 35, as shown 
in FIG. 3). Hence, the fluid regulator 1 described can work as 
a shut off valve as well. 

0046. Of course, it is also possible to design the flange part 
27 in a different way, as long as the described functionality of 
the flange part 27 is provided. For example, the flange part 27 
could be designed as a membrane for the like. Of course, such 
an alternative design could be used in units of a different 
design as well. 
0047. In FIG. 2, a second possible embodiment of a pres 
sure regular 28 is shown. Most parts of the present pressure 
regulator 28 are similar or the same as those used for pressure 
regulator 1, as illustrated in FIG. 1. 
0.048. As described in connection with pressure regulator 
1, the presently used valve tube 32 comprises a tapered sur 
face 30 in the vicinity of the valve seat 7. The tapered surface 
30, however, is presently arranged on the outside of the valve 
tube 32, thus facing towards the first internal space 18, being 
fluidly connected to the fluid inlet port 3 of pressure regulator 
28. This, however, introduces a force, urging the valve tube 32 
into an opening direction, when high pressure is applied to the 
first internal space 18. The effective opening force is the 
vectorial fraction of the pressure force, pointing in the direc 
tion of movement of valve tube 32. To balance for this force, 
the pressure regulator 28 is provided with a balancing section 
33. Within the balancing section 33, the fourth internal space 
29 is provided, which is fluidly connected to the first internal 
space 18 by a fluid channel 34. Facing towards the fourth 
internal space 29, the valve tube 32 is provided with a bal 
ancing web 31. The size of the balancing web 31 is chosen in 
a way that the resulting force, being exerted onto the valve 
tube 32 when pressure is applied to fluid inlet port 3 (and 
therefore to first internal space 18 and fourth internal space 
29) is of the same magnitude as the force generated by the 
tapered surface 30. The direction of both forces, however, is 
opposite to each other. Therefore, both forces cancel each 
other. Thus, the pressure regulator 28 is balanced towards the 
high pressure side. In other words, the output pressure char 
acteristics of the pressure regulator 28 is independent of the 
pressure at fluid inlet port 3. 
0049. An advantage of the proposed design with the 
tapered surface 30 on the outside of the valve tube 32 is that 
the dimensions of the fluid tube 32 can be chosen from a very 
wide range. This is, because generally speaking an almost 
arbitrary size of the surface area on the front side of the valve 
tube 32 (near valve opening 10) can be compensated by the 
counteracting force delivered by the ring like web 31 of valve 
tube 32. Thus, a pressure regulator 28 of the design proposed 
can be used with very high pressures. 
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0050. As an example, the thickness of the walls of the 
valve tube 8, 32 is normally in the order of one millimetre 
(pressures in the range from 200 to 300 bars). However, with 
the proposed design, wall thicknesses for the valve tube 8, 32 
in the area of several millimetres can be easily realized. 
0051. Of course, the design of the pressure regulator 28, as 
shown in FIG. 2, can be used for the design of a pilot driven 
valve 41, 53 as well (see FIGS. 4, 5). In particular, the 
arrangement of the tapered surface 30 on the outside of valve 
tube 32 can be used for pilot driven valves 41, 53. Of course, 
the tapered surface 30 on the outside of the valve tube 32 can 
also be used in connection with the pilot driven 37 fluid 
pressure regulator 35 design, as depicted in FIG. 3. 
0052. In FIG.3 another possible embodiment of a pressure 
regulator 35 is illustrated. Here, the main spring 14 is omitted. 
As a replacement for the main spring 14, a pilot pressure 
chamber 36 is provided. The pilot pressure chamber 36 is 
fluidly connected to a pilot fluid port 37. On one side of the 
pilot pressure chamber 36, a flange part 38 of the valve tube 39 
is located. Therefore, by applying a pressure to the pilot 
pressure chamber 36, an appropriate biasing force can be 
exerted on the valve tube 39. The biasing can be changed by 
varying the pressure, applied to the pilot pressure chamber 36. 
It has to be noted that this way an automated change of biasing 
force can be easily implemented. For optimum performance, 
the medium in the pressure chamber 36 should be compress 
ible. For example, a gas or a liquid/gas mixture with a certain 
gas contents could be used. However, even a non-compress 
ible fluid could be used. Particularly in that case, however, 
Some compressible device should be used, like a compress 
ible gas-filled sphere or a kind of spring operated storage, 
which can be loaded by a pressure pulse in the biasing fluid. 
The backside volume 40 is of course at ambient pressure. 
0053 Apart from this, the pressure regulator 35, as 
depicted in FIG. 3, resembles the pressure regulator 1, as 
shown in FIG. 1. 
0054. In FIG. 4, a pilot controlled fluid pressure regulator 
56 is depicted. The pilot controlled fluid pressure regulator 56 
can be considered to be a fluid pressure regulator 1, as shown 
in FIG. 1, in which a pilot control section 59, comprising an 
additional closing chamber 57 is provided. The closing cham 
ber 57 is fluidly connected to the first internal space 18 via a 
feeding line 48 and a connecting line 47. The fluid flux 
through the feeding line 48 is limited by a throttle 51, which 
can be formed as a part of the feeding line 48. If the piloting 
valve 50 is in its closed position (as shown in FIG. 4), the 
pressure in the closing chamber 57 will eventually be the 
same as the pressure in the first internal space 18. Therefore, 
the pressure of the fluid in closing chamber 57 exerts a force 
on the flange part 38 of valve tube 8. This will cause the valve 
tube 8 to move to the left side, i.e. pushing the valve tube 8 on 
the valve seat 7, thus closing the valve unit 6. Therefore, the 
pilot controlled fluid pressure regulator 56 can be safely 
closed, irrespective of the fluid pressure in third internal space 
20, i.e. irrespective of the fluid pressure at the fluid outlet port 
4. Of course, the second internal space 19, lying on the flange 
part 38 of the valve tube 8, which is opposite to the closing 
chamber 57, is vented to ambient pressure via channel 46. 
0055. If the piloting valve 50 is switched to its open posi 
tion, however, a fluid connection is established between con 
necting line 47 and third internal space 20 via piloting valve 
50 and discharge line 49. Therefore, the pressure in the clos 
ing chamber 57 will drop to the pressure level of third internal 
space 20. This is, because the influx of fluid is limited by 
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throttle 51. Because of the falling pressure within closing 
chamber 57, the valve tube 8 is now again free to move to the 
right side, i.e. into the open position of valve unit 6. Whether 
this movement will actually take place, or not, depends on the 
pressure in third internal space 20. Therefore, the pilot con 
trolled fluid pressure regulator 56 now works as a standard 
fluid pressure regulator. 
0056 FIG. 5 is a modification of the pilot controlled fluid 
pressure regulator 56, shown in FIG. 4. The presently shown 
pilot controlled fluid pressure regulator 58 shows an addi 
tional balancing section33, which is equivalent to the balanc 
ing section 33 of the pressure regulator 28, shown in FIG. 2. 
In other words, the fluid pressure regulator 28, shown in FIG. 
2, can be modified by providing a pilot control section 59. 
This way, a pilot controlled fluid regulator 58, which is fluid 
pressure regulated (in particular towards the high pressure 
side of the pilot controlled fluid pressure regulator), can be 
realised. 
0057. Of course, piloting valve 50 can be designed differ 
ently as well. For example, a manual operation of piloting 
valve 50 is possible. Also, piloting valve 50 can be con 
structed in a way that intermediary states can be achieved. 
This can be achieved by providing an intermediary mechani 
cal position of the piloting valve 50. However, a proportional 
valve is possible as well. This could be achieved by a modu 
lated magnetic valve, for example. 
0058. Further information can be drawn from the applica 

tion, which was filed by the same applicant on the same date 
under applicant's reference number DANO8005PE. The dis 
closure of said application is fully integrated into the disclo 
Sure of the present application by reference. 
0059 While the present invention has been illustrated and 
described with respect to a particular embodiment thereof, it 
should be appreciated by those of ordinary skill in the art that 
various modifications to this invention may be made without 
departing from the spirit and scope of the present. 
What is claimed is: 
1. A fluid pressure regulating unit, comprising a fluid inlet 

port, a fluid outlet port, a valve means and a main valve 
biasing means, wherein said main valve biasing means biases 
said valve means in the direction of a first position, compris 
ing an auxiliary valve biasing means, wherein said auxiliary 
valve biasing means biases said valve means in the direction 
of a second position, being different from said first position. 

2. The fluid pressure regulating unit as claimed in claim 1, 
wherein said first position and said second position are oppos 
ing each other, in particular that said first position corre 
sponds to an open position and said second position corre 
sponds to a closed position of said valve means. 

3. The fluid pressure regulating unit as claimed in claim 1, 
wherein said main valve biasing means and/or said auxiliary 
valve biasing means comprises a fluid pressure operated 
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member and/or an elastically deformable member, in particu 
lar a spring, preferably a metal spring and/or a helically 
wound spring. 

4. The fluid pressure regulating unit as claimed in claim 1, 
wherein at least one of said valve biasing means, in particular 
said main valve biasing means is adjustable. 

5. The fluid pressure regulating unit as claimed in claim 1, 
wherein said valve member comprises a variable fluid flow 
cross section. 

6. The fluid pressure regulating unit as claimed in claim 1 
wherein said valve member comprises an axially movable 
tubular unit, wherein preferably said tubular unit comprises 
an inner passage. 

7. The fluid pressure regulating unit as claimed in claim 1, 
wherein said valve member comprises a valve seat with an 
essentially even Surface, in particular a plate-like valve seat. 

8. The fluid pressure regulating unit as claimed in claim 1, 
wherein the position of said valve means is essentially inde 
pendent of the fluid pressure in said fluid inlet port and/or the 
position of said valve means is at least partially dependent on 
the fluid pressure in said fluid outlet port. 

9. The fluid pressure regulating unit as claimed in claim 1, 
comprising at least one fluid inlet side pressure balancing 
CaS. 

10. The fluid pressure regulating unit as claimed in claim 1, 
wherein essentially every Surface part, being fluidly con 
nected to said fluid inlet port and having a Surface normal at 
least partially in parallel to the moving direction (A) of the 
moving part of said valve means, is balanced by a balancing 
surface part. 

11. The fluid pressure regulating unit as claimed in claim 1, 
wherein said valve member, in particular said axially movable 
tubular unit is designed and arranged with a minimum of 
Surface parts, being fluidly connected to said fluid inlet port 
and having a Surface normal at least partially in parallel to the 
moving direction (A) of the moving part of said valve means, 
in particular in that said axially movable tubular unit com 
prises a tapered surface part. 

12. The fluid pressure regulating unit as claimed in claim 1, 
wherein said valve means is in said second position, in par 
ticular in a closed position, if said main valve biasing means 
is in a weakly biased and/or unbiased state. 

13. The fluid pressure regulating unit as claimed in claim 1, 
comprising at least one actuator means. 

14. The fluid pressure regulating unit as claimed in claim 
13, wherein pilot pressure applying means are provided, 
which preferably can be selectively connected to said first 
fluid port and/or said second fluid port. 

15. The fluid pressure regulating unit as claimed in claim 
14, wherein said pilot pressure applying means can be con 
nected to a respective fluid pressure reservoir via a fluid 
throughput reducing means. 
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