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(57) Abstract: The invention relates to a method
for controlling at least a part of a pump station
(1) comprising at least a speed controlled pump
(2) arranged in a container (3), wherein the meth-
od comprises a sub-method (Determine Egp.) that
is arranged for determining the specific energy
consumption Esp. Of said at least one pump (2),
and which involves the steps of operating said
pump (2) for at least two different speeds (ni,
nz,...) and for each of said a least two speeds (ni,
n2,..) in connection to one predetermined meas-
urement level (hmesuwe) N the container (3) de-
termining consumed power P(ni, n,..) and de-
termining outgoing fluid flow Q(ni, n,,...) from
the container (3), and deriving the pump's (2)
power curve P(n) from the at least two determ-
ined values of consumed power P (ni, n2,...), and
deriving the pump's (2) pump flow curve Q n)
from the at least two determined values of outgo -
ing fluid flow Q(¥%, n,...), and determining the
pump's (2) specific energy consumption (Espec) as
the quotient of the pump's (2) power curve P(n)
divided with the pump's (2) pump flow curve
Q(n).
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METHOD FOR CONTROLLING A PART OF A PUWP STATI ON

Technical field of the invention

The present invention relates in general to a nethod for
controlling a part of a punp station. Mre specifically, the
present invention relates to a nmethod for controlling a part
of a punp station conprising at |east one speed controlled
punp provided in a container, wherein the nethod conprises one

sub-nethod (determine E which is adapted to determine the

spe€) 7

specific energy consunption Espec of said at |east one punp.

Background of the invention and prior art

The cost for operating the punps in a punp station, or
punping station, intended for soiled water, sewage, surface
water, etc., are considerably large. For a long tine and up to
now, the majority of punps that have been installed in such
punp stations are controlled to start at maxi mum speed,
nom nal speed, when a fluid level of the punp station has
risen to one pre-determned start level for the punp, and
thereafter controlled to operate until one pre-determ ned stop
| evel for the punp is reached, but it is realised that this
way of control is very expensive. As a solution, speed
controll ed punps have been introduced in sonme applications,
e.g. frequency controlled punps where the supply current
frequency to the punp is selected to one, from an energy
consunption view, nore optiml value determ ned by nmeans of
cal cul ations and/or tests. These calculations and /or tests
result in a diversity, system depending and/or punp depending,
of curve diagrans from which the energy consunption per punped
volume in relation to e.g. speed or supply current frequency
can be derived, whereby said optimal value is a derived
m ni rum point. The introduction of speed controlled punps and
the adjustnent of supply current frequency/ speed values based

on the nom nal performance curve of the punp type results in
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cost savings, and save the punp as they very rarely or never
are operated at the maxi num speed.

However, speed control based on the nom nal perfornmance
curve of a punp type has sone drawbacks. It is a drawback that
the nom nal performance curve of a punp type not necessarily
is exactly the same for each individual punp of the punp type,
the nom nal performance curve of a punp type is further static
over time, which is not true for the real performance curve of
the specific individual punp. Mre definitely, the real
performance curve of the specific individual punmp wll change
in relation to the wear of the parts of the punp. To that nust
be added that the design of the punp station and surrounding
pi ping system and the upgrading thereof, wll have influence
on the performance curve of the punping station, which
i nfluence can be difficult or inpossible to predict and/or

cal cul ate .

Short description of the objects of the invention

The present invention ainms at renoving the above described
drawbacks and shortcom ngs of earlier known nethods for
controlling a part of a punping station, and to provide an
i nproved nethod. One basic object with the invention is to
provide an inproved nethod of the initially described type,
which by nmeans of a mnority of nmeasurenment provides a
situation adapted, real image of the specific energy
consunption E,. . of said at |east one punp.

One further object of the present invention is to provide a
method for controlling at |east one part of a punp station,
which is self-regulating in relation to the wear of the parts
of the punp and are substituted, and that is self-regulating
based on the design of the punping station in itself and the

surroundi ng pi pes.
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Short description of the features of the invention

In accordance with the invention, at |east one of the basic
objects is achieved by neans of the initially defined nethod,
of which features are defined in the independent claim
Preferred enbodi ments of the present invention are further
defined in the dependent clains.

In accordance with the present invention, a nethod is
provided of the initially defined type, which is characterized
by a sub-nethod (determine Eg, ) conprising the steps of:

- operating said punp at at least two different speeds (ni,n;,
...) and for each one of said at least tw different speeds
(ni,n,, ..-), in connection to one predeterm ned measurenent

| evel (hmeasure) in the container, determne consuned power
P(ni,n,, ...) and determne outgoing fluid flow Qni,n,, ...)
from the container;

- deriving a power curve P(n of the punp from the at | east
two determned values of consumed power P(ni,n,, ...) ;

- deriving a punping flow curve Q(n of the punp from the at
| east two determ ned values of the fluid flow Q(n,,n,, ...);
and

- determning a specific energy consunption curve (Eg, ) of the
punp as the quotient of the punp's power curve P(n) and the
punp's punping flow curve Q(n)

Thus, the present invention is based on the understandi ng
that even few neasurenents provides a situation adapted, real
imege of the specific energy consunption Eg, of said at |east
one punp, which provides better result than control based on
the pump' s nominal performance curve and the punp station' s
system curve.

According to a preferred enbodinent of the present
invention, said punp is operated at three different speeds ni,
n,, hs respectively, and according to a second enbodinent said
punp is driven at two different speeds ni and %, respectively.

The advantage by operating the punp at three different speeds
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is that a greater accuracy for the punp's specific energy
consunption as a function of the speed is obtained, and the
advantage of operating the punp at two different speeds is
that the specific energy consunption can be determned in a
qui cker manner.

Further advantages with and features of the invention are
evident from remaining dependent clainms and by the follow ng,

detailed description of preferred enbodinments.

Short description of the draw ngs

A nore conplete understanding of the above nentioned and
other features and advantages of the present invention will be
obvious by the followi ng, detailed description of preferred

enbodi ments with reference to the enclosed draw ngs, of which:

Fig. 1 is a schematic illustration of a punp station;

Fig. 2 is a schematic flowhart showi ng one enbodinment of
OPERATI ON OF PUVP STATI QN,

Fig. 3 is a schematic flowhart showi ng one preferred
enbodi mrent of the process step INTIATION, and

Fig. 4 is a schematic flowhart showing two preferred

enbodi rents of the process step LEARNING SEQUENCE.

Detail ed description of preferred enbodinents

By way of introduction, it should be nentioned that the
term "specific energy consunption Eg,." used in the claims as
well as in the description nmeans and is a nmeasure of the
energy consunption during operation of a punp. Specific energy
consunption is calculated herein according to the formula

E = P() [/ Q(n), where P(n) is consuned power as a

spec (M
function of speed n, and Q(n) is the outgoing fluid flow as
function of speed n.

In figure 1, a schematic illustration of a punp station,

generally denoted as 1, is showed conprising at |east one



10

15

20

25

30

WO 2014/181237 PCT/IB2014/061209

speed controlled punp 2, i.e. one or nmore and usually two
punps. Punp 2 is arranged for punmping fluid from one in the
punping station involved container 3 to an outlet pipe 4 and
further away from the punp station 1. The container 3 is even
known as sunp, tank, etc. Further, the punp station 1
conprises at |east one level neter neans 5 arranged for
determining the fluid level h of the punp station, it should
be pointed out that the level meter neans 5 can be one
separate apparatus, which is operatively connected to said
punp 2 being integrated in said punp 2, etc. Said at |east one
speed controlled punp 2 is preferably operatively connected
with the external control wunit 6 on purpose to allow control
on the punp' s 2 speed n, alternatively said at |east speed
controlled punp 2 conprises an integrated control wunit (not
shown)

Wth the wording "speed controlled" is included all
t hi nkabl e ways of changing the speed of the punp 2, preferably
in that the supply current frequency f can be controlled in
purpose to change the speed of punp 2, whereby the speed is
proportional to supply current frequency. Above all, it neans
control of supply current frequency by a frequency converter,
VFD, which is integrated in a punp or which is external,
whereat an external VFD preferably is arranged at the external
control wunit 6. However, it also nmeans internally or
externally controlled supply voltage regulation, internal
mechani cal brake that preferably acts on the driving shaft of
the punp, etc. Thus, it is on an overall Ilevel of the
invention not central how the speed of the punp is controlled,
only that the speed of the punp 2 can be regul ated/controll ed.

The inventive method is directed to control a part of such
a punping station 1 that conprises at |east a speed controlled
punp 2 for the purpose of mnimsing the specific energy
consunption E,c of said punp 2. The punp station 1 shall in

this context be regarded as a limted plant to which the
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incomng fluid arrives, incomng fluid flow, and from which
outgoing fluid is punped, outgoing fluid flow Punp station 1
shall, concerning the present invention, be regarded

i ndependent of type of fluid and independent from where the
fluid comes and to where the fluid shall be punped. Such a
punping station 1 can as been nentioned above conprise one or
nore punps, of which at least one punp 2 is speed controlled.
In the case when the punp station conprises a plurality of
punps 2, suitable altering or co-ordination can take place
between them which is not dealt with herein.

The method may for exanple be inplemented as an integrated
control wunit in a punp 2 or in the external control unit 6 in
a control cabinet, whereby the external control unit 6 is
operatively connected with the punp 2. Henceforth in the
description, the described enbodinment of the invention is
implemrented in an external control unit 6 of the punp station
1 if nothing else is indicated, but the description is also
valid for the corresponding case when the invention is
implemrented in a control wunit in the punp 2.

Pumping station 2, and the container 3, has a fluid |evel
that is denoted h and that in the present document is the
di stance between the instantaneous fluid surface in the
container 3 and the inlet of the punp 2 (see figure 1). The
flud level h is directly connected to the real geodesic
pressure head of the punmp 2, which pressure increases wth
sinking fluid level h. Wen the container 3 is being filled
with fluid, the fluid level h rises, and when the punp 2 is
active punmping out fluid, the fluid level h sinks. It should
be nmentioned that the container 3 may be filled with fluid at
the same tinme as the punp 2 is active and punps out fluid.

It should be nmentioned that the innovative nethod could be
extended with one or nore sub-nethods, and/or be operated in

parallel or sequentially wth other control nmethods.
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Reference is now made to figure 2, in which the operation
of a punp station 1 schematically is illustrated in a
flowchart. 1t should be realized that before the upstart of
the punp station 1, a diversity of input data to the control
met hod may be needed, e.g. different limt values for
permtted fluid level, etc. After punp station 1 upstart, the
first process step occur which is called Initiation, generally
denoted 7, which purpose is to determne certain operation
paraneters, which will be used in the follow ng process step
called Learning sequence, generally denoted with 8. The
process step Learning sequence 8 is neant to determne the

punp's 2 specific energy consunption E which in turn shall

spe C7/
be processed and the result of that shall be used in the
follow ng process step Operation, generally denoted with 9.
During operation of the punp station 1 a return from the
process step Operation 9 to the process step Learning sequence
8 may occur within predetermined tinme periods, to be able to

adjust finely the specific energy consunption E of the punp

spe C
2. 1t is also possible that during operation of a punp station
1 in the process step Operation 9 to restart from the process
step Initiation 7 within predetermined tinme periods and/or
when a punp has been replaced, the conditions upstream or
downstream of the punp station have changed, etc.

To be able to minimse the geodesic pressure head of the
punp station 1, one shall theoretically pump in such a way
that the fluid level in the container 3 the whole tine is
close to an allowed fluid level hg when the punp is active.
However, this is not practicable as it would inply that a punp
2, operating in an energy optimal speed and which generates an
outgoing fluid flow corresponding to an inflow in average, is
consi derably wundersized for the punping station and wll not
manage variable inflow over tine, alternatively it would inply
that a punp 2 that is sized for a variable inflow is forced to

operate at a speed different from |lower than the energy
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optimal speed during long periods of the operation tine. A
correctly dinensioned punp station 1 nmanages a variable inflow
and the punp 2 is active between a start level and a stop
level and it is operated at a favourable speed.

Wth reference now to figure 3, in which the process step
Initiation 7 is showed in a flowhart. During the process step
Initiation 7, the punp's 2 stop level h,,, is determ ned and
al so a neasurenent level h,.s we is determned, see even figure
1. The pump's 2 stop level h,,p, shall preferably be maxim zed
to correspond to the level in the container 3 that in practice
inplies feasible as well as optimal operation of the punp with
a suitable nunber of starts per hour.

The pump' s 2 stop level h,,, can be predetermned to be
equal to a predeterm ned value, alternatively be calculated
based on the specific punp station 1.

The neasurenent level h,.s «e shall be between the maxi nal
allowed fluid level hgx and the punp's 2 stop level h,,,- The
measurenent level h,.s we is preferably directly dependent of
the determ ned stop level h,,,, and/or of the maxi mum all owed
fluid level hgx. According a preferred performance the
nmeasurenent level h,.s we according to the formula: h.g we =
hstop + k* (hpax - hgop), Where k preferably is in the range 0,5 -
0,75. Alternatively, the neasurenent |evel h.s «we Can be
determ ned by calculation based on the specific punp station
1.

Wth reference to figure 4, in which the process step
Learning sequence 8 is schematically viewed in a flowchart,
this process step is even called Sub-nethod Determine E, .. The
process step Learning sequence 8 is basically nmeant to operate
said pump 2 with at least two different speeds (n;,n,, ., and
for each of said at least tw different speeds (ni;,n,, ., in
connection to the predeterm ned neasurenment I|evel (h.. ue
determ ne consuned power P(ni,n,, ., and to determ ne based on

fluid flow Qni,n,, ., fromthe container 3, thereafter is the
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punp's 2 power curve P (n) derived from the at least two
determ ned values of consumed power P(ni,n,, ., , the punp's 2
punmp flow curve Q(n) is derived from the at |east two

determ ned values of outgoing fluid flow Q(ni,n,, ., , and
finally determine the punp's 2 specific energy consunption
(Espec) as the quotient of the punp's 2 power curve P (n) divided
with the pump's 2 punp flow curve Q (n)

The neasurenent |evel h,. we Shall be sufficiently high to
allow the determ nation of an outgoing fluid flow Q before the
fluid level h in the container 3 beconmes too low, e.g. sinks
below the stop level h_,p-

Wth the term "in connection to", as used in the clains as
well as in the description in connection to the measurenent
| evel hmg,s,,., is meant that the determ nation of consuned power
P and outgoing fluid flow Q occurs firstly if/when a stable
outgoing fluid flow is achieved/ obtai ned. For exanple, the
punmp 2 is started when the fluid level h in the container is
equal to the measurenent level h,. uwe, then stable outflow is
awai ted to have been achi eved/ obt ai ned, which is considered to
have been fulfilled when for exanple a predeterm ned delay
time has ended or when a stable outflow is determned by
nmeasurenment. According to one alternative, equivalent,
enbodi ment the punp 2 is started at a fluid level h in the
container 3 that is located on a predetermined |evel above
said neasurenent level h,. we, SO it is ensured that a stable
outgoing fluid flow has been achieved/ obtained when the fluid

level h in the container 3 reaches the neasurenent |evel

hmeasure-
The Learning sequence 8 will now be described according to
a first, preferred enbodinent. |In the |earning sequence 8

according to this the first enbodinment the punp 2 is operated
at three different speeds. These three speeds is determ ned
preferably on a first manner the first time the Learning

sequence 8 takes place during operation of the punp station 1,



10

15

20

25

30

WO 2014/181237 PCT/IB2014/061209
10

and in a second manner the other tines the Learning sequence 8
t akes pl ace.

Here below, the Learning sequence 8 according to the first
enbodiment will be described the first tinme it takes place.

The punp 2 is started/activated at a start level hg,rt,
which is situated above the measurenent |evel h_ sure; and it
begins thereby to punp fluid from the container 3. At the
starting up of a punp 2 a certain delay tine is used before so
called stable operation is obtained, depending on that there
is inertia in the fluid which is situated in the downstream
|ocated pipes 4. This will be seen exactly at up start of the
punp 2, the current consunption is differently/nore wvariable
than at stable operation, even denoted as stable outgoing
fluid flow, at the same tine as the outgoing fluid flow is
less than at stable operation. The start level hg,rt shall be
situated at such a |evel above the neasurenent |evel h sure
that a stable operation has been obtained when the fluid Ievel
h in the container 3 reaches the neasurenent |evel h ggure-

The punp 2 is started, and when the fluid level h in the
container 3 reaches the neasurenment |evel h ,sure, the punp 2 is
operated at a first speed ni. The first speed ni is preferably

equal to the punmp' s 2 nominal speed n which corresponds to

nom »
that the punp 2, which is designed for the existing power
mains frequency (f,et), is operated directly by the power nmains
frequency (f .t)- In connection to the fluid level h in the
container 3 is equal to the measurenent |evel h_ ,sure, the
consuned power P(ni) and the outgoing fluid flow Qni)
corresponding to the first speed ni is deternmined. Wen the
consuned power P(ni) and the outgoing fluid flow Qni) have
been determined, the punp 2 is switched off for allowing the
fluid level h to rise again in the container 3, eventually the
punp 2 operation is continued for a certain time or to a

certain fluid level after that the consuned power P(ni) and the

outgoing fluid flow Qni) have been determned, for exanple the
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pump 2 is switched off at the stop level h,,p- The pump 2 is
started and when the fluid level h in the container 3 reaches
t he measurenent level h,.., sure, the punmp 2 is operated at the
second speed n,. The second speed n, is equal to a factor 0.9
times the first speed ni. In connection to that the fluid |evel
h in the container 3 is equal to the neasurenent level N ure,
the consumed power P (n2) and the outgoing fluid flow Qn,)
correspondi ng to the second speed n, are determ ned. The pump 2
is thereafter switched off as described above allowing the
fluid level 2 to rise again in the container 3. The pump 2 is
started and when the fluid level h in the container 3 reaches
t he measurenent level h..s ure, the punp 2 is operated at a third
speed n;. In connection to that the fluid level h in the
cont ai ner 3 is equal to the neasurenent level h.. sure, the
consumed power P(n;) and the outgoing fluid flow Qnj)
correspondi ng to the third speed n; are determ ned. The pump 2
is thereafter switched off as described above allowing the
fluid level 2 to rise again in the container 3.

To be able to determine the third speed n;, and to avoid
not working/ functional frequenci es, i nformation regarding a
zero-flow speed ng, is needed, and one predeterm ned | owest
allowed speed ng,4 ez.uit - The zero-flow speed ng, is determ ned
by extrapol ating of the linear function which intersect t he
two determined values for the outgoing fluid flows Qni)and
Qnj,), where Qng,) is set to zero. The third speed nj; is then
determined to the highest of the predeterm ned | owest al |l owed
speed n,.4 efouit and the quotient (Ngo + Ny)/2. 1If the third
speed n5; is higher than or equal to a factor 0.85 times the
first speed ni multiplied wth, the third speed n; is replaced
by the second speed n,, and an updated second speed n, is used
which is equal to a factor 0.95 times the first speed ni. In
ot her words, the earlier determ ned value for consunmed power
P(n,) corresponding to the second speed n, now becomes consuned

power P(nj3) corresponding to the third speed n;, and the
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earlier det er m ned value for outgoing fluid flow Qn,)
correspondi ng to the second speed n, becones out goi ng fluid
flow Qn 5) corresponding to the second speed n,, whereat new
val ues for consumed power P (n2) and outgoing fluid flow Qn,)
correspondi ng to the second speed n, is thereafter det er m ned
at operation of the punp 2 at the updated second speed n, =
0.95 . ni.

After each operation, the zero-flow speed N o0 and is

det er mi ned based on the three determ ned val ues for the

out goi ng fluid flow Qni) , Qn,) and Qngj).
The other times when the Learning sequence 8 occur, t he
three different speeds ni, n,, and ng; are determ ned in the

fol |l owi ng way.

The first speed ni is preferably equal to the nom nal speed
Npom- The second speed n, is equal to ny, + 2/3 . (ni - nNg,),
and the third speed n4 is equal to ng, + /3 . (ni - Ng,). Ny,
is the |owest speed that the punp 2 can have, and it is
det er m ned as the highest of the zero-flow speed Ngeo, t he
pr edet er m ned | owest al | oned speed n . . default, and the speed

No-min When the punp 2 generates the | owest out goi ng fluid flow

It should be nmentioned that in sonme applications N o0 and N o=l n
have the sane val ue, and in sonme applications there is no
zero-fl ow speed wher eat anmin constitutes a mnimm point for

the outgoing fluid flow

The purposes of the different ways to determ ne t he
different speeds ni, n,, and ng; are to obtain a uniform
di stribution anong them and a good spreading over the useful

region of the speed of the punp 2.

The consuned power P(n)y is determ ned preferably by
nmeasur ement by neans of a sensor that neasure sui table
vari abl e, and in those cases the punping station 1 conprises a
flow neter (not showed) which i s operatory connect ed to the

punp 2, the outgoing fluid flow Qn) is neasured with said

flow neter. However , it is cormobn that punp stations 1 do not
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involve a flow neter but only level neter 5, and then said
level meter 5 is used for determning the outgoing fluid flow
Qn) . The level neter shall be of so called anal ogous or
continuous type.

More precisely, the value of the outgoing fluid flow Qni)
corresponding to the first speed ni is deternmined by the steps
to nmeasure the fluid level variation dhdti,(ni) in the
container 3 when the punp 2 is inactive, neasure the fluid
level variation dhdt ,p(ni) in the container 3 when the punp 2
is operated at the first speed ni, and thereafter deternmine the
outgoing fluid flow Qni) corresponding to the first speed ni
by calculating the absolute value of the difference of the
nmeasured fluid level variation dhdti,(ni) in the container 3
when the punmp 2 is inactive ninus the nmeasured fluid |evel
variation dhdt , p(ni) in the container 3 when the punp 2 is

operated at the first speed ni, where dhdt and dhdti , (ni)

punp (Ni)
is given with their direction dependent sign, respectively.
The fluid level variation dhdti,(ni) in the container 3 when
the punp 2 is inactive is preferably neasured in direct
connection to when the corresponding fluid |evel wvariation
dhdtpunp (ni) in the container 3, when the punp 2 is active at
the first speed ni, is nmeasured. Mst preferably, the fluid
l evel variation dhdti,(ni) in the container 3 when the punp 2
is inactive is neasured before the corresponding fluid Ievel
variation dhdt , p(ni) in the container 3 when the punp 2 is
active at the first speed ni, is neasured. Preferably, the
outgoing fluid flow Qni) corresponding to the first speed ni
is determined by performing several neasurenents and use an
average value or nmedian val ue.

Wien a fluid level variation dhdti,(ni) in the container 3,
when the punmp 2 is inactive, is to be neasured after the punp
2 has been active, a delay tinme nust pass after the punp 2 has
been switched off before a measurement is perforned. The

reason is that, when the punp 2 has been switched off, there
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is certain inertia in the outgoing fluid flow which inply that
the outgoing fluid flow continues further a short time period
after that the punp 2 has been switched off, a back flow wll
thereafter return to the container 3 from the downstream
situated pipes 4, which phenonenon will produce misleading
values without delay time at measurenent of the real fluid
inflow to the container 3.

A new value 1is preferably det er m ned and used for the fluid
level wvariation dhdti ,(ni) in the container 3 when the pump 2
is inactive each time a new value for the outgoing fluid flow
Q shall be determ ned, but it should be realised that a
det er m ned value used for the fluid Ilevel variation dhdti , (ni)
in the container 3 when the punp 2 is inactive <can be used for
det ermi nati on of several values for the outgoing fluid flow Q
correspondi ng to different speeds.

It should be realised that the outgoing fluid flow Q(ny)
correspondi ng to the second speed % and the outgoing fluid
flow Qnj3) corresponding to the third speed n; is also
det er m ned as described above.

The punp's 2 power curve P(n) is derived from the three
det er mi ned/ neasur ed values for consumed power P(ni), P(n,), and
P(n ;). correspondi ng to the first speed ni, corresponding to
the second speed %, and corresponding to the third speed ng,
respectively. In the preferred enbodinent, the punp's 2 power
curve P(n) is equal to the polynonial a;~n + az*n2 + azns3, where
ai, a,, and a; are constants which are obtained via the

equation system

P(ni) = ai«.ni + a,ni’ + az.nis
P(n2) = ai*n2 + a2*%° + a,*n23
P(ng) = ai.ng + a,«ng? + azngs

Each tine the punmp's 2 power <curve P(n) is determned the
previous value of a;, a,, and aj, respectively, i s considered
and wei ghted, preferably with 50% i.e. ai = 0.5%ai, jov +

0.5«ay,previous
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The punp's 2 punp flow curve Q(n) is derived from the three
determ ned /neasured values for outgoing fluid flow Qni),
Qn,), and Qng) ., corresponding to the first speed ni, the
second speed n,, and the third speed n;, respectively. In the
preferred enbodinent, the punp's 2 punp flow curve Q(n) equal
to the polynomial bi + b,*n + bg*n2, where bi, b,, and b; are

constants which are obtained via the equation system

Qni) = bi + b,.ni + bgni®
Qn,) = bi + byn, + byny?
Qn3) = bi + b,.ng + bgng?

Each tinme the punp's 2 punp flow curve Q(n) is determned the
previous value of bi, b,, and b;, respectively, i s considered
and weigthed, preferably wth 50% i.e. bi = 0.5%bi, jou +
0. 5+«b1, previous

The punmp's 2 specific energy consunption (Eg.c) is
thereafter deternined as the quotient of the punp' s 2 power
curve P(n) divided with the punp's 2 punp flow curve Q(n),
whereupon the punp's 2 specific energy consunption (Egec) IS
used for determining the punp’ s 2 optimal speed ng,, which is
equal to the speed corresponding to the lowest value for the

punmp's 2 specific energy consunption E,.cnn The optiml speed

N,,t i s nunerically derived.

The Learning sequence 8 will now be described according to
a second enbodi nent. In the Learning sequence 8 according to
this second enbodinent, the punp 2 is operated at two

different speeds. These two speeds are preferably determ ned
in the follow ng way.

The punp 2 is started, and when the fluid level h in the
container 3 reaches the neasurenent | evel h,.s ure, the punmp 2 is
operated at a first speed ni. The first speed ni is preferably
equal to the punp' s 2 nonminal speed n, ., Wiich corresponds to
that the punp 2, which is designed for the existing power

mains frequency (f.t), is operated directly by the power mains

frequency (f,.t) - In connection to the fluid level h in the
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cont ai ner 3 is equal to the nmeasurenent level h.,..c urea the
consuned power P (ni) and the outgoing fluid flow Q(ni)
correspondi ng to the first speed ni is determ ned. When the

consuned power P (ni) and the outgoing fluid flow Q(ni) have

been determ ned, the punp 2 is switched off for allowing the
fluid level h to rise again in the container 3, eventually t he
pump 2 operation i s continued for a certain tine or to a

certain fluid level after that the consumed power P (n) and the
out goi ng fluid flow Q(ni) have been determ ned, for exanple the
punp 2 is switched off at the stop level hg, p- The pump 2 is
started and when the fluid level h in the container 3 reaches

t he measurenent level N,..curea the punp 2 is operated at the
second speed 3% . The second speed 3% is equal to a factor 0.9
times the first speed ni, the first tine the Learning sequence
occurs. I n connection to that the fluid level h in the

cont ai ner 3 is equal to the nmeasurenent level h..c urea the

consuned power P (n2) and the outgoing fluid flow Q(n»)

correspondi ng to the second speed 3% are determ ned. The punp 2
i s thereafter switched off as described above allowing the

fluid level 2 to rise again in the container 3. The values of
consuned power P (ni) and P (n2) corresponds to the first speed

ni, and the second speed 3%, respectively, and the values of

the outgoing fluid flow Q(ni) and Q(n,) corresponds to the

first speed n; and the second speed 3%, respectively, are

det er m ned in the same way as nentioned above in connection to
the first preferred ermbodi nent of the Learning sequence 8.

The punp's 2 power curve P(n) is derived from the

det er mi ned/ measur ed values of consuned power P(ni) and P (n2) ,
correspondi ng to the first speed ni and the second speed %,
respectively, In the second enbodinent, the punp's 2 power

curve P (n) equal to the power function P, .«(n/n )" , where P,
is the pump' s 2 nomnal power  consunption and n,,, i s the

pump' s 2 nomi nal speed, which corresponds to that the pump 2

i s operated directly by the power nmains frequency fnet, and c
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is a constant that is obtained by neans of the equation: p (n,)
= Pnog* (N,/Npgm)© - Each time the punp's 2 power curve P(n) is
det er m ned, the previous value of c¢ is considered and

wei ghted, preferably with 50% i.e. ¢ = 0.5%C, + 0.5+C,rcvious -

w

The punp's 2 punp flow curve Q(n) is derived from the
determ ned/ neasured values of outgoing fluid flow Qni) and
Qn,), corresponding to the first speed ni and the second speed
n,, respectively, In the second enbodinment, the punp's 2 punp
flow curve Q(n equal to the linear function ((n/n,,- d) / (1
- d))+Qnom, where Q., is the punp' s 2 nomnal punp flow and n,,,
is the punp' s 2 nominal speed, which corresponds to that the
punp 2 is operated directly by the power mains frequency f,..,
and d is a constant that is obtained by nmeans of the equation:
Qny) = ((no/npgm - d) /[ (1 - d))*Quem - Each time the punp's 2
punp flow curve Q(n is determned, the previous value of d is
considered and weighted, preferably with 50% i.e. d = 0.5%d.,
+ 0.5+«dprevious -

The punp's 2 specific energy consunption (Egec) is
thereafter determned as the quotient of the punp' s 2 power
curve P(n) divided with the punp's 2 punp flow curve Q(n),
whereupon the punp's 2 specific energy consunption (Egec) is
used for determning the punp' s 2 optinmal speed ng,, which is
equal to the speed corresponding to the |lowest value for the
punp's 2 specific energy consunption Eg. .nin- The optiml speed
n,,t i s obtained by deriving the punp's specific energy
consunption Eg.c and set the derivative to zero. The optinal
speed is then obtained according to the formula ngt =
biCiNpgef{ (¢ - 1) . The optinmal speed n.,, that is updated each
time the Learning sequence is perfornmed, is thereafter used
preferably as the second speed n, the other times the Learnng
sequence 8, according to the second enbodinment, takes place.

Now, reference is again nade to figure 2. In the process
step Operation 9, the obtained optiml speed n,,t is used.

According to a first enbodinent, the punp 2 is operated at an
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operation speed n,, that is equal to the optimal speed ng; .
According to the second enbodinent, the punp 2 is operated at
a operation speed n,, that is higher than the optimal speed

Nopy, 1.e. the operation speed ng,, = Nt + k« (n Nopt ) » Where

nom
k preferably is in the order 0.10 - 0.30, with the purpose to
ensure that the operation speed n,, not is |lower than the real
optimal speed ng, . It should be mentioned that higher as well
as |lower values of k may be used nonentary. Based on the

optimal speed n.,, the operation speed n,, may be different

e
for different values of the fluid level h in the container 3,
and the punp's 2 speed may thereby change, during the process
step Operation 9, in correspondence to the change of the fluid
| evel when the punp 2 is active.

It should also be pointed out, that the Learning sequence 8
may be performed at different neasurement levels h., uea i.€.
the optimal speed Nope  MBY be different for different levels in
the container 3 and is therefore related to the fluid level h
in the container, an optimal speed is thereby obtained as a

function of the fluid level in the container, nopt(h)

Possi ble nodifications of the invention

The invention is not Iimted only to the above described
and in the drawings illustrated enbodinments, which only
purposes are illustrative and exenplifying. This docunment is

nmeant to cover all adjustnents and variants of the preferred
enbodi ments described herein, and the present invention is
consequently defined by the wording in the enclosed clains,
and the equipnment may be nodified in every possible way wthin
the scope of the enclosed clains.

It is only pointed out that all information
about/concerning terns |ike above, under, upper, |ower, etc.
shall be interpreted/read wth the equipnment oriented in
accordance with the figures, with the drawings oriented in

such a way that the reference nunbers are correctly read.
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Thus, such terns indicates only the nutual relations in the
illustrated enbodinents, which relations may be changed if the
i nnovative equipnment is provided with another
const ruction/ design.

It nust be pointed out that even though it is not
explicitly nmentioned that the features of a specific
enbodi nent can be conbined with the features of another
enbodi nent, it should be considered as obvious when it is

possi bl e .
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Pat ent cl ai s
1. Method for controlling at least a part of a punp station
(1) conprising at least a speed controlled punp (2) arranged
in a container (3), wherein the nethod conpri ses a sub-net hod
(Det ermi ne Egec ) that i s arranged for determ ning the specific
energy consunption E gec of said at least one punp (2), and
which invol ves the steps of:
- operating said punmp (2) for at least two different speeds
(ni, n,, ., and for each of said at least tw speeds (niy, n,,
..),» 1n connection to a predetermned measur ement I evel
(hmeasure) in the container (3), determne consuned power P (ni,
n,, y and determne out goi ng fluid flow Qni, n,, y from the

cont ai ner (3),
- deriving the power curve P(n of the pump (2) from the at
least two determn ned values of consumed power P (ni, n,, .,

- deriving the punp flow curve Q¢(n) of the pump (2) from the at

| east two deternined values of outgoing fluid flow Qni, n,,
y , and
- determ ni ng the specific energy consunption (Egec ) of the

punp (2) as the quotient of the power curve P(n) of the punp

(2) divided with the punp flow curve Q(n) of the punp (2)

2. Method accordi ng to claim 1, wherein the specific ener gy

consunption (E of the punp (2) is used for determning t he

spec )
opti mal speed (N opt ) of the punmp (2), which is equal to the
speed that corresponds to the |owest value for the specific

energy consunption (E min) of the punmp (2)

spec ’

3. Method accordi ng to claim 1 or 2, wherein the predeterm ned

measur ement I evel (hmessure) in the container (3) is situated at
a distance above a stop |evel (h Stop) for the punmp (2), wherein
said distance is in the region 0.5 - 0.75 times the difference
bet ween a maxi nal al | oned fluid 1evel (hpex) in the container

(3 and the stop |evel (hgigp) of the punp (2)
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4. Method according to any of the clains 1 - 3, wherein a
first speed (ni) is equal to the nom nal speed (n,,,) of the
punp (2), which corresponds to the punp (2) being operated

directly by the power mmins frequency (f,.t) -

5. Method according to clainms 1 - 4, wherein the sub-nethod

(Determine E,,c) conprises the steps of:

- operating said punmp (2 at a first speed (ni) and for the
first speed (ni) in connection to the predeterm ned
measurenment |evel (h ure) determ ning consumed power P(ni)
and determ ning outgoing fluid flow Q(ni),

- operating said punp (2 at a second speed (3 and for the
second speed (%) in connection to the predeterm ned
measurenment |evel (h, ure) determ ning consumed power P (n2)
and determ ning outgoing fluid flow Q (%),

- operating said punp (2 at a third speed (n3) and for the
third speed (n3) in connection to the predeterm ned
measurenment |evel (h ure) determ ning consumed power P(nj)
and determning outgoing fluid flow Qnj),

- deriving the power curve P (n) of the punp (29 fromthe three
determ ned values of consuned power P(ni), P(n2), and P(njy),

- deriving the punp flow curve Q) of the punp (29 fromthe
three determ ned values of outgoing fluid flow Q(i), Q (%),
and Q(njz),

- determining the specific energy consunption (E of the

)
spec
punp (2) as the quotient of the power curve P (n) of the punp

(2) divided with the punp flow curve Q) of the punp (2) .

6. Method according to claims, wherein the first speed (ni) is
hi gher than the second speed (% , and wherein the second speed
(¥ is higher than the third speed (nj3).
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7. Method according to claim 6, wherein the difference between
the first speed (ni) and the second speed (n,) is equal to the

difference between the second speed (%) and the third speed

(ng) .

8. Method according to any of the claims 5 - 7, wherein said
three values of the outgoing fluid flow Qni), Q(% ), and Qn,)

is measured by nmeans of a flow neter connected to the punp

(2)

9. Method according to any of the claims 5 - 7, wherein the
value of the outgoing fluid flow Qni) corresponding to the
first speed (ni) is determined by the steps of:

- nmeasuring the fluid level variation dhdti ,(ni) in the

cont ai ner (3) when the punmp (2) is inactive,

- measuring the fluid level variation dhdt in the

punp (N1)
cont ai ner (3 when the punp (2) is operated at the first speed
ni, and

- determ ning the outgoing fluid flow Qni) corresponding to
the first speed (ni) by calculating the absolute value of the
di fference of the neasured fluid |l|evel variation dhdti ,(ni) in
t he container (3 when the punp (2) is inactive minus the

nmeasur ed fluid level wvariation dhdt in the container (3)

punp (N1)
when the punp (2) is operated at the first speed (ni)

10. Method according to any of clains 5 - 9, wherein the power
curve P (n) of the punp (20 is equal to the polynonial ai*n +
a,*n’ + az*n3, where a;, .,, and aj are constants which are
obtained via the equation system

P(ni) = ai«ni + az*nl2 + agnis

P(n2) = ai*¥% + a2*%° + az*n23

P(n3) = ai.ng + a,«nz2 + azng3
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11. Method according to any of clains 5 - 10, wherein the punp
flow curve Q(n) of the punp (2) is equal to the polynonial bi +
b,*n + b3*n®, where bi, b,, and b3 are constants which are

obtained via the equation system

P(ni) = bi + b,.ni + b3a.ni?
P(n2) = bi + b2*n2 + b3*n2°
P(n3) = bi + b,.ng + bsnjz2

12. Method according to claims 1 - 4, wherein the sub-nethod

(Determine E conprises the steps of:

spe )

operating said punp (20 at a first speed (ni) and for the

first speed (ni) in connection to the predeterm ned

measur enment level  (h ,gure) determining consumed power P(ni)

and deternining outgoing fluid flow Qni),

— operating said punp (20 at a second speed (¥ and for the
second speed (¥ in connection to the predeternmn ned
measur enment level  (h ,gure) determining consumed power P (n2)
and deternining outgoing fluid flow Q (3%),

— deriving the power curve P (n) of the punmp (20 from the two
determ ned values of consuned power P(ni), and P(n,),

— deriving the punmp flow Q(n) of the punp (20 from the two

determ ned values of outgoing fluid flow Qni), and Q (%),

- determ ning the specific energy consunption (E of the

spec )
punp (2) as the quotient of the power curve P(n) of the punp

(2) divided with the punp flow curve Q(n of the punp (2

13. Method according to claim 12, wherein the first speed (ni)

is higher than the second speed (%)

14. Method according to claim 12 or 13, wherein the power
curve P (n) of the punp is equal to the power function

Pnomt (n/n where P i s the nom nal power consunption of

C
nom) ! nom

the punp (2) and n,,, is the nom nal speed of the punp (2),

m

whi ch corresponds to that the punp (2) is operated directly by
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the power mmins frequency (f,..,, and c is a constant that is

obt ai ned by neans of the equation: P(n,) = Pk (o Npem)® -

15. Method according to clains 12 - 14, wherein the punp flow
curve Qn) of the punp (20 is equal to the linear function
((n/npm - d) / (1 - d))*Q,om. Where Q,,, is the nomnal punp flow
of the punp (2 and n,,, is the nom nal speed of the punmp (2),
whi ch corresponds to that the punp (2 is operated directly by
the power mains frequency (f,..,, and where d is a constant

that is obtained by means of the equation: Qny) = ((ny/Npom -
d)y / (1 - d))«Qgn -
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