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(54) Control of a pump device

(57) A method of controlling a pump device for dis-
charging fluid, wherein the method comprises the steps
of providing a heat portion adapted to be thermally cou-
pled to the fluid to allow heat transfer there between when
the fluid is at or above a certain level; monitoring a tem-
perature parameter reflecting a temperature of the heat
portion, the temperature parameter including a temper-
ature value of the temperature of the heat portion; calcu-
lating a cooling rate value (CRV), the calculation includ-

START

d

ing a comparison between at least two temperature val-
ues measured at different times; performing a pumping
operation analysis including a comparison between a
present cooling rate value (CRV) and a reference cooling
rate value (ref), the reference cooling rate value repre-
senting a specific cooling rate of the heat portion; and
initiating pumping operation to discharge the fluid if the
cooling rate value is equal to or exceeds the reference
cooling rate value.
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Description

Technical Field of the Invention

[0001] The invention relates to the field of methods for
controlling a pump device for discharging fluid. The in-
vention furthermore relates to the field of devices for con-
trolling a pump device for discharging fluid.

Technical Background

[0002] Pump devices for discharging fluid are used in
a large number of applications, for example discharging
fluid from fluid tanks or discharging excess fluid from con-
struction sites or sewage pipes. Such pump devices may
be of the submersible type, i.e. that the pump device is
able to be at least partly submersed in the fluid which the
pump device is adapted to discharge. In some applica-
tions, e.g. where the fluid level varies, it may be desirable
that the pumping operation of the pump device is auto-
matically controlled. For example, it may be desirable to
control when the pump device is to be turned on or turned
off depending on the fluid level or the variation thereof.
Moreover, it may also be desirable to control the speed
of the motor or the pumping rate depending on the vari-
ation of fluid level. Thus, the pump device is turned off
when the fluid level is at or below a predetermined lower
level. The pump device may then be arranged to start
after a predetermined period of time. Such an automat-
ically controlled pump device is advantageous in order
to avoid damages to the pump device due when the pump
device is running dry.

[0003] One method of achieving such automatic con-
trol is presented in US 6,203,282 where reference values
of the electric current driving the pump device motor is
stored in a memory and compared with the present elec-
tric current in order to determine when the pump is run-
ning dry indicated by a decreasing electric current.
[0004] Another method of automatic control of a pump
is presented in US 6,481,973. The temperature of the
motor driving the pump may be monitored, and the pump
may be stopped if the temperature is too high in order to
avoid overheating of the pump. Detection of that the
pump is starting to pump air instead of fluid, i.e. running
dry, may be achieved either by using a level sensor or
by detecting a sudden decrease of the motor torque or
by detecting a sudden increase of the motor speed. After
the pump has been stopped, the pump may be restarted
either after a predetermined time or when the motor tem-
perature has decreased to a predetermined value. Wait-
ing a predetermined time before restarting the pump may
be problematic due to the risk of flooding if the fluid level
would increase rapidly during the predetermined time
when the pump is stopped. This problem could be partly
alleviated by choosing a very short predetermined time,
but on the other hand this would result in an excessive
amount of unnecessary starts and operation resulting in
wear to the pump. Waiting until the temperature has de-
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creased to a predetermined level before restarting the
pump may resultin similar problems, i.e. the risk of flood-
ing if the temperature limit is set to a too low value or
unnecessary starts and dry operation if the temperature
limit is set to a too high value.

[0005] Thus, there is a need for an improved method
of controlling of a pump device for discharging fluid, and
in particular an improved method of controlling starts of
a pump device which overcomes the above mentioned
drawbacks of the prior art.

Summary of the Invention

[0006] Itis an object of the present invention to provide
an improved method of controlling a pump device for dis-
charging fluid which achieves a repeatable and accurate
detection of an increasing fluid level such that the pump
device is reliably started when fluid is needed to be dis-
charged in order to avoid flooding while limiting the
number of unnecessary and unwanted starts of the pump
device.

[0007] This and other objects are achieved according
to the present invention by providing a method having
the features defined in the independent claim. Preferred
embodiments are defined in the dependent claims.
[0008] According to a first aspect of the present inven-
tion, there is provided a method of controlling a pump
device for discharging fluid. The method comprises the
step of providing a heat portion adapted to be thermally
coupled to said fluid to allow heat transfer there between
when the fluid is at or above a certain level; monitoring
atemperature parameter reflecting a temperature of said
heat portion, said temperature parameter including a
temperature value of the temperature of said heat por-
tion; calculating a cooling rate value, said calculation in-
cluding a comparison between at least two temperature
values measured at different times; performing a pump-
ing operation analysis including a comparison between
a present cooling rate value and a reference cooling rate
value, said reference cooling rate value representing a
specific cooling rate of said heat portion; and initiating
pumping operation to discharge said fluid if said cooling
rate value is equal to or exceeds said reference cooling
rate value.

[0009] The heat portion may be a portion of a pump
device or connectable to the pump device. Also, the cool-
ing rate value is thus based on at least two temperature
values measured at different times such that the cooling
rate value corresponds to a heat transfer from the heat
portion to its surrounding including the thereto thermally
coupledfluid, i.e. the degree of cooling of the heat portion.
The cooling rate value may otherwise be based on at
least two calculated temperature values based on tem-
perature values measured at different times. Particularly,
the cooling rate value may be based on two temperature
values being mean temperature values of a plurality of
temperature values measured at different times. Further-
more, the reference cooling rate value represents a spe-
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cific cooling rate that corresponds to fluid level rise of the
fluid. Put differently, the rise of the fluid level increases
a cooling effect of the heat portion resulting in an increase
of the cooling rate. Thus, the reference cooling rate value
is selected to represent a specific cooling rate corre-
sponding to a heat transfer from the heat portion reflect-
ing an increase or rise of the fluid level, i.e. an increase
of the amount of fluid thermally coupled to the heat por-
tion.

[0010] According to a second aspect of the present
invention, there is provided a control device for controlling
a pump device for discharging fluid, said device compris-
ing a heat portion adapted to be thermally coupled to said
fluid when the fluid is at or above a certain level; a first
temperature sensor for monitoring a temperature of said
heat portion, said first temperature sensor being adapted
to provide a temperature sensor signal representing the
temperature of the heat portion; and controller adapted
to apply a control signal to a connectable pump device,
said controller being further adapted to calculate a cool-
ing rate based on at least two temperature values meas-
ured at different times from the first temperature sensor
signal at different times; perform a pumping operation
analysis including a comparison between a present cool-
ing rate value and a reference cooling rate value, said
reference cooling rate value representing a specific cool-
ing rate of said heat portion; and to apply a control signal
to a connectable pump device to initiate pumping oper-
ation to discharge said fluid if said cooling rate value is
equal to or exceeds said reference cooling rate value.
[0011] Accordingto a third aspect of the presentinven-
tion, there is provided a pump system comprising a pump
device and a control device according to the second as-
pect.

[0012] Consequently, a method of controlling a pump
device for discharging fluid is achieved including the start
of the pumping operation which may detect an increasing
fluid level more robustly and repeatedly compared to the
prior art due to the use of reliable temperature measure-
ments instead of using mechanical sensors such as level
sensors which may be obstructed by objects in the fluid,
e.g. when the fluid is wastewater or other object contain-
ing fluid. Furthermore, the method may also rapidly and
reliably detect the increasing fluid level due to that the
start condition is based on a change or variation of the
temperature, more precisely a cooling rate, instead of
static temperature values which may easily be affected
by a number of sources of errors. Thus, the cooling rate
(being calculated from measured heat portion tempera-
ture values) responds quickly to an increasing fluid level.
[0013] Putdifferently, the step of monitoring a temper-
ature parameter reflecting the temperature of a heat por-
tion includes measuring a temperature parameter con-
tinuously or at a regular interval or at irregular intervals
during at least a part of the time. The interval(s) may be
predetermined or adjustable and/or adaptable during op-
eration of the pump device. Put differently, the step of
calculating a cooling rate value includes calculating a

10

15

20

25

30

35

40

45

50

55

cooling rate value based on at least a first temperature
value and a second temperature value, wherein the first
and second temperature values are measured sequen-
tially or subsequently in time, for example consecutively.
The calculation of the cooling rate includes a comparison
and/or difference calculation of the at least two temper-
ature values. Put differently, the step of performing a
pumping operation analysis may include comparing the
calculated cooling rate value with areference cooling rate
value. In other words, the reference cooling rate value is
selected to represent a predetermined cooling rate of the
heat portion which corresponds to a rate of fluid level
increase.

[0014] Thus, the presentinvention is based on the in-
sight that a rising fluid level of the fluid to be discharged
provides a cooling effect and that there is a correlation
between a cooling rate and a rise of the fluid level that
may be used to monitor the fluid level. Also, there is also
an insight that this correlation may be used to detect a
rising fluid level when the pump is not in operation. Put
differently, the present invention is based on the insight
that a reference cooling rate value may be selected to
reliably and accurately detect a rising fluid level in order
to start the pump device or initiate the pumping operation
to discharge fluid when the fluid level rises. Thus, by cal-
culating a cooling rate value and comparing it with a ref-
erence cooling rate value a rise of the fluid level may be
detected. The cooling rate value is based on temperature
measurements of a heat portion being arranged to be
thermally coupled to the fluid to allow heat transfer there
between. As is understood, the heat portion is arranged
with a temperature at least above that of the fluid to allow
a cooling of the heat portion in order to provide a cooling
rate value. Preferably, the heat portion is arranged with
a temperature higher than that of said fluid in order to
provide or ensure a temperature difference sufficient to
calculate a cooling rate value that represents a rise of
the fluid level.

[0015] The reference cooling rate value may, for a giv-
en fluid temperature, be selected as an indication of a
lower reference fluid level at which the pump device is
adapted to initiate pumping operation. In other words,
since the cooling rate value may reflect the heat transfer
rate between the fluid and the heat portion, the cooling
rate value may be correlated to the rate at which the fluid
level is increasing. For example, a quick increase of the
fluid level results in a large amount of fluid (having a lower
temperature than the heat portion) in thermal contact with
the heat portion, resulting in a rapid decrease of the heat
portion temperature, i.e. a high cooling rate value. A high
cooling rate value may thus be correlated to a rapid in-
crease of the fluid level and may thereby be an indication
of a high fluid level. Consequently, the reference cooling
rate value may be selected as an indication of a user
defined or predetermined fluid level at which the pump
deviceistodischargefluid, i.e. afluid level at which pump-
ing operation of the pump device is to be initiated. In other
words, a reliable and repeatable method for controlling
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a pump device for discharging fluid may be achieved
which may control the pump device such that pumping
operation is initiated at a user defined or predetermined
fluid level using a temperature sensor.

[0016] Itis understood that the heat portion being ther-
mally coupled to the fluid may refer to that the heat portion
arranged to be in thermal contact with the fluid to allow
heat transfer when the fluid level is above a predeter-
mined low level above a ground level, floor surface or
bottom surface of a space having fluid that needs to be
discharged, i.e. the fluid level needs to be above a certain
level such that the thermal coupling may be allowed be-
tween the heat portion and fluid. The predetermined low
level may also correspond to a fluid level above which
the pump device is adapted to discharge fluid.

[0017] Itis understood that a positive value of the cool-
ing rate corresponds to a decreasing heat portion tem-
perature. It is furthermore understood that the compari-
son between at least two temperature values measured
at different times may comprise a comparison between
at least two temperature values measured immediately
sequentially after each other in time or measured se-
quentially in time with a predetermined time or predeter-
mined number of samples of temperature values in be-
tween the at least two temperature values used in the
comparison. The comparison between at least two tem-
perature values measured at different times may further-
more comprise a comparison of temperature values
measured at different, i.e. at least two, positions of the
heat portion. The temperature values may also be meas-
ured at different positions of the heat portion, temperature
values thereby reflecting the temperature of different por-
tions of the heat portion. Put differently, the step of cal-
culating a cooling rate value may include a comparison
between at least two temperature values measured at
differenttimes and atleast two temperature values meas-
ured at different positions of the heat portion. This may
be advantageous in an embodiment where the heat por-
tion is extending in the direction in which the fluid level
is increasing or decreasing. In such an embodiment, ad-
vantageous effects may be achieved because a cooling
rate may be calculated by comparing at least two tem-
perature values measured at different times and/or com-
paring at least two temperature values measured at dif-
ferent positions of the heat portion. Thus, the cooling rate
value considers changes both in time and space.
[0018] The temperature difference between the heat
portion and the fluid, i.e. that the temperature of the heat
portionis arranged to be atleast a temperature difference
above the temperature of the fluid, may be achieved ac-
tively or passively. In for example environments where
the temperature of the surrounding is sufficiently higher
than that of the fluid temperature, the heat portion may
have the same temperature as the surrounding temper-
ature. In such a case, the heat portion requires no active
heating thereby passively ensuring a sufficient and prop-
er temperature difference.

[0019] In an embodiment of the invention, the method
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further comprises a step of heating said heat portion to
a certain temperature or temperature difference above
the temperature of the fluid. In for example environments
where the temperature of the surrounding is near the fluid
temperature, the heat portion may require heating to ob-
tain the temperature difference, thereby actively provid-
ing a sufficient and proper temperature difference is pas-
sively ensured. This is advantageous because a temper-
ature difference between the heat portion and the fluid
is achieved which is selected such that an accurate cool-
ing rate value may be calculated in order to mitigate the
influence of noise and numerical problems. It is further-
more advantageous because a sufficiently large initial
temperature difference between the heat portion and the
fluid (after heating the heat portion) may require the step
of heating the heat portion to be repeated less frequently.
[0020] In another embodiment of the invention, the
method further comprises a step of heating the heat por-
tion if a difference between the temperature value and a
reference temperature value is equal to or below a ref-
erence difference value. This is advantageous if the
pumping device has been standing still, i.e. the pump
device is not in pumping operation, for a period of time
such that the temperature of the heat portion has de-
creased to such an extent that the temperature difference
between the heat portion and the fluid is not sufficiently
large so that the cooling rate may calculated with a small
sensitivity for measurement noise and numerical prob-
lems. By comparing the difference between the present
temperature value of the heat portion and a reference
temperature value with a reference difference value, sit-
uations when the cooling rate may not be accurately cal-
culated or calculated at all may be avoided or minimized.
[0021] In yet another embodiment of the invention, the
method further comprises a step of repeating the step of
heating the heat portion if pumping operation has not
been initiated after a predetermined time interval. This is
advantageous if the pumping device has been standing
still, i.e. not performing a pumping operation, for a period
of time such that the temperature of the heat portion has
decreased to such an extent that the temperature differ-
ence between the heat portion and the fluid is not suffi-
ciently large so that the cooling rate may calculated with
a small sensitivity for measurement noise and numerical
problems. The predetermined time interval may be set
to a constant value based on measurements and/or field
experience or may be adapted during operation of the
pumping device, such that situations when the cooling
rate may not be accurately calculated or calculated at all
may be avoided or minimized.

[0022] In yet another embodiment of the invention, the
method further comprises a step of heating the heat por-
tion comprises electrically heating the heat portion. The
heat portion may be electrically heated by means of an
electrically heated element being thermally coupled to
the heat portion.

[0023] In yet another embodiment of the invention, the
method further comprises a step of heating said heat
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portion comprises heating the heat portion by a motor
adapted to drive the pump arrangement, the motor being
thermally coupled to the heat portion. In other words, the
step of heating comprises running or by other means
heating a motor being thermally coupled to the heat por-
tion such that heat is transferred from the motor to the
heat portion, wherein the motor is adapted to drive the
pump arrangement. Hereby, the heat portion may be
heated by using heat losses from the motor which oth-
erwise would be dissipated to the fluid or surrounding air.
The heat portion may be a portion of the motor. This is
advantageous because no additional heat portion is re-
quired.

[0024] In yetanother embodiment of the invention, the
heat portion is an electrically heated element. The elec-
trically heated element may be an electrically heated tem-
perature sensor. In yet another embodiment of the inven-
tion, the method further comprises a step of monitoring
at least one motor load parameter reflecting the load of
a motor being arranged for driving the pump arrange-
ment, the load parameter including a motor load value
of the motor load of the motor. The method may further-
more comprise a step of interrupting the pumping oper-
ation if the motor load value is equal to or below a refer-
ence motor load value. The reference motor load value
may represent a motor load value at which the pump
device is essentially not pumping any liquid, i.e. running
dry. Hereby, the motor may be stopped when the pump
is oris beginning to run dry due to a low flood level, there-
by avoiding damages to the pump device and/or motor.
[0025] In yetanother embodiment of the invention, the
method further comprises a step of interrupting the step
of heating the heat portion and initiating pumping oper-
ation if the motor load value is equal to or above the
reference motor load value. In other words, the step of
heating the heat portion may be interrupted and pumping
operation may be initiated if the fluid level has increased
substantially indicated by a motor load value being equal
to or above the reference motorload value. In forexample
the case where when the heat portion is being heated
while the fluid level starts to increase, it is advantageous
to be able to detect this increasing fluid level and interrupt
the heating step and initiated pumping operation instead
such that flooding is avoided.

[0026] In yetanother embodiment of the invention, the
motor is an electrical motor.

[0027] The motor load value may be a measure of the
supplied power to the motor. In the case of an electric
motor, this motor load value may for example be based
the cosine of the phase difference between the voltage
and the current over an electrical winding of the electric
motor. In other embodiments, the motor load value may
be the electrical current through an electrical winding of
the electrical motor.

[0028] The heat portion may be an electrical winding
of the electric motor. This is advantageous because the
electrical winding is heated as a side effect when the
pump device is operating, i.e. when a current is fed
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through the electrical winding. Thereby, the heat portion
may assume a higher temperature than the fluid at least
when an electrical current is fed through the electrical
winding, thereby a cooling rate of the heat portion may
be calculated after the pump device has been stopped
or after the electrical current is stopped. This is further-
more advantageous in the sense that the temperature
sensor which the electrical winding is normally standard
equipped with in order to monitor overheating of the wind-
ing may be used for monitoring the heat portion temper-
ature, no additional temperature sensor is thus required.
In yet another embodiment, the temperature of the heat
portion may be measured by measuring the resistance
of the electrical winding. This is advantageous because
no temperature sensor at all may be required.

[0029] The step of heating said heat portion may in-
clude feeding an electric current through the electrical
winding of the electric motor. In other words, an electrical
current is fed through an electrical winding of the electri-
cal motor of a size such that heat is developed in the
winding due to the electrical resistance of the winding.
The electrical current may be of a sufficiently small size
such that a pump impeller of the pump device being con-
nected to the electric motor and being arranged for dis-
charging said fluid does not rotate. In other words, the
electrical current may be of a sufficiently small size such
that the electrical winding acts as a heating element only.
This is advantageous because no unnecessary wear to
the pump device may result from the step of heating the
heat portion because neither the pump impeller nor the
motor rotates. The electric current may in yet another
embodiment be of a size such that the pump impeller of
the pump device does rotate, i.e. such that the pump
device would discharge fluid if the fluid level were above
a minimum level at which the pump device is adapted to
discharge fluid. This is advantageous because an in-
creasing fluid level during the step of heating the heat
portion may be detected based on a measured current
through an electrical winding or a phase difference be-
tween the current and voltage over the electrical winding
as discussed above.

[0030] In yet another embodiment of the invention, the
motor may be an internal combustion engine or any other
type of motor. The heat portion may be thermally coupled
to the exhaust side of an internal combustion engine such
that rapid heating of the heat portion may be achieved.
[0031] In yet another embodiment of the invention, the
method further comprises the step of monitoring a fluid
temperature parameter reflecting the temperature of the
fluid, the fluid temperature parameter including a fluid
temperature value of the temperature of the fluid. The
method may furthermore comprise the step of adapting
at least one of the following parameters in relation to the
fluid temperature value: the reference temperature value,
the reference difference value, the reference cooling rate
value. The step of adapting may include adapting the
reference difference value such that it is at a sufficiently
high level above the present fluid temperature. This is
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advantageous because a sufficiently high temperature
difference between the heat portion and the fluid is
achieved which may allow calculation of the cooling rate
value with a small sensitivity for noise and numerical
problems. It is furthermore advantageous because the
sufficiently high initial temperature difference between
the heat portion and the fluid (after heating the heat por-
tion) may allow the step of heating the heat portion to be
repeated less frequently. The step of adapting may in-
clude adapting the reference cooling rate value based
on the adapted values of the reference temperature
and/or the reference difference value and based on the
fluid temperature value. Adapting the reference temper-
ature value and/or the cooling rate value is advantageous
because pumping operation may be initialized at consist-
ent fluid level increase rates or consistent fluid levels
even if the fluid temperature is varying with time.
[0032] The reference cooling rate value may be nor-
malized using the heat portion temperature value and/or
the fluid temperature value. Hereby, the comparison be-
tween the calculated cooling rate value and the reference
cooling rate value may be more robust in a wide range
of environments and less sensitive to the absolute values
of the present temperatures.

[0033] Inyetanother embodiment, the reference cool-
ing rate value is a function of the heat portion temperature
or a function of a normalized heat portion temperature.
The function may for example be an exponential function,
a linear function or a polynomial. The step of adapting
may include adapting the parameters of the function. The
parameters of the function may be adapted such that
pumping operation may be initialized at consistent fluid
level increase rates or consistent fluid levels even if the
fluid temperature is varying with time.

[0034] In yetanother embodiment of the invention, the
pump device is a submersible pump. A submersible
pump may refer to a pump device comprising a pump
housing, atleast one pump impeller and a motor, wherein
the complete pump device is submersible in fluid. The
motor of the submersible pump may be cooled by the
surrounding fluid during operation. In yetanother embod-
iment, the pump device is a submersible pump of the
vertical type, wherein the motor driving the pump impeller
is arranged at a vertical distance from the pump impeller
which may be substantially above the fluid level.

[0035] In yetanother embodiment of the invention, the
pump device may be a standalone pump where the pump
device is fluidically coupled to the location from where
fluid is to be discharged by means of for example a hose
or a pipe. In this embodiment, the heat portion may pref-
erably be an electrically heated temperature sensor be-
ing arranged for thermal contact with the fluid.

[0036] In yetanother embodiment of the invention, the
pump device may be a vertical pump where the pump
housing and the pump impeller are arranged at a distance
from the motor. The pump housing is thus at least partly
submersed in fluid, and the motor is not. The pump im-
peller may be coupled to the motor via for example an
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axle. In this embodiment, the heat portion may preferably
be a portion of the pump housing.

[0037] In yet another embodiment of the invention, the
cooling rate value is a time derivate of the temperature
of the heat portion. The time derivate of the temperature
of the heat portion may be calculated numerically with
for example the backward difference method using the
at least two temperature values measured at different
times.

[0038] In yet another embodiment of the invention, the
cooling rate value is a heat transfer coefficient of said
heat portion. In other words the cooling rate value is a
heat transfer coefficient indicating the heat transfer rate
between the heat portion and the fluid and/or air. The
heat transfer coefficient may be calculated from the fol-
lowing expression:

T(T)=Thuia-(T(0)-Tauiq)*exp(-A*h/(m*Cp)*

, where T is the heat portion temperature, 7 is the cooling
time, Tg,,iq is the fluid temperature, A, m*Cp is the thermal
mass of the heat portion (constant), and h is the heat
transfer coefficient. The thermal mass m*Cp of the heat
portion may be expressed as:

m*Cp=2(m;*Cp),

where m; is the mass of sub portion i of the heat portion
and Cp; is the specific heat capacity of sub portion i of
the heat portion.

[0039] In yet another embodiment of the invention, the
step of monitoring at least one temperature parameter
may include storing at least one temperature value in a
memory device.

[0040] In an embodiment of the invention, the control
device comprises a plurality of temperature sensors for
monitoring a temperature of said heat portion. The tem-
perature sensors are adapted to provide a temperature
sensor signal representing the temperature of the heat
portion. The cooling rate value (CRV) is calculated based
on at least two temperature values measured at different
times from the temperature sensor signal at different
times. The plurality of temperature sensors may be ar-
ranged to measure the temperature at various positions
around the periphery of the pump housing.

Brief Description of the Drawings

[0041] These and other aspects of the present inven-
tion will now be described in more detail, with reference
to the appended drawings showing currently preferred
embodiments of the invention, wherein:

fig 1 is a flow chart describing an embodiment of the
method of controlling a pump device,
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fig 2 is a flow chart describing another embodiment
of the method of controlling a pump device,

fig 3 is a flow chart describing yet another embodi-
ment of the method of controlling a pump device,
fig 4 is a flow chart describing yet another embodi-
ment of the method of controlling a pump device,
fig 5 is a flow chart describing yet another embodi-
ment of the method of controlling a pump device,
fig 6 is a flow chart describing yet another embodi-
ment of the method of controlling a pump device,
fig 7 shows an illustration of a conventional pump
cycle,

fig 8 shows measurement results using the method
of controlling a pump device according to an embod-
iment of the invention,

fig 9 shows measurement results using the method
of controlling a pump device according to an embod-
iment of the invention,

fig 10 is anillustration of a submersible pump device.

Detailed Description of a Preferred Embodiment of the
Invention

[0042] Inthe following description, embodiments of the
present invention are described.

[0043] Fig 1is a flow chart describing an embodiment
of the method of controlling a pump device. This embod-
iment of the method is intended to control a pump device,
which could be of the submersible type, comprising a
pump housing, a pump impeller and an electrical motor
having an electrical winding, where the electrical motor
is arranged for driving the pump impeller adapted to dis-
charge fluid.

[0044] In afirst step 1, a temperature parameter T re-
flecting the temperature of a heat portion is measured or
monitored. The temperature parameter includes a tem-
perature value of the temperature of the heat portion. In
other words, the temperature parameter is measured
continuously or at a regular interval or at irregular inter-
vals during at least a part of the time. The interval(s) may
be predetermined or adjustable and/or adaptable during
operation of the pump device. The heat portion is the
electrical winding of the motor of the pump device. The
heat portion is thermally coupled to the fluid such that
the heat portion is in thermal contact with the fluid to allow
heat transfer when the fluid level is above a predeter-
mined low level above a ground level, floor surface or
bottom surface of a space having fluid that needs to be
discharged, i.e. the fluid level needs to be above a certain
level such that the thermal coupling may be allowed be-
tween the heat portion and fluid. In another embodiment,
the predetermined low level may correspond to a fluid
level above which the pump device is adapted to dis-
charge fluid.

[0045] In the second step 2, a cooling rate value CRV
is calculated. The calculation includes calculating a tem-
perature time derivate using a backward difference nu-
merical method based on two temperature values meas-
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ured at different times. It is understood that a positive
value of the cooling rate corresponds to a decreasing
heat portion temperature. The two temperature values
are measured immediately sequentially after each other
in time. In other embodiments, two or more temperature
values may be used which may be measured immedi-
ately sequentially after each other in time or sequentially
in time with a predetermined time or predetermined
number of samples of temperature values in between the
at least two temperature values used in the comparison.
In yet other embodiments, the comparison may further-
more comprise a comparison of temperature values
measured at different, i.e. at least two, positions of the
heat portion. The temperature values may also be meas-
ured at different positions of the heat portion, temperature
values thereby reflecting the temperature of different por-
tions of the heat portion. Put differently, the step of cal-
culating a cooling rate value may include a comparison
between at least two temperature values measured at
different times and at least two temperature values meas-
ured at different positions of the heat portion. In other
embodiments, the cooling rate value is a heat transfer
coefficient. The heat transfer coefficient may be calcu-
lated from the following expression:

T(1)=Thuia-(T(0)-Thuia)"exp(-A*h/(m*Cp)*

, where T is the heat portion temperature,  is the cooling
time, Tgq is the fluid temperature, A, m and Cp are con-
stants, and h is the heat transfer coefficient.

[0046] The second step 2 further comprises perform-
ing a pumping operation analysis including a comparison
between the calculated cooling rate value CRV and a
reference cooling rate value ref. The reference cooling
rate value is selected to represent a specific cooling rate
of the heat portion corresponding to a fluid level rise of
said fluid cooling the heat portion. The reference cooling
rate value may be selected as an indication of a user
defined or predetermined fluid level at which the pump
deviceistodischargefluid, i.e. afluid level at which pump-
ing operation of the pump device is to be initiated. If the
cooling rate value is above the reference cooling rate
value, i.e. ifthe temperature of the heat portion decreases
faster than at a reference rate corresponding to the ref-
erence cooling rate value, the method proceeds to the
third step 3, otherwise back to the first step 1. Itis under-
stood that a positive value of the cooling rate corresponds
to a decreasing heat portion temperature.

[0047] Inthe third step 3, pumping operation is initiated
to discharge fluid. In other words, an electric current is
provided to the electrical winding of the motor driving the
pump device such that pumping operation is initiated.
[0048] Fig 2 is aflow chart describing another embod-
iment of the method of controlling a pump device. This
embodiment of the method is intended to control a pump
device, which could be of the submersible type, compris-
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ing a pump housing, a pump impeller and an electrical
motor having an electrical winding, where the electrical
motor is arranged for driving the pump impeller adapted
to discharge fluid.

[0049] In a first step 20, pumping operation is initiated
to discharge fluid. In other words, an electric current is
provided to the electrical winding of the motor driving the
pump device such that pumping operation is initiated.
[0050] In a second step 21, a temperature parameter
T reflecting the temperature of a heat portion is measured
or monitored. The second step 21 corresponds to the
first step 1 of the embodiment shown in fig1 and de-
scribed above.

[0051] In the third step 23, a reference temperature
value T, equalling the current heat portion temperature
T, is stored in a memory. The stored reference temper-
ature corresponds to the temperature of the heat portion
shortly after pumping operation has been initiated. The
reference temperature value T,,,, may be used as an
indication or approximation of the fluid temperature.
[0052] In a fourth step 24, a temperature parameter
reflecting the temperature of a heat portion is measured
or monitored. The fourth step 24 corresponds to the first
step 1 of the embodiment shown in fig1.

[0053] In afifth step 25, a temperature analysis is per-
formed including a comparison between the difference
between the temperature value T and a reference tem-
perature value T, and a reference difference value k.
If the difference between the temperature values is above
or equal to the reference difference value k, the method
proceeds to the sixth step 22, otherwise to the seventh
step 26. In other words, the present temperature value
of the heat portion is compared with a reference temper-
ature value and a reference difference value, wherein
the sum of the latter two preferably is selected to be at a
higher level than the fluid temperature, such that situa-
tions when the cooling rate may not be accurately calcu-
lated or calculated at all may be avoided or minimized.
In other embodiments, instead of performing the above
described temperature analysis, a time analysis is per-
formed in the fifth step 25 including comparing the time
which has elapsed since pumping operation was last in-
terrupted with a predetermined time interval to such that
the method proceeds to the sixth step 22 if less time than
to has elapsed and to the seventh step 26 otherwise. In
yet another embodiment, an alternative temperature
analysis is performed, wherein a heating cooling rate val-
ue is calculated and compared with a reference heating
cooling rate value. When the heating cooling rate value
is less than or equal to the reference heating cooling rate
value, the method proceeds to the sixth step 22, other-
wise to the seventh step 26. In other words, if the heat
portion is heated at a rate above a reference value, tem-
perature equilibrium is not yet achieved, and heating
should therefore proceed, i.e. the method should proceed
to the seventh step.

[0054] In the sixth step 22, a cooling rate value CRV
is calculated. The second step 2 further comprises per-
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forming a pumping operation analysis including a com-
parison between the calculated cooling rate value CRV
and a reference cooling rate value ref. The sixth step
corresponds to the second step 2 of the embodiment
shown in fig 1 and described above. If the cooling rate
value is above the reference cooling rate value, i.e. if the
temperature of the heat portion decreases faster than at
a reference rate corresponding to the reference cooling
rate value, the method proceeds to the first step 20, oth-
erwise back to the fourth step 24.

[0055] Intheseventhstep 26,the heatportionis heated
by means of feeding an electric current through an elec-
tric winding of the motor. The electric current is of a size
such that the pump impeller of the pump device rotates.
The heat portion is heated by means of heat losses in
the electric motor and heat transfer there between. In
other embodiments, the electric current may be of a size
such that the pump impeller does not rotate. In yet other
embodiments, the electric current may be of a type, for
example DC, such thatthe pumpimpeller does notrotate.
In yet other embodiments, the heat portion is heated by
a separate heating element which may be an electrical
heating element. In yet other embodiments, the heat por-
tion may be an electrically heated temperature sensor.
In yet other embodiments, the seventh step may be omit-
ted altogether, typically for example in environments
where the temperature of the surrounding is sufficiently
higher than that of the fluid temperature, the heat portion
may have the same temperature as the surrounding tem-
perature. In such a case, the heat portion requires no
active heating thereby passively ensuring a sufficientand
proper temperature difference. After the seventh step,
the method proceeds to the fourth step 24.

[0056] Fig 3 is a flow chart describing yet another em-
bodiment of the method of controlling a pump device.
This embodiment of the method is intended to control a
pump device, which could be of the submersible type,
comprising a pump housing, a pump impeller and an elec-
trical motor having an electrical winding, where the elec-
trical motor is arranged for driving the pump impeller
adapted to discharge fluid.

[0057] In afirst step 30, pumping operation is initiated
to discharge fluid. In other words, an electric current is
provided to the electrical winding of the motor driving the
pump device such that pumping operation is initiated.
[0058] In a second step 37, a motor load parameter
reflecting the load of the motor of the pump device is
measured or monitored (during pumping operation). The
load parameter includes a motor load value of the motor
load of the motor. The motor load value is a measure of
the supplied power to the motor. In the case of an electric
motor, this motor load value may for example be the co-
sine of the phase difference phi between the voltage and
the current over the electrical winding of the electric motor
of the pump device. A low value of the cosine of the phase
difference corresponds to a large phase difference be-
tween the current and voltage which may be an indication
of a low motor load. In other embodiments, the motor
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load value may be the electrical current through an elec-
trical winding of the electrical motor.

[0059] In the third step 38, a motor load analysis is
performed including a comparison between the motor
load value and a reference motor load value. The refer-
ence motor load value may represent a motor load value
at which the pump device is essentially not pumping any
liquid, i.e. running dry. If the motor load value is below
the reference motor load value, the method proceeds to
the fourth step 39, otherwise back to the second step 37.
It is understood that a low motor load value corresponds
to a low load of the motor, i.e. that little pumping work is
achieved.

[0060] In the fourth step 39, pumping operation is
stopped, where after the method proceeds to the fifth
step 34.

[0061] In the fifth step 34, a temperature parameter T
reflecting the temperature of a heat portion is measured
or monitored. The fifth step 34 corresponds to the first
step 1 of the embodiment shown in fig1 and described
above.

[0062] In the sixth step 32, a cooling rate value CRV
is calculated. The sixth step 32 further comprises per-
forming a pumping operation analysis including a com-
parison between the calculated cooling rate value CRV
and a reference cooling rate value ref. The sixth step
corresponds to the second step 2 of the embodiment
shown in fig 1 and described above. If the cooling rate
value is above the reference cooling rate value, i.e. if the
temperature of the heat portion decreases faster than at
a reference rate corresponding to the reference cooling
rate value, the method proceeds to the first step 30, oth-
erwise back to the fifth step 34.

[0063] Fig 4 is a flow chart describing yet another em-
bodiment of the method of controlling a pump device.
This embodiment of the method is intended to control a
pump device, which could be of the submersible type,
comprising a pump housing, a pump impellerand an elec-
trical motor having an electrical winding, where the elec-
trical motor is arranged for driving the pump impeller
adapted to discharge fluid.

[0064] In a first step 40, pumping operation is initiated
to discharge fluid. In other words, an electric current is
provided to the electrical winding of the motor driving the
pump device such that pumping operation is initiated.
[0065] In a second step 41, a temperature parameter
T reflecting the temperature of a heat portion is measured
or monitored. The second step 21 corresponds to the
first step 1 of the embodiment shown in fig1 and de-
scribed above.

[0066] In the third step 43, a reference temperature
value T, equalling the current heat portion temperature
T, is stored in a memory. The stored reference temper-
ature value corresponds to the temperature of the heat
portion shortly after pumping operation has been initiat-
ed. The reference temperature value T,,,, may be used
as anindication or approximation of the fluid temperature.
[0067] In a fourth step 47, a motor load parameter re-
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flecting the load of the motor of the pump device is meas-
ured or monitored (during pumping operation). The fourth
step corresponds to the second step 37 of the embodi-
ment shown in fig 3 and described above.

[0068] In a fifth step 48, a motor load analysis is per-
formed including a comparison between the motor load
value and a reference motor load value. The reference
motor load value may represent a motor load value at
which the pump device is essentially not pumping any
liquid, i.e. running dry. If the motor load value is below
the reference motor load value, the method proceeds to
the sixth step 44, otherwise back to the fourth step 47. It
is understood that a low motor load value corresponds
to a low load of the motor, i.e. that little pumping work is
achieved.

[0069] In a sixth step 44, a temperature parameter re-
flecting the temperature of a heat portion is measured or
monitored. The sixth step 44 corresponds to the second
step 41.

[0070] In a seventh step 45, a temperature analysis is
performed including a comparison between the differ-
ence between the temperature value T and a reference
temperature value T, and a reference difference value
k. If the difference between the temperature values is
above the reference difference value k, the method pro-
ceeds to the eighth step 49, otherwise to the ninth step
46. In other words, the present temperature value of the
heat portion is compared with a reference temperature
value and a reference difference value, wherein the sum
of the latter two preferably is selected to be at a higher
level than the fluid temperature, such that situations when
the cooling rate may not be accurately calculated or cal-
culated at allmay be avoided or minimized. The reference
difference value k may alternatively be a function, for
example an exponential, linear or polynomial function, of
the temperature value T and/or the reference tempera-
ture value Ty,. In other embodiments, instead of per-
forming the above described temperature analysis, a
time analysis is performed in the seventh step 45 includ-
ing comparing the time which has elapsed since pumping
operation was last interrupted with a predetermined time
interval to such that the method proceeds to the eighth
step 49 if less time than to has elapsed and to the ninth
step 46 otherwise. In yet other embodiments, an alter-
native temperature analysis is performed in the seventh
step 45, wherein a heating rate value (HRV) is calculated
as afunction of the temperature value T and the reference
temperature value T,,,, and the HRV is compared with
the reference difference value k which may be a constant
or a function, for example an exponential, linear or poly-
nomial function of the temperature value T and/or the
reference temperature value T,

[0071] In the eighth step 49, pumping operation is
stopped, where after the method proceeds to the tenth
step 410.

[0072] In the ninth step 46, the heat portion is heated
by means of feeding an electric current through an elec-
tric winding of the motor. The ninth step 46 corresponds
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to the seventh step 26 of the embodiment shown in fig 2
and described above.

[0073] In a tenth step 410, a temperature parameter
reflecting the temperature of a heat portion is measured
or monitored. The tenth step 410 corresponds to the sec-
ond step 41.

[0074] In the eleventh step 42, a cooling rate value
CRV is calculated. The eleventh step 42 further compris-
es performing a pumping operation analysis including a
comparison between the calculated cooling rate value
CRYV and a reference cooling rate value ref. The eleventh
step corresponds to the second step 2 of the embodiment
shown in fig 1 and described above. If the cooling rate
value is above the reference cooling rate value, i.e. if the
temperature of the heat portion decreases faster than at
a reference rate corresponding to the reference cooling
rate value, the method proceeds to the first step 40, oth-
erwise back to the tenth step 410.

[0075] Fig 5 is a flow chart describing yet another em-
bodiment of the method of controlling a pump device.
This embodiment of the method is intended to control a
pump device, which could be of the submersible type,
comprising a pump housing, a pump impellerand an elec-
trical motor having an electrical winding, where the elec-
trical motor is arranged for driving the pump impeller
adapted to discharge fluid.

[0076] In a first step 50, pumping operation is initiated
to discharge fluid. In other words, an electric current is
provided to the electrical winding of the motor driving the
pump device such that pumping operation is initiated.
[0077] In a second step 51, a temperature parameter
T reflecting the temperature of a heat portion is measured
or monitored. The second step 51 corresponds to the
first step 1 of the embodiment shown in fig1 and de-
scribed above.

[0078] In the third step 53, a reference temperature
value T, equalling the current heat portion temperature
T, is stored in a memory. The stored reference temper-
ature corresponds to the temperature of the heat portion
shortly after pumping operation has been initiated. The
reference temperature value T, may be used as an
indication or approximation of the fluid temperature.
[0079] In a fourth step 57, a motor load parameter re-
flecting the load of the motor of the pump device is meas-
ured or monitored (during pumping operation). The fourth
step corresponds to the second step 37 of the embodi-
ment shown in fig 3 and described above.

[0080] In a fifth step 58, a motor load analysis is per-
formed including a comparison between the motor load
value and a reference motor load value. The reference
motor load value may represent a motor load value at
which the pump device is essentially not pumping any
liquid, i.e. running dry. If the motor load value is below
the reference motor load value, the method proceeds to
the sixth step 511, otherwise back to the fourth step 57.
It is understood that a low motor load value corresponds
to a low load of the motor, i.e. that little pumping work is
achieved.
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[0081] In a sixth step 511, a temperature value T,
equalling the currentheat portion temperature T, is stored
in a memory.

[0082] In a seventh step 54, a temperature parameter
reflecting the temperature of a heat portion is measured
or monitored. The seventh step 54 corresponds to the
second step 51.

[0083] In an eighth step 55, a temperature analysis is
performed including a comparison between the differ-
ence between the temperature value T and a reference
temperature value T, and a reference difference value
k. If the difference between the temperature values is
above the reference difference value k, the method pro-
ceeds to the ninth step 59, otherwise to the tenth step
512. In other words, the present temperature value of the
heat portion is compared with a reference temperature
value and a reference difference value, wherein the sum
of the latter two preferably is selected to be at a higher
level than the fluid temperature, such that situations when
the cooling rate may not be accurately calculated or cal-
culated at allmay be avoided or minimized. The reference
difference value k may alternatively be a function, for
example an exponential, linear or polynomial function, of
the temperature value T and/or the reference tempera-
ture value Ty,. In other embodiments, instead of per-
forming the above described temperature analysis, a
time analysis is performed in the eighth step 55 including
comparing the time which has elapsed since pumping
operation was last interrupted with a predetermined time
interval to such that the method proceeds to the ninth
step 59 if less time than to has elapsed and to the tenth
step 512 otherwise. In yet other embodiments, an alter-
native temperature analysis is performed in the eighth
step 55, wherein a heating rate value (HRV) is calculated
as afunction of the temperature value T and the reference
temperature value T,,,, and the HRV is compared with
the reference difference value k which may be a constant
or a function as described above.

[0084] In the ninth step 59, pumping operation is
stopped, where after the method proceeds to the twelfth
step 513.

[0085] Inthe tenth step 512, a temperature analysis is
performed including a comparison between the differ-
ence between the temperature value T and the temper-
ature value Ty, and a reference difference value m. If
the difference between the temperature values is above
or equal to the reference difference value m, the method
proceeds to the eleventh step 56, otherwise to the ninth
step 59. In other words, the present temperature value
of the heat portion is compared with a previous temper-
ature value (which has been stored in a memory). If the
difference is less than a reference difference value m,
the temperature is changing at a slow rate and it is there-
fore not meaningful to proceed to the heating step 56.
Thus, the method proceeds to stop pumping operation
instead. The reference difference value m may alterna-
tively be a function, for example an exponential, linear or
polynomial function, of the temperature value T and/or



19 EP 2 604 861 A2 20

the temperature value T, . In other embodiments, an
alternative temperature analysis is performed in the tenth
step 512, wherein a heating rate value (HRV) is calcu-
lated as a function of the temperature value T and the
temperature value T,,, and the HRV is compared with
the reference difference value m which may be a constant
or a function as described above.

[0086] Inthe eleventh step 56, the heat portion is heat-
ed by means of feeding an electric current through an
electric winding of the motor. The eleventh step 56 cor-
responds to the seventh step 26 of the embodiment
shown in fig 2 and described above.

[0087] In the twelfth step 513, the method waits a pre-
determined time interval before proceeding to the thir-
teenth step 510. This wait step is performed to allow the
temperature to stabilize after pumping operation has
seized, thereby achieving a more predictable pumping
operation analysis in the fourteenth step.

[0088] Inthe thirteenth step 510, atemperature param-
eter reflecting the temperature of a heat portion is meas-
ured or monitored. The thirteenth step 510 corresponds
to the second step 51.

[0089] In the fourteenth step 52, a cooling rate value
CRV is calculated. The fourteenth step 52 further com-
prises performing a pumping operation analysis including
a comparison between the calculated cooling rate value
CRYV and a reference cooling rate value ref. The four-
teenth step corresponds to the second step 2 of the em-
bodiment shown in fig 1 and described above. If the cool-
ing rate value is above the reference cooling rate value,
i.e. if the temperature of the heat portion decreases faster
than at a reference rate corresponding to the reference
cooling rate value, the method proceeds back to the first
step 50, otherwise to the fifteenth step 514.

[0090] In the fifteenth step 514, a temperature analysis
is performed including a comparison between the differ-
ence between the temperature value T and a reference
temperature value T, and a reference difference value
k. If the difference between the temperature values is
above the reference difference value k, the method pro-
ceeds back to the thirteenth step 510, otherwise to the
first step 50. In other words, the present temperature val-
ue of the heat portion is compared with a reference tem-
perature value and a reference difference value, wherein
the sum of the latter two preferably is selected to be at a
higher level than the fluid temperature, such that situa-
tions when the cooling rate may not be accurately calcu-
lated or calculated at all may be avoided or minimized.
In other embodiments, instead of performing the above
described temperature analysis, a time analysis is per-
formed in the fifteenth step 514 including comparing the
time which has elapsed since pumping operation was
last stopped with a predetermined time interval to such
that the method proceeds to the thirteenth step 510 if
less time than to has elapsed and to the first step 50
otherwise.

[0091] Fig 6 is a flow chart describing yet another em-
bodiment of the method of controlling a pump device.
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This embodiment of the method is intended to control a
pump device, which could be of the submersible type,
comprising a pump housing, a pump impeller and an elec-
trical motor having an electrical winding, where the elec-
trical motor is arranged for driving the pump impeller
adapted to discharge fluid.

The embodiment shown in fig 6 is similar to the embod-
iment in fig 5, except for two details. Firstly, a sixteenth
step 517 is included, where a temperature value T,
equalling the currentheat portion temperature T, is stored
in a memory. Secondly, the fifteenth step 516 comprises
performing a temperature analysis including a compari-
son between the difference between the temperature val-
ue T and the temperature value T, and a reference
difference value m. If the difference between the temper-
ature values is above or equal to the reference difference
value m, the method proceeds to the thirteenth step 510,
otherwise back to the first step 50. In other words, the
present temperature value of the heat portion is com-
pared with a previous temperature value (which has been
stored in a memory). If the difference is less than a ref-
erence difference value m, the temperature is changing
at a slow rate and the method therefore proceeds to stop
pumping operation instead. The reference difference val-
ue m may alternatively be a function, for example an ex-
ponential, linear or polynomial function, of the tempera-
ture value T and/or the temperature value T, In other
embodiments, an alternative temperature analysisis per-
formed in the fifteenth step 516, wherein a heating rate
value (HRV) s calculated as a function of the temperature
value T and the temperature value Ty, and the HRV is
compared with the reference difference value m which
may be a constant or a function as described above.
[0092] Fig7isanillustration of a conventional pumping
cycle. At time t=0, the pumping operation is started. The
water level starts to decrease at a linear rate and the
temperature of the heat portion increases and approach-
es an equilibrium value of approximately 30 degrees. At
time t=0,052, the pump starts snoring, i.e. the water has
reached alevel where the pump is running without water.
Due to a lack of water cooling the pump, the temperature
of the heat portion starts toincrease. At t=0,068, pumping
operating stops because the temperature of the heat por-
tion has reached an upper limit of 50 degrees. At approx-
imately the same time, the water level starts to increase
at a linear rate. When the water has reached a level of
0,30, pumping operation is started again.

[0093] Fig 8 shows the cooling gradient as a function
of normalized heat portion temperature for three illustra-
tive examples. The figure also shows an example of a
reference cooling rate value function (ref stop condition).
The first curve is an example of a fast cooling process,
i.e. when the fluid level rises rapidly and/or the fluid tem-
perature is low. When the normalized heat portion tem-
perature has reached 0.92, the gradient crosses the ref-
erence cooling rate value curve, and pumping operation
may consequently be started. The second curve is an
example of a slow cooling process, i.e. when the fluid
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level rises slowly and/or the fluid temperature is relatively
high. When the normalized heat portion temperature has
reached 0.75, the gradient crosses the reference cooling
rate value curve, and pumping operation may conse-
quently be started. The third curve is an example of a
cooling process involving air only, i.e. when pump device
is dry or when there is no thermal contact between the
heat portion and the fluid. When the normalized heat por-
tion temperature has reached 0.46, the gradient crosses
the reference cooling rate value curve, and pumping op-
eration may consequently be started. It is noted that the
normalized temperature when pumping operation is to
be started varies greatly with the speed of the cooling
process.

[0094] Fig 9 shows the normalized heat portion tem-
perature and the fluid level as a function of time for the
same examples illustrated in fig 8. In the example of a
fast cooling process, pumping operation is started at a
fluid level of approximately 0.25, and in the example of
the slow cooling process, pumping operation is started
at a fluid level of approximately 0.2. The measurement
results thus shows that the pump device may be started
at fairly consistent fluid levels using a method according
to an embodiment of the invention even though no fluid
level sensor is used. It is also understood from these
examples that cooling rate is much more strongly corre-
lated to the fluid level than the normalized heat portion
temperature. Based on measurement data such as illus-
trated here, the reference cooling rate value function (as
illustrated in fig 8) may be optimized to achieve a low
dispersion of the fluid level when pumping operation is
to be started. In the example of an air-cooled process,
the fluid level is low to begin with, and the fluid level at
start of pumping operation (not shown in the figure) is
therefore not comparable with the other two examples.

[0095] Fig 10 is a cross section view of an illustration
of a submersible pump device 101 according to the sec-
ond aspect of the present invention. The pump device
101 has an essentially cylindrical shape and is arranged
to be vertically aligned in the fluid in which it is submers-
ible. The pump device 101 has an upper pump housing
portion 106 and a lower pump housing portion 105. A
lower portion of the lower pump housing portion has a
perforated outer envelope surface to allow fluid commu-
nication between the inlet channels 107 and the fluid sur-
rounding the pump device. Inside the lower pump hous-
ing portion 105, a pump impeller 108 is arranged. The
pump impeller is coupled to the electrical motor to allow
transfer of rotational force there between. On the upper
part of the upper pump housing portion 106, a fluid output
connection flange 107 is arranged, extending radially
from the essentially cylindrical pump housing. The fluid
output connection means 107 is fluidically coupled to the
interior of the lower pump housing portion 105 via chan-
nels in the upper pump housing portion 106 such that
fluid may be pumped from surroundings of the pump de-
vice, through the perforated outer envelope surface of
the lower pump housing portion 105, up through the pump
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housing and out from the pump device via the output
connection flange. An electrical connection 104 is ar-
ranged on the upper surface of the upper pump housing
portion 106. The electrical connection is adapted to be
coupled to a control unit. The electrical connection also
includes wiring to provide an electrical connection be-
tween the controller and a temperature sensor which is
arranged in the interior of the pump housing. The control
unit which is used to control the pump device typically
comprises one or more microprocessors or some other
device with computing capabilities, e.g. a microcontroller
unit (MCU), a digital signal processor (DSP), an applica-
tion specific integrated circuit (ASIC), a field programma-
ble gate array (FPGA), a complex programmable logic
device (CPLD), etc, while executing appropriate down-
loadable software stored in a suitable storage area, such
as a RAM, a Flash memory or a hard disk. This controller
receives signals from the sensors and processes these
signals to obtain a control signal to the pump or pump
device. The temperature sensor is arranged in thermal
contact with the electrical winding 102 of the electrical
motor. The electrical winding 102 is partially surrounded
by a stator 103. The motor is arranged inside the pump
housing at a height from the bottom of the pump device
such that the electrical winding is in thermal contact with
the fluid (to allow heat transfer there between) when the
fluid level is at such a level that it is desirable to start the
pump device to discharge fluid. The controller also com-
prises means for monitoring the motor load by means of
measuring the electrical current and voltage over the mo-
tor via the electrical connection 104 such that pumping
can be interrupted when the motor load is below a refer-
ence value indicating that the fluid level is at such a low
level that the pump device is essentially running dry.
[0096] Although exemplary embodiments of the
present invention have been shown and described, it will
be apparent to the person skilled in the art that a number
of changes and modifications, or alterations of the inven-
tion as described herein may be made. Thus, it is to be
understood that the above description of the invention
and the accompanying drawing is to be regarded as a
non-limiting example thereof and that the scope of the
invention is defined in the appended patent claims.

Claims

1. A method of controlling a pump device for discharg-
ing fluid, said method comprising the steps of:

- providing a heat portion adapted to be thermal-
ly coupled to said fluid to allow heat transfer
there between when the fluid is at or above a
certain level;

- monitoring a temperature parameter reflecting
a temperature of said heat portion, said temper-
ature parameter including a temperature value
of the temperature of said heat portion,
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- calculating a cooling rate value (CRV), said
calculation including a comparison between at
least two temperature values measured at dif-
ferent times, with said at least two temperature
values being for example mean temperature val-
ues,

- performing a pumping operation analysis in-
cluding a comparison between a present cooling
rate value (CRV) and a reference cooling rate
value (ref), said reference cooling rate value rep-
resenting a specific cooling rate of said heat por-
tion; and

- initiating pumping operation to discharge said
fluid if said cooling rate value is equal to or ex-
ceeds said reference cooling rate value.

The method according to claim 1, said method fur-
ther comprising a step of heating said heat portion
to a certain temperature or temperature difference
above the temperature of said fluid, or of heating
said heat portion if a difference between said tem-
perature value and a reference temperature value
(T\ow) is equal to or below a reference difference val-
ue (k).

The method according to claim 2, said method fur-
ther comprising a step of repeating said step of heat-
ing said heat portion if pumping operation has not
beeninitiated after a predetermined time interval (to).

The method according to any one of the claims 2 or
3, wherein said step of heating said heat portion com-
prises heating said heat portion by a motor adapted
to drive said pump device, said motor being thermally
coupled to said heat portion, or said heat portion be-
ing a portion of said motor, wherein said motor is in
particular an electrical motor, with the heat portion
being an electrical winding of the electric motor.

The method according to any one of the preceding
claims, said method further comprising a step of
monitoring at least one motor load parameter reflect-
ing the load of a motor being arranged for driving
said pump device, said load parameter including an
motor load value of the motor load of said motor,
wherein said motoris in particular an electrical motor,
with said motor load value being based on the cosine
of the phase difference (phi) between the voltage
and the current over an electrical winding of the elec-
tric motor.

The method according to claim 5, said method fur-
ther comprising the step of interrupting said pumping
operation if said motor load value is below a refer-
ence motor load value;

The method according to any one of claims 2 to 6,
wherein said method further comprises the steps of:
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- monitoring a fluid temperature parameter re-
flecting the temperature of said fluid, said fluid
temperature parameter including a fluid temper-
ature value of the temperature of said fluid; and
- adapting at least one of the following parame-
ters in relation to said fluid temperature value:
said reference temperature value (T, ), said
reference difference value (k), said reference
cooling rate value (ref).

The method according to any one of the preceding
claims, wherein said cooling rate value is a time deri-
vate of said temperature of said heat portion, or
wherein said cooling rate value is a heat transfer
coefficient of said heat portion.

The method according to any one of the preceding
claims, wherein said reference cooling rate value is
a function of the heat portion temperature or a func-
tion of a normalized heat portion temperature, with
said function being for example an exponential func-
tion.

A control device for controlling a pump device for
discharging fluid, said device comprising

a heat portion adapted to be thermally coupled to
said fluid when the fluid is at or above a certain level,;
a first temperature sensor for monitoring a temper-
ature of said heat portion, said first temperature sen-
sor being adapted to provide a temperature sensor
signal representing the temperature of the heat por-
tion; and

a controller adapted to apply a control signal to a
connectable pump device, said controller being fur-
ther adapted to

calculate a cooling rate value (CRV) based on at
least two temperature values measured at different
times from the first temperature sensor signal at dif-
ferent times, with said at least two temperature val-
ues being for example mean temperature values,
perform a pumping operation analysis including a
comparison between a present cooling rate value
(CRV) and a reference cooling rate value (ref), said
reference cooling rate value representing a specific
cooling rate of said heat portion; and to

apply a control signal to a connectable pump device
to initiate pumping operation to discharge said fluid
if said cooling rate value is equal to or exceeds said
reference cooling rate value.

The control device according to claim 10, wherein
said controller is further adapted to apply a control
signal to heating means adapted to heat said heat
portion to a certain temperature or temperature dif-
ference above the temperature of said fluid resulting
in a temperature difference between said heat por-
tion and said fluid, or wherein said controlleris further
adapted to apply a control signal to the heating
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means to heat said heat portion if a difference be-
tween said temperature value and a reference tem-
perature value (T,,,) is equal to or below a reference
difference value (k).

The control device according to claim 11, wherein
said controller is further adapted to resume heating
said heat portion if pumping operation has not been
initiated after a predetermined time interval (to).

The control device according to any one of the claims
11 or 12, wherein the heating means comprises a
motor adapted to be thermally coupled to said heat
portion such that heat may be transferred to the heat
portion during operation of the motor, or wherein said
heat portion is a portion of a motor connectable to
the control device, wherein said motor is in particular
an electrical motor, with said heat portion being in
particular at least a portion of an electrical winding
of the electric motor.

The control device according to any one of the claims
10 to 13, wherein said control device comprises
means for monitoring a motor load of a motor con-
nectable to the control device, said motor being
adapted to drive said pump device, and wherein said
means for monitoring the motor load is adapted to
provide a motor load signal representing said motor
load, wherein said motor is in particular an electrical
motor, with said motor load value being based on
the cosine of the phase difference (phi) between the
voltage and the current over an electrical winding of
the electric motor.

The control device according to claim 14, wherein
said controller is further adapted to apply a control
signal to said pump device to interrupt pumping op-
eration if a motor load value from the motor load sig-
nal is below a reference motor load value;

The control device according to any one of the claims
11 to 15, wherein said device further comprises a
second temperature sensor for monitoring a temper-
ature of said fluid, said second temperature sensor
being adapted to provide a second temperature sen-
sor signal representing said fluid temperature ; and
wherein said controller is further adapted to adapt at
least one of the following parameters in relation to a
fluid temperature value from the second temperature
sensor signal:

said reference temperature value (T,),
said reference difference value (k), and
said reference cooling rate value (ref).

The control device according to any one of the claims
10 to 16, wherein said pump device is a submersible

pump.
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A pump system comprising a pump device and a
control device according to any one of the claims 10
to 17.

The pump system according to claim 18, wherein
said control device is integral with said pump device,
or said control device is removably connected with
said pump device.
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