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(57) Specified 1s a method for regulating the pressure of a fluid, moved through a pipe system with at least one
consumer by a pressure generator, driven with an electric motor. In order to ensure a sufficient supply for all consumers
on a continuous basis, the motor speed for adjusting the pressure 1n the pipe system (1) 1s regulated by way of a
controller (9). At least one control curve reflecting the fluid pressure i the pipe system (1) in dependence on the
amount of the fluid flowing through or the flow speed of the fluid 1s impressed into the controller. The control curve
extends with a uniform curvature between a predetermined pressure minimum and a predetermined pressure
maximum, such that in the direction of increasing pressure, it 1s located above a straight line connecting the points of
minimum pressure and maximum pressure and 1s at the greatest distance from this straight line 1 the center region
between the two points. The controller (9) 1s supplied continuously with an electrical variable as actual value, which
1s proportional to the amount of fluid flowing through or the flow speed of the fluid. If the actual value deviates from
the desired pressure value, specified according to the corresponding control curve (R), the motor speed 1s adjusted so
as to compensate for this.
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ABSTRACT OF THE INVENTION

Specified is a method for regulating the pressure of a fluid, moved through a pipe
system with at least one cdnsumer by a pressure generator, driven with an electric motor.
In order to ensure a sufficient supply for all consumers on a continuous basis, the motor
5péed for adjusting the pressure in the pipe system (1) is regulated by way of a controller
(9). At least one control curve reflecting the fluid pressure in the pipe system (1) in
dependence on the amount of the fluid flowing through or the flow speed of the fluid is
impressed into the controller. The éontrol curve extends with a uniform curvature
between a predetermined pressure minimum and a predetermined pressure maximum,
such that in the direction of increasing pressure, it is located above a straight line
connecting the points of minimum pressure and maximum pressure and is at the greatest

distance from this straight line in the center region between the two points. The

- controller (9) is supplied continuously with an electrical variable as actual value, which is

proportional to the amount of fluid flowing through or the flow speed of the fluid. If the
actual value deviates from the desired pressurc value, specified according to the

corresponding control curve (R), the motor speed is adjusted so as to compensate for this.
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CROSS-REFERENCE TO RELATED APPLICATION

This application claims the priority of Patent Application Serial No. DE
19831997.5, filed in Germany on July 16, 1998, the subject matter of which is

incorporated herein by reference.

BACKGROUND OF THE INVENTION
The 1nvention relates to a method for regulating the pressure of a fluid that is
moved through a system of pipes having at least one consumer. The fluid is moved by a
pressure generator driven by an electric motor.
The “fluid” within the meaning of the invention can include, for example, water,
stcam or gas. The method is used, for example, in locations where increased fluid
pressure is required to supply many ' consumers, such as is the case with multi-storied

buildings or hotels where a sufficient pressure is necessary at each water extraction point.

The same is also true for large heating plants or gas supply facilities. Accordingly, the
“pressure generator. can be a pump or a compressor. Representative of all possible
applications, the method is described in the following with the example of a pump-
operated water éupply.

The maximum pressure necessary for supplying all extraction points connected as
consumers to a pipe system for the water supply, for example, can be determined with the
aid of a calculation. Even though this maximum pressure is only needed if all consumers

want to have water, facilities of this type are consistently operated with a constant

maximurn pressure, involving a high cxpenditure of energy for operating the pump units,
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as well as increased wear on the pumps and valves. Furthermore, maintaining a

continuous high pressure will stress the pipes, so that pipe breaks occur relatively

frequently. Finally, disturbing flow noises often occur.

[t 1s the object of the invention to improve the above-described method in such a

way that the stress on the pipe system with associated units can be reduced.

SUMMARY OF THE INVENTION

This object is solved according to the invention in that:

- the motor speed for regulating the pressure in the pipe system is adjusted by a

controller with at least one control curve impressed into it, which is designed to
reflect the fluid pressure in the pipe system in dependence on the amount of fluid
flowing through or the flow speed for the fluid, which control curve extends
between a predetermined minimum and a predetermined maximum of the

pressure and 1s uniformly curved in such a way that in the direction of increasing

pressure 1t is located above a straight line, connecting the points of minimum

pressure and maximum pressure, and that in the center region between the two

points it 1s at the greatest distance to thc line;

- an electrical variable that is proportional to the amount of fluid flowing through or

the flow speed of said fluid is continuously supplied to the controller as actual

value;
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- if the actual value deviates from the desired pressure value according to the

control curve, the motor speed is adjusted to compensate for this.

With this method, the energy requirement for operating the pump unit is
minimized because only the pressure needed té supply actually switched-on consumers is
generated continuously. In the process and owing to the curved course of the control
curve, the pipe system is constantly provided with a slightly increased amount of
pressure, so that the respective fluid starts flowing immediately and with certainty if an
extraction point in the pipe system is opened. The control curve furthermore avoids an

overshooting or undershooting of the control operation, which could derail the complete

process. The wear on pump uaits and valves is reduced. Pipe breaks can be avoided for
the most part because only the pressure necessary for the water to flow 1s continuously
present in the pipe system. Disturbing flow noises do not occur any longer. Finally, itis
possible to use smaller pressure compensation containers. The method is suitable in

particular for higher pressures above 6 bar.

BRIEF DESCRIPTION OF THE DRAWINGS

These and other features and advantages of the invention will be further

understood from the following dctailed description of the preferred embodiments with

reference to the accompanying drawings in which:
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Shows a diagram of a plant for which the method according to the

invention can be used.
Figure 2 Shows control curves used with this method.
Figure 3 Shows a different plant as compared to Figure 1.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

The following description also relates to supplying water to extraction points by
means of a pump, without limiting the initially mentioned application range of the
invention. For a further simplification, the words “pump speed” are used in place of the
words “speed of the motor driving the pump.”

Figure 1, for example, schematically illustrates a water supply system for a multi-
storied building. The pipe system and its consumers, meaning the extraction points,
installed in the multi-storied building, are only indicated with the four arrows 1. The
water supplied via a pipeline 2 is pushed through a pipe 3 by means of a pump 4 and into
the pipe system 1. The pump 4 is driven by a non-depicted, clectric motor with
adjustable speed. A pressure compensation container 5, a flow sensor 6 and a pressure
meter 7 are connected to the pipe 3. A retumn valve 8 can also be installed in the pipe 3.

The flow sensor 6 and the pressure meter 7 are electrically connected to a
controller 9 for regulating the speed of pump 4 via a converter 10, e.g. a frequency

converter. Control curves R are impressed on the controller 9, as can be seen 1n Figure 2.

In Figure 2, the pressure P of the water inside the pipe system is plotted in bar, that 1s
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above the flow speed S in m/s for the same. In place of the flow speed S, it would also be
possible to use the amount of water transported in m’/hour, provided a device for

detecting the amount flowing through is used in place of the flow sensor 6.

The control curve R extends uniformly curved between a point P1 of minimum
pressure and a point P2 of maximum pressure. The curvature of the control curve R in
the direction of increasing pressure is directed away from a straight line G, which
connects the points P1 and P2. The distance between the control curve R and the straight
line G is greatest in the center region.

The control curve R as described herein can have a varied course and be at a more
or less great distance to the straight line G. Corresponding control curves are additionally
drawn into Figure 2 with dashed lines. The respective course of the control curve R is
based on the flow resistance of the pipe system 1 to be supplied. This resistance can be
calculated prior to using the method with the standard technique. In the process, the

minimum pressure is also determined. The maximum required pressure follows from the

flow resistance of the pipe system 1.

The method according to the invention, for example, works as follows:

The method or the plant to be supplied must initially be calibrated. For this, the

flow resistance of the pipe system 1 is computed and the points P1 of minimum pressure

and P2 of maximum pressure are specified. A control curve R for the controller 9 is

subsequently determined. The method can then be implemented by starting the operation

of pump 4. Following the start-up of pump 4, water is pushed into the pipe system 1.




10

15

20

CA 02277380 1999-07-15

The flow speed S of the water inside the pipe 3 depends on the number of opened
extraction points. The flow speed is detected by the flow sensor 6 and is fed as actual
value to the controller 9 in the form of an ¢lectrical variable. A pressure P that must be
generated by the pump 4 is assigned via the control curve R to each value for the flow
speed S. The controller 9 constantly feeds clectrical signals to the converter 10, which
signals are used to regulate the speed of pump 4 and adjust it to the desired value
according to the control curve R. The corresponding “correct” pressure P can be
monitored with the pressure meter 7, which is connected electrically to the controller 9.

The speed of pump 4 and thus the pressure P in the pipe system 1 is regulated
with the aid of a control curve R with a curved course, meaning it is not linear, between
the points P1 and P2 of maximum pressure and minimum pressure. The control curve R
approximately foﬂows the course of an e-function. In this way, it 1s ensured that
individual extractions points do not experience low supply, despite the controlled
pressure P in the pipc system 1, since the pressure is always higher than it would be with
a linear control, except for the two end points P1 and P2 of the control curve R.
Consequently, the water starts flowing immediately at each extraction point as soon as
the tap is opened. Still, there is also no oversupply at the extraction points since the
water pressure P in the pipe system 1 is constantly adaptcd to the flow speed S of the
water and thus to the actual consumption.

The pump 4 can be operated constantly with a speed corresponding to the

minimum pressure P1, but only if the water consumption is low. However, it can also be

shut down if the flow speed S of the water falls below the value corresponding to point
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P1. Since the flow speed S of the water in that case is also measured constantly, an
Increase in the flow spcéd 1s detected immediately, so that the pump 4 can be started up
again and can be adjusted to the correct speed.

In order to increase the safety of the method, the controller 9 can be provided with

a flow unit which, for example, reacts in the event that the flow sensor 6 fails. The pump

speed 4 1s then held at a constant value, which corresponds to a pressure above P1, until
the malfunction is corrected. For this, an optical and/or acoustical signal can also be
triggered automatically, which is designed to draw attentidn to the malfunction.

According to Figure 3, the method is also suitable for use with a compressor
system for supplying consumers with gas. The same parts as in Figure 1 are given the
same reference numbers in Figure 3. Thus, only the pump 4 is replaced by a compressor
11 and the fluid to be moved is not water but gas. In the same way as the pump 4, the
compressor system 11 is driven by an electric motor with adjustable speed. According to
Figure 2, the rnofor speed 18 again regulated by the controller 9 based on a control curve
R. The flow speed S for the gas in pipe 3 is transmitted to this controller as actual value
with the aid of an electrical signal from the flow sensor 6, which could be replaced — as
described in Figure 1 — by a device detecting the amount flowing through.

It will be understood that the above description of the present invention is
susceptible to various modifications, changes and adaptations, and the same are intended

to be comprehended within the meaning and range of equivalents of the appended claims.
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The embodiments of the invention in which an exclusive property or privilege

is claimed are defined as follows:

1. A method for regulating the pressure of a fluid that is moved inside a pipe system
having at least one consumer by a pressure generator driven by an electric motor,
characterized in that,

- the motor speed for regulating the pressure inside the pipe system 1s adjusted with
the aid of a controller, having at least one control curve impressed into it, which
reflects the fluid pressure inside the pipe system in dependence on the amount of
fluid flowing through or on the flow speed for this fluid, that said control curve
extends with a uniforrn curvature between a predetermined minimum and a
predetermined maximum of the pressure, in such a way that in the direction of
increasing pressure, it 1s loc;ted above a straight line that connects the points of
minimum pressure and maximum pressure and that in the center region between
the two points, it is at the greatest distance from this straight line;

- an electrical variable that is proportional to the amount of fluid flowing through or
the flow speed is constantly supplied as actual value to the controller;

- if the actual value deviates from the respective desired value for the pressure
specified according to the control curve, the motor spced 1s adjusted to
compensate for this.

2. A method according to claim 1, characterized in that varied control curves are
impressed into the controller in dependence on the flow resistance for varied pipe

systems.
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A method according to claim 1, characterized in that if the amount of fluid
flowing through corresponds to the minimum pressure, the motor is switched off
and that if the amount of fluid increases once more, the motor is restarted
automatically.

A method according to the claim 1, characterized in that the pressure in the pipe
system 1s measured continuously and is also supplied to the controller.

The use of the method according to claim 1 for supplying a plant, wherein a

minimum pressure of 6 bar is specified for the fluid moved inside the pipe system.
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