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DESCRIPTION
Technical Field of the Invention

[0001] The present invention relates generally to a method for controlling an arbitrary number 
of pumps. In particular, the present invention relates to a method for automatic mutual 
alternation between an arbitrary number of pumps by the control of an individual pump, which 
makes use of a start condition for a state change from an inactive state of the pump into an 
active state of the pump to be performed, as well as makes use of a stop condition for a state 
change from said active state into said inactive state to be performed.

Background of the Invention and Prior Art

[0002] Traditional fundamental control of a pump station comprising one or more pumps is 
based on a pump being activated when a start condition is satisfied and is switched off when a 
stop condition is satisfied. Usually, there is a level instrument arrangement that detects when a 
pump start liquid level in the sump of the pump station is reached as well as when a pump stop 
liquid level is reached. According to law and custom, pump stations are almost always 
equipped with at least two pumps arranged in parallel, where a secondary pump just is a 
security in case the primary pump breaks or if the inflow to the pump station for the moment is 
unusually high.

[0003] Some manufacturers/users only use the primary pump in normal pumping, but this 
gives a large wear of the primary pump at the same time as the disposal of faultless function of 
the secondary pump is uncertain when the same is indeed needed. On the contrary, it is more 
common to alternate between the primary pump and the secondary pump when emptying of 
the sump is required.

[0004] A simple way of alternation, in view of control, includes that the pumps are active every 
second time, another way of alternation is to let them be active equally long as measured over 
a certain time, a third way to alternate the activation of the pumps is to let the pumps be active, 
for instance, every second day. However, all of said ways of alternation require that the control 
unit of the pump station, or the respective control unit of the pumps, has knowledge about the 
number of pumps that are arranged in the pump station and/or that communication takes place 
between the pumps.

[0005] One way to try to avoid communication between the pumps is shown in US 7,195,462,
wherein each one of several pumps of one and the same pump station has at least two
predefined pump start liquid levels, and wherein the pump that was active most recently
assumes the higher pump start liquid level and the other pumps keep the lower pump start
liquid level, with the purpose of one of the most recently inactive pumps instead of the most
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recently active pump being to be activated the next time the liquid level in the sump rises 
sufficiently high. However, this publication shows that each pump has to be aware of how many 
other pumps being arranged in the sump.

[0006] EP 1 256 724 A1 discloses a method according to the preamble of claim 1, wherein a 
starting time delay is randomly chosen for each pump.

[0007] Common to the previously known solutions is that, at least as regards waste water 
applications, a considerable tidal mark of grease and dirt will be built up at the fixed pump start 
liquid level, which is not desirable.

Brief Description of the Objects of the Invention

[0008] The present invention aims at obviating the above-mentioned disadvantages and 
failings of previously known methods and at providing an improved method for controlling a 
pump. A primary object ofthe invention is to provide an improved method ofthe initially defined 
type, which results in that alternation of the active pump will take place without the need of 
neither direct nor indirect communication between the pumps.

[0009] Another object of the present invention is to provide a method that results in that the 
individual pump does not need to know if or how many other pumps that are installed in the 
sump.

[0010] Another object of the present invention is to provide a method that results in that 
building up of a tidal mark of grease and dirt on the inside of the sump is prevented.

Brief Description of the Features of the Invention

[0011] According to the invention, at least the primary object is achieved by the method 
defined in appended claim 1.

[0012] Accordingly, the present invention is based on the understanding that, by, for several 
independent pumps, randomly/arbitrarily changing the respective start condition of the pumps, 
an alternation of the activation of the pumps will take place, since they over time randomly will 
obtain start conditions corresponding to the lowest pump start liquid level in an alternating way.

[0013] Preferred embodiments of the present invention are furthermore defined in the 
depending claims.

[0014] According to the invention, the step of arbitrarily changing the start condition of the
pump comprises the step of determining a pump start liquid level hstart, which is arbitrarily



DK/EP 2721302 T3

changed within an interval having predetermined limits. This interval is preferably limited by 
and comprises a lower pump start liquid level hstart,min and θη upper pump start liquid level 

hstart.max- This arrangement is preferred in those pump stations that comprise so-called 

dynamic level instruments that dynamically can determine the liquid level in the sump.

[0015] In a preferred embodiment, the step of arbitrarily changing the start condition of the 
pump also comprises the step of determining a start time delay tje|ay of the pump, which start 

time delay preferably is changed within an interval, which is limited by and which comprises a 
lower limit that is equal to 0 and an upper limit tde|ay max.

[0016] Additional advantages and features of the invention are seen in the other dependent 
claims as well as in the following, detailed description of preferred embodiments.

Brief Description of the Drawings

[0017] A more complete understanding of the above-mentioned and other features and 
advantages of the present invention will be clear from the following, detailed description of 
preferred embodiments, reference being made to the accompanying drawings, wherein:

Fig. 1
is a schematic illustration of a pump station,

Fig. 2
is a flow chart showing a first embodiment of the method according to the invention,

Fig. 3
is a flow chart showing a second embodiment of the method according to the invention,

Fig. 4
is a flow chart showing a third embodiment ofthe method according to the invention,

Fig. 5
is a flow chart showing a fourth embodiment ofthe method according to the invention,

Fig. 6
is a flow chart showing a first embodiment of the sub method "Find start condition", and

Fig. 7
is a flow chart showing a second embodiment of the sub method "Find start condition".

Detailed Description of Preferred Embodiments

[0018] In Figure 1, a pump station is shown, generally designated 1, comprising at least one
pump 2, which is arranged to pump liquid from a sump 3 included in the pump station 1 to an
outlet pipe 4 and further away from the pump station 1. Further, the pump station 1 comprises
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at least one level instrument 5 arranged to determine the pump station liquid level h; it should 
be pointed out that the level instrument 5 may be an individual device that is operatively 
connected to an external control unit 6, be operatively connected to said at least one pump 2, 
be built-in in said at least one pump 2, etc. Said at least one pump 2 is preferably operatively 
connected to the external control unit 6 with the purpose of, for instance, allowing regulation of 
the pump speed, alternatively the pump 2 comprises a built-in control unit (not shown). It 
should be pointed out that the present invention is aimed at a method, generally designated 7, 
for controlling an arbitrary number of pumps.

[0019] Said pump 2 makes use of a start condition for a state change from an inactive state of 
the pump into an active state of the pump to be performed, as well as makes use of a stop 
condition for a state change from said active state into said inactive state to be performed. With 
the expression "makes use of, as used in the claims as well as in the detailed description, it is 
intended that the start conditions and the stop conditions, for instance, reside in said external 
control unit 6 and that the same produces state change of the pump 2, alternatively, the start 
conditions and the stop conditions may, for instance, reside in a control unit in the pump 2, or 
the like.

[0020] The pump station 1 has a pump station liquid level, which is designated h and which in 
the present patent application is the distance between the liquid level in the sump 3 and the 
inlet of the pump 2 (see Figure 1), the pump station liquid level h is also coupled to the real 
lifting height ofthe pump 2, which increases with falling pump station liquid level h. When the 
sump 3 is refilled with liquid, the pump station liquid level h rises, and when the pump 2 is 
active and pumps out liquid, the pump station liquid level h falls. It should be pointed out that 
the sump 3 can be refilled with liquid at the same time as the pump 2 is active and pumps out 
liquid.

[0021] The stop condition for a pump 2 is usually a pump stop liquid level hstop that 

corresponds to a liquid level in the sump 3 where the pump 2 is snooring, i.e., pumps a mixture 
of air and liquid, or is a predetermined lowest pump stop liquid level hstop that corresponds to a 

liquid level in the sump that is sufficiently high to guarantee that snooring does not occur. 
Usually, the stop conditions of the pump 2 are unchanged over time.

[0022] According to the present invention, the start condition for the pump 2 is randomly 
changed within predetermined limits. The start condition ofthe pump 2 consists of a pump start 
liquid level hstart that preferably corresponds to a liquid level in the sump 3 that is positioned 

with a margin at a distance from the liquid level in the sump 3 when the pump station 1 is 
flooded.

[0023] In Figures 2-5, there are shown preferred embodiments of the method 7 according to
the invention for controlling a pump 2. It should be pointed out that the method 7 according to
the invention may be expanded, within the scope of the claims, using one or more sub
methods, and/or be run in parallel/sequentially with other control methods. The method 7
according to the invention comprises a sub method, designated "Find start condition", which
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serves the purpose of randomly changing the start condition of the pump 2 within 
predetermined limits. The object of said sub method is to periodically change the start 
condition of the specific pump 2 in such a way that, in case there are several pumps arranged 
in one and the same sump 3, i.e., are connected to one and the same liquid volume, an 
alternation of the activation of the pumps will take place automatically without any pump 
needing to know whether additional pumps are arranged in the same sump 3.

[0024] Reference is now made to Figures 2 and 3. The method 7 starts and then a check is 
made if a certain stage has elapsed. Said stage consists preferably of an operating period, 
which preferably has the length 24 h or a multiple of 24 h, alternatively said stage may consist 
of a number of pump cycles, i.e., how many times the liquid level in the sump 3 has fallen or 
how many times the specific pump has been active, alternatively said stage may consist of a 
maximum time tmax that the specific pump has been inactive, or another suitable measurable 

course of events. In Figure 2, this check step is illustrated by means of whether the condition 
T(vpump=0)-tmax is satisfied, wherein T(Vpump=0) is elapsed time during which the individual 

pump speed Vpump of the pump 2 has been equal to zero, i.e., how long the pump has been 

inactive. However, it should be realized that also the other above-mentioned and other similar 
check step alternatives are included in the check step shown in Figures 2 and 3 and handles 
whether a stage has elapsed.

[0025] In the case of checking of completed operating period, the measurement of elapsed 
time T of the operating period in progress is set to zero in connection with an operating period 
being completed and another one being initiated. It should be pointed out that T may also be 
actual, or absolute, time, and then the relationship between actual time and a multiple of the 
operating period is checked instead, i.e., for instance every time the actual time strikes 00:00, 
a new operating period starts. Also in the case when checking of how long the specific pump 
has been inactive, the measurement of elapsed time T is set to zero, and then the 
measurement of elapsed time T starts once again when the individual pump next time is 
stopped and the pump speed Vpump is set equal to zero. In the case when checking of a 

number of elapsed pump cycles or the like is made, this counter is set to zero correspondingly.

[0026] After an affirmative check whether a certain stage has elapsed, and in connection with 
possible resetting of the appropriate counter/clock, the method 7 proceeds to a sub method 
designated "Find start condition", which aims at determining the next start condition for the 
specific pump 2. The sub method "Find start condition" will be described more in detail below 
after the overall method 7 has been described.

[0027] After the sub method "Find start condition", alternatively after a negative check whether 
a certain stage has elapsed, the method 7 continues to the next method step, which is 
"Retrieve pump station liquid level, h".

[0028] The pump station liquid level h is determined by means of some form of customary
level instrument arrangement, which may comprise one or more co-operating level instruments
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5, which may be static or dynamic. Static level instruments may also be called discrete, fixed, 
etc. Static level instruments, such as a conventional tiltable level instrument, checks if a 
predetermined liquid level has been attained. Dynamic level instruments may also be called 
continuous, analog, etc. Dynamic level instruments, such as an acoustic level instrument being 
immersed or sound echo or light reflection level instruments suspended above, can, unlike 
static level instruments, continuously check the instantaneous liquid level in the sump 3.

[0029] When the pump station liquid level h has been retrieved, a check is made if the pump 
station liquid level h in the sump 3 is lower than the liquid level that corresponds to a pump 
stop liquid level hstop, i.e., whether the condition h<hstop is satisfied. If the condition h<hstop is 

satisfied, the pump speed Vpump is set equal to zero and the possibly active pump 2 is switched 

off, and the method 7 is terminated and returns to start. If the condition h<hstop is not satisfied, 

it is then checked if the liquid level in the sump 3 is higher than the liquid level that corresponds 
to a pump start liquid level hstart, i.e., whether the condition h>hstart is satisfied. If the condition 

h>hstart is satisfied, the pump 2 is activated at a pump speed Vpump that is greater than zero, 

selected pump speed may be optimized in a suitable way. If the condition h>hstart is not 

satisfied, alternatively after the pump 2 has been activated, the method 7 is terminated and 
returns to start according to the preferred embodiment according to Figure 2. In the 
embodiment according to Figure 2, the start condition of the pump consists of hstart-

[0030] According to the embodiment shown in Figure 3, the start condition of the pump 
consists a pump start liquid level hstart as well as a time delay tde|ay that is a delay between 

when the liquid level in the sump 3 reaches the pump start liquid level hstart and a check 

whether the pump station liquid level h falls/decreases is carried out. Similar to the 
embodiment according to Figure 2, the method 7 is terminated and returns to start if the 
condition h>hstart is not satisfied, but in case the condition h>hstart is satisfied, the method 7 

proceeds instead into a pause method step and awaits the time tde|ay, after that a check is 

made if the pump station liquid level h in the sump 3 falls/decreases. If the pump station liquid 
level h falls, it shows that one or more other pumps are active and pump out liquid from the 
common liquid volume. Accordingly, these other pumps have been activated while the specific 
pump 2 has awaited the time tde|ay. The method 7 is terminated and returns to start. If the 

pump station liquid level h does not fall/decrease, the specific pump 2 is activated at a pump 
speed Vpump that is greater than zero, after which the method 7 is terminated and returns to 

start. It should be pointed out that the steps of checking the conditions h<hstop and h>hstart, 

together with the respective associated subsequent method step, can interchange place 
without the method in other respects, or the present invention, being affected.

[0031] Reference is now made to Figure 4 that shows a third embodiment of the present
method 7. The method 7 starts and then a check is made if a certain stage has elapsed. In this
embodiment, said stage consists of whether it is the first time the method 7 is executed, for
instance after the pump 2 was energized or after the method 7 was restarted.
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[0032] After an affirmative check whether a certain stage has elapsed, the method 7 proceeds 
to the sub method "Find start condition", which aims at finding next start condition for the 
individual pump 2. After the sub method "Find start condition", alternatively after a negative 
check whether a certain stage has elapsed, the method 7 continues to the next method step 
"Retrieve pump station liquid level, h" as described above in the context of Figures 2 and 3.

[0033] When the pump station liquid level h has been retrieved, a check is made if the pump 
station liquid level h in the sump 3 is lower than the pump stop liquid level hstop, i.e., whether 

the condition h<hstop is satisfied. If the condition h<hstop is satisfied, the pump speed Vpump is 

set equal to zero and the possibly active pump 2 is switched off, then the method 7 proceeds 
to the sub method "Find start condition", whereupon the method 7 is terminated and returns to 
start. If the condition h<hstop is not satisfied, a check is made if the liquid level in the sump 3 is 

higher than the pump start liquid level hstart, i-θ-, whether the condition h>hstart is satisfied.

[0034] If the condition h>hstart is satisfied, the method 7 proceeds into a pause method step 

and awaits the time tdeiay, then a check is made if the pump station liquid level h in the sump 3 

falls/decreases, after which the method 7 is terminated and returns to start in case the pump 
station liquid level h in the sump 3 decreases/falls as described above in the context of Figure 
3. If the pump station liquid level h does not fall/decrease, the specific pump 2 is activated at a 
pump speed Vpump that is greater than zero, after which the method 7 is terminated and 

returns to start.

[0035] If the condition h>hstart is not satisfied, the check that initially was executed in the 

embodiments according to Figures 2 and 3, i.e., whether a certain stage has elapsed, is made. 
After an affirmative check, the method 7 proceeds to the sub method "Find start condition", 
whereupon the method 7 is terminated and returns to start. After a negative check, the method 
7 is terminated directly and returns to start.

[0036] According to a fourth embodiment according to Figure 5, which is an alternative 
embodiment of the third embodiment shown in Figure 4, the method 7 proceeds, after the 
condition h<hstop has been checked and the pump speed Vpump been set equal to zero, to 

made the initial check in the embodiments according to Figures 2 and 3, i.e., whether a certain 
stage has elapsed, instead of performing the sub method "Find start condition". It should be 
pointed out that the embodiments according to Figures 4 and 5 may, after an affirmative check 
ofthe condition h>hstart, be changed like the embodiment according to Figure 2, i.e., that the 

method steps await tde|ay and check whether the pump station liquid level h decreases are 

removed.

[0037] It should be pointed out that if the individual pump is active but the liquid level in the
sump 3 does not fall/decrease but instead increases, other pumps will be activated when their
respective pump start liquid levels hstart are reached. If this does not help, the pump station 1

may be provided with a maximally allowed pump station liquid level hmax, on which the speed
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of one or more pumps is raised with the purpose of preventing the pump station 1 from being 
flooded.

[0038] In Figure 6, a first embodiment of the sub method "Find start condition" is shown, and in 
Figure 7, a second embodiment of the sub method "Find start condition" is shown.

[0039] Common to the shown sub methods "Find start condition" is that after start, a first sub 
method step "Run function: Determine hstart" is carried out, which means determination of a 

value of the pump start liquid level hstart, i.e., on which liquid level in the sump 3 the specific 

pump 2 should be activated. The value of the pump start liquid level hstart is selected arbitrarily 

within an interval having predetermined limits. The interval is limited by and comprises a lower 
pump start liquid level hstart min and an upper pump start liquid level hstart max. The distance 

between the lower pump start liquid level hstartmin and the upper pump start liquid level 

hstart,max is preferably less than 1 m, more preferably less than 0,5 m. Preferably, the value of 

the pump start liquid level hstart is selected arbitrarily according to a uniform distribution, 

preferably according to a discrete uniform distribution, within said interval. The distance 
between the discrete values of pump start liquid level hstart is preferably greater than or equal 

to 1 cm and smaller than or equal to 10 cm, more preferably approximately equal to 5 cm.

[0040] According to the first embodiment of the sub method "Find start condition" shown in 
Figure 6, the sub method is terminated after that.

[0041] According to the second embodiment of the sub method "Find start condition" shown in 
Figure 7, a second sub method step "Run function: Determine tde|ay " is carried out, which 

means determination of a value of the time delay tje|ay that is a delay of the method 7 after the 

liquid level in the sump 3 reaches the pump start liquid level hstart, i.e., in practice it is a delay 

of the activation of the specific pump 2. The value of the time delay tde|ay is selected arbitrarily 

within an interval having predetermined limits. The interval is limited by and comprises a lower 
limit tde|ay min and an upper limit tde|ay max. Preferably, the lower limit is equal to 0. The time lag 

between the lower limit tde|aymin and the upper limit tde|ay max is preferably less than 10 min, 

more preferably less than 5 min. Preferably, the value of the time delay tde|ay is selected 

arbitrarily according to a uniform distribution, preferably according to a discrete uniform 
distribution, within said interval. The distance between the discrete values of the time delay 
tdelay is preferably greater than or equal to 10 s and smaller than or equal to 1 min, more 

preferably approximately equal to 0,5 min.

[0042] In an alternative embodiment, the upper limit tde|ay max of the time-delay may be equal 

to the lower limit tde|ay m|n of the same, wherein, in practice, the first embodiment of the sub 

method "Find start condition" is obtained.

Feasible Modifications of the Invention
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[0043] The invention is not limited only to the embodiments described above and shown in the 
drawings, which only have the purpose of illustrating and exemplifying. This patent application 
is intended to cover all adaptations and variants of the preferred embodiments described 
herein within the scope of the accompanying claims. Accordingly, the equipment can be 
modified in all feasible ways within the scope ofthe accompanying claims.

[0044] It should also be pointed out that all information about/regarding terms such as upper, 
under, etc., should be interpreted/read with the equipment orientated in accordance with the 
figures, with the drawings orientated in such a way that the reference designations can be read 
in a proper way. Accordingly, such terms only indicate mutual relationships in the shown 
embodiments, which relationships may be changed, within the scope of the claims, if the 
equipment according to the invention is provided with another construction/design.

[0045] It should be pointed out that even if it is not explicitly mentioned that features from one 
specific embodiment can be combined with the features of another embodiment, this should be 
regarded as evident when possible within the scope of the claims.
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1. Fremgangsmåde til automatisk indbyrdes vekslen mellem et vilkårligt antal 
pumper, der er indrettet til at pumpe væske fra en sump (3) af en pumpestation 
(1) ved hjælp af styring af hver enkelt pumpe (2), uden at der er behov for 
hverken direkte eller indirekte kommunikation mellem pumper, hvilken frem­
gangsmåde gør brug af en startbetingelse, for at der kan udføres en tilstands­
ændring fra en inaktiv tilstand af pumpen (2) til en aktiv tilstand af pumpen (2), 
såvel som gør brug af en stopbetingelse, for at der kan udføres en tilstands­
ændring fra den aktive tilstand til den inaktive tilstand, hvor fremgangsmåden
(7) omfatter en underfremgangsmåde, der omfatter trinnet med, efter en for­
udbestemt fase, tilfældigt at ændre startbetingelsen for den enkelte pumpe in­
den for forudbestemte grænser, kendetegnet ved at trinnet med tilfældigt at 
ændre startbetingelsen for pumpen omfatter trinnet med vilkårligt at udvælge 
et pumpestartvæskeniveau hstan inden for et interval med forudbestemte græn­
ser.

2. Fremgangsmåde ifølge krav 1, hvor pumpestartvæskeniveauet hstart ændres 
vilkårligt inden for et interval, som er begrænset af, og som omfatter et nedre 
pumpestartvæskeniveau hstan,min og et øvre pumpestartvæskeniveau hstart,max.

3. Fremgangsmåde ifølge krav 2, hvor afstanden mellem det nedre pumpe­
startvæskeniveau hstan,min og det øvre pumpestartvæskeniveau hstan,max er min­
dre end 1 m, fortrinsvis mindre end 0,5 m.

4. Fremgangsmåde ifølge et hvilket som helst af kravene 1-3, hvor pumpe­
startvæskeniveauet hstart bestemmes vilkårligt i henhold til en diskret uniform 
fordeling inden for de forudbestemte grænser.

5. Fremgangsmåde ifølge krav 4, hvor afstanden mellem de diskrete værdier 
af pumpestartvæskeniveau hstart er større end eller lig med 1 cm og mindre end 
eller lig med 10 cm.
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2

6. Fremgangsmåde ifølge et hvilket som helst af kravene 1-5, hvor trinnet med 
tilfældigt at ændre startbetingelsen for pumpen omfatter trinnet med at be­
stemme en tidsforsinkelse tdeiay for aktivering af pumpen.

5 7. Fremgangsmåde ifølge krav 6, hvor start-tidsforsinkelsen tdeiay ændres vil­
kårligt inden for et interval, som er begrænset af, og som omfatter, en nedre 
grænse tdeiay,min og en øvre grænse tdeiay,max.

8. Fremgangsmåde ifølge krav 7, hvor tidsforskydningen mellem den nedre
10 grænse tdeiay,min og den øvre grænse tdeiay,max er mindre end 10 min, fortrinsvis

mindre end 5 min.

9. Fremgangsmåde ifølge et hvilket som helst af kravene 6-8, hvor tidsforsin­
kelsen tdeiay bestemmes vilkårligt i henhold til en diskret uniform fordeling inden

15 for de forudbestemte grænser.

10. Fremgangsmåde ifølge krav 9, hvor afstanden mellem de diskrete værdier 
af tidsforsinkelsen tdeiay er større end eller lig med 10 s og mindre end eller lig 
med 1 min.
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