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Method and device for determining an operating point of a work machine

The invention relates to a method for determining an operating point of a work
machine and/or of an asynchronous motor driving the latter, a power input of the work
machine and/or its delivery rate characterizing an operating point, one or more
operating point-dependent measurement variables of the work machine being detected
by one or more sensors, and the measurement values being evaluated and/or stored
while the work machine is in operation. The invention relates, further, to a method for
monitoring an operating point. The invention relates, furthermore, to a device for

carrying out the method.

In order to ensure that a work machine operates reliably and efficiently, its operating

point must be known.

When a pump arrangement, in particular a centrifugal pump arrangement, composed of
a pump and of an asynchronous machine driving the latter, is in operation, evidence of
its operating point is often required. The operating point of a working turbomachine, in
particular a centrifugal pump, on its delivery flow/delivery head characteristic curve or
Q-H characteristic curve, is characterized in particular by its delivery flow, also
hereafter called the delivery rate. There are various possibilities for determining this. It
can be determined by measuring the delivery flow or by pressure measurement. In the
latter case, the difference in pressure between the delivery side and suction side of the
pump is usually measured. The delivery head is estimated as the quotient of the
pressure difference, density and gravitational acceleration. In the case of water as a
delivery fluid, a pressure difference of 1 bar corresponds to a delivery head of
approximately 10 meters. Furthermore, an operating point of a centrifugal pump is
determined by electrical measurement, the motor power output being calculated from

current and voltage measurements, taking into account the efficiency of the motor.

Direct measurement of the delivery rate usually requires magnetoinductive flowmeters.
Indirect determination of the delivery rate arithmetically presents additional

difficulties. If, for example, a delivery rate is derived from the values of a delivery
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flow/delivery head characteristic curve, a Q-H characteristic curve, in which the
delivery head H is plotted against the delivery flow, or of a delivery flow/power
characteristic curve, a Q-P characteristic curve, in which the power P is plotted against
the delivery flow Q, this is difficult or even impossible in those situations where there
is a flat or a discontinuously rising Q-H characteristic curve or Q-P characteristic
curve. Ifthe delivery rate is to be determined by means of measured pressures from the
Q-H characteristic curve of a centrifugal pump, the Q-H characteristic curve must be
unequivocal, that is to say a Q value must be assignable exactly to each H value. This
condition is often not fulfilled in practice. Q-H characteristic curves are either too flat
or even ambiguous. The same problem also arises when the delivery flow Q is to be
determined by means of a measured power input from the delivery flow/power
characteristic curve, the Q-P characteristic curve. The profile of the Q-P characteristic

curve is also often flat or even ambiguous.

A combination of the above methods is known from WO 2005/064167 Al. This entails
a considerable outlay in measurement terms, since both the differential pressure of the

pump and electrical power have to be measured.

Measuring the electrical power input of a motor/pump assembly entails a certain
amount of outlay in practice. Active power measurement takes place in a switch
cabinet, takes up space there, particularly for measuring the motor current by means of
current transformers, and necessitates an outlay in assembly terms which has to be

performed by specialized electricians.

An arrangement and a method for determining the power and/or torque of induction
motors are described in DD 258 467 Al. A proximity switch is arranged on the rotor of
an induction motor for the purpose of detecting one or more pulses per revolution of
the motor shaft, and a pulse shaper stage for detecting the synchronous rotational speed
from the line frequency is connected between the network and a microcomputer. In
addition, the arrangement has a device for detecting the temperature of the motor and a
microcomputer in which all the measurement data are acquired and evaluated for the

purpose of regulating the further process sequence. The power and/or torque of the
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induction motor are/is determined from the time of one or more periods of the motor
rotational speed and one or more periods of the synchronous rotational speed. The
power and/or torque of the induction motor are/is determined by counting the pulses of
the motor shaft within what is known as a gate time which is fixed by one or more
periods of the synchronous rotational speed. The "Kloss equation” is used for
determining the power and/or torque. The method requires a plurality of input
variables, one of which is also the synchronous rotational speed which is determined
from electrical measurement variables. In addition, the results have to be corrected as a
function of the operating temperature of the motor, thus making it necessary to
determine and store required correction factors per motor type by measurement
beforehand. This arrangement has a complicated configuration. This method has
proved to be unsuitable in industrial practice. It is a particular disadvantage, even when
the active power input of an asynchronous motor is measured conventionally by active
power meters and current transformers, that it is absolutely necessary that such an

arrangement is installed by specialized electricians.

DE 10 2006 049 440 A1 discloses a method for detecting an operating state of a pump,
in particular of a centrifugal or positive displacement pump, in a pump plant. The
method and its device serve for detecting a faulty operating state of a pump, pump
plant and hydraulic plant, as compared with a stored normal state. A pressure sensor
detects the pressure time profile in the delivery medium. A calculated characteristic
value characterizes the pulsation of the pressure and/or flow profile in a calculation
time interval. By the calculated characteristic value being compared with at least one
stipulated characteristic value or with a characteristic value range delimited by this, the
stipulated characteristic value or the characteristic value range delimited by this
corresponding to a relevant operating state of the pump, the operating state is
determined and output. In the case of a diagnostic appliance with a connected pressure
sensor and with an additional oscillation sensor, the rotational speed of the pump is
determined from the pressure sensor signal and is supplied to the oscillation sensor.
The reasons for this are not disclosed. Neither the rotational speed information nor any

other variables give evidence of the operating point on a Q-H or Q-P characteristic
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curve and/or the power input at which the pump is operated. Only deviations from

predetermined and stored reference values are indicated by this method.

DE 196 18 462 A1 discloses a further method and a device for determining an extrinsic
power parameter of an energy-converting device, such as the volume or mass
throughflow through a motor-driven centrifugal pump, in which an operating state-

dependent intrinsic variable is determined continuously.

The object on which the invention is based is to make available a method and a device
by means of which a less complicated, reliable determination and, where appropriate,
monitoring of the current operating point of a work machine and/or of an asynchronous

motor driving the latter are possible.

This object is achieved, according to the invention, in that the operating point is
determined without the use of electrical measurement variables of the driving
asynchronous motor, and in that a frequency linearly proportional to the rotational
sound of the work machine is determined from a mechanical measurement variable,
namely pressure, differential pressure, force, vibration, solid-borne noise or airborne
noise, by means of signal analysis, in particular frequency analysis, the rotational
speed of the drive machine being determined from this, and the operating point being
determined from the slip-induced rotational speed/torque dependence of the

asynchronous motor.

According to the invention, the operating point is determined without the use of
electrical measurement variables. Instead, a frequency linearly proportional to the
rotational sound of the work machine, in particular the rotational sound frequency of
the work machine, is determined from the signal profile of a measured mechanical
measurement variable. Rotational sound frequency is referred to hereafter for the sake
of simplicity. This is obtained from the product of the rotational speed and a number of
oscillation-exciting structures of an oscillating or rotating component, in particular the
number of blades of a pump impeller. The rotational speed of the drive machine is

determined from this, and the power input of the work machine, also called the shaft
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output hereafter, and/or its delivery rate are/is determined with the aid of stored data.
Suitable mechanical measurement variables are pressure, in particular the pressure on
the delivery side of a centrifugal pump, differential pressure, in particular the
differential pressure between the suction side and delivery side of a centrifugal pump,
force, vibration, solid-borne noise or airborne noise, in particular of or caused by a
centrifugal pump, or the like. The operating point of the work machine can be
determined from a single non-electrical measurement variable. By electrical
measurement variables being dispensed with, the method according to the invention
for determining an operating point is comparatively cost-effective and can be carried

out at the simplest possible outlay in installation terms.

In a refinement of the invention, the power input of the work machine is determined by

means of the following steps:

- determination of the rotational speed/torque characteristic curve of the motor,
in particular by means of stipulated motor parameters, namely design power
and design rotational speed, if appropriate synchronous rotational speed, pull-
out torque, pull-out rotational speed or pull-out slip.

- determination of the power input or torque of the motor from the determined
drive rotational speed and rotational speed/torque characteristic curve of the

motor.

Requisite parameters for determining the rotational speed/torque characteristic curve of
the motor are derived from the rating plate data of an asynchronous motor, for example
the design or nominal torque My is obtained from the quotient of the design power of

the asynchronous motor P,y and nominal rotational speed ny as:
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If the pull-out torque Mg and/or pull-out slip sk of the asynchronous motor are/is
known, the rotational speed/torque characteristic curve, n-M characteristic curve, of

the asynchronous motor is mapped by means of the Kloss equation

10

the profile of the n-M characteristic curve is obtained as
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Alternatively, in the operating range of the work machine, the rotational speed/torque
20  characteristic curve of the asynchronous motor may be approximated as a straight line

through the points (My; nx), given by the nominal torque My at the nominal rotational
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speed ny, and (M = 0; ng), given by the torque M equal to zero in the case of a
synchronous rotational speed ng. This then results in the following approximated or
simplified rotational speed/torque characteristic curve, n-M characteristic curve, of the

asynchronous motor, the profile of which is described by the following formula:

=y

=My

(€)

The power input of the work machine is determined from the previously determined
drive rotational speed, also called the shaft rotational speed hereafter, and from the
rotational speed/torque characteristic curve, the n-M characteristic curve, of the motor.
This relation of the shaft output P, to the torque M and rotational speed n is given by

the equation

Po=w-M=27-nM
{7)

According to the invention, the operating point of a work machine, in particular a
pump, characterized by its power input, is determined. This takes place by means of

existing sensors arranged on a pump.

An advantageous refinement provides, in the case of a pump, in particular a centrifugal
pump, as a work machine, for determining its delivery rate from its drive rotational
speed. The rotational sound frequency is determined from the signal profile from a
non-electrical measurement variable by means of signal analysis, in particular
frequency analysis, for example Fast Fourier Transformation (FFT) or autocorrelation.
The drive rotational speed is determined from this. In the example of a centrifugal
pump as a work machine, the rotational speed is obtained as the quotient of the

rotational sound frequency fp and number of blades z of the impeller:
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(8)

The shaft output and/or delivery rate can be determined from the rotational speed by
means of the rotational speed/torque dependence. Measurement of electrical variables
is dispensed with, with the result that the outlay for carrying out operating point
determination is reduced considerably, as compared with conventional operating point
determination based on electrical active power measurement. Likewise, as compared
with direct measurement of the delivery rate, for example by means of ultrasonic
throughflow measurement technology or magnetoinductive throughflow measurement
technology, there is a considerable cost benefit, since the mechanical measurement
variables used, namely pressure, differential pressure, force, vibration, solid-borne

noise or airborne noise, are detected and processed in a more favorable way.

It has proved to be expedient that the delivery rate of the pump is determined from the
power input or shaft output determined from the drive rotational speed. First, as
described above, the shaft output of the pump is determined according to formula (7)
from the drive rotational speed or shaft rotational speed with the aid of the known n-M
characteristic curve or an n-P characteristic curve derivable from this. In a subsequent
step, the delivery rate Q of the pump is determined from the shaft output by means of a

stored Q-P characteristic curve.

The delivery rate of the pump can be determined from parameters of the motor, which
describe a rotational speed/torque characteristic curve of the motor, and also from
parameters of the pump, which describe a delivery flow/power characteristic curve,
and from the drive rotational speed. A Q-P characteristic curve can be described, for
example, in the form of a parameter table with a plurality of support points ( ; to ;).
During the determination of an operating point, the method uses such a prestored table

in order to determine the delivery rate from the shaft output:

Delivery rate Q Q: Q: Qs Qi
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Shaft output P2 P271 P272 P273 . P27i

The table may additionally contain support points for the respective rotational speed,
whereby it becomes possible to determine the delivery flow directly from the

determined rotational speed.

Particularly in ambiguous regions of the Q-P characteristic curve, the delivery head or
differential pressure may additionally be used for determining the delivery rate of the
pump for the purpose of a further improvement in the method. Moreover, to determine
the operating point, both the Q-P characteristic curve and the Q-H characteristic curve

can be taken into account. For this purpose, for example, quotient values P,/H can be

stored:

Delivery rate Q Q: Q2 Qs ... Q;

Shaft output P2 P271 P272 P273 . P27i
Delivery head H H, H, H 3 e H;

Quotient Pz/ H P271/ Hﬁ] P272/ Hﬁz P272/ Hﬁz . P27i/ H,i

There is likewise provision for determining the delivery rate of the centrifugal pump
from a characteristic curve which represents the load-dependent rotational speed
change against the delivery rate of the pump. Such a rotational speed/delivery flow
characteristic curve can be calculated from a rotational speed/torque characteristic

curve of the motor in conjunction with a delivery flow/power characteristic curve.

Delivery rate Q Qi1 Q2 Q3 . Qi
Shaft output P2 P271 P272 P273 cee P27i
Rotational speedn  n; n, ns e n;

Alternatively, even without knowing the Q-P and Q-H characteristic curves, a
characteristic curve for determining the delivery rate can be determined from the load-

dependent rotational speed change. For this purpose, the respective operating rotational
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speed can be determined and stored in a test run of the pump, which takes place, for
example, during commissioning, at a plurality of operating points with a known
delivery rate, including, for example, Qo, that is to say a delivery flow equal to zero,
and Qmax, that is to say the maximum permissible delivery flow. This results in the

parameter table presented in general hereafter:

Delivery rate Q Q1 Q2 Qs Qi

Rotational speedn  n; n; n 3 n;

Alternatively, it is possible that rotational speeds are determined and stored by
"learning" during the regular operation of the pump. Thus, in a centrifugal pump with a
Q-P characteristic curve in which P rises strictly monotonically in proportion to Q, as,
for example, in most pumps with a radial wheel, the highest rotational speed occurring
is assigned to the lowest power input occurring and to the smallest delivery flow, if
appropriate with the valve closed, that is to say a zero delivery flow. If the rotational
speed decreases again during operation, a risen delivery flow is inferred from this.
Thus, over the operating period of a centrifugal pump, an operating range within the
limits of (Qmins Nmax') and (Qmax's Nmin') Which occur in the investigated operating
period is learnt, without concrete values for Q being measured or determined for this
purpose. The learnt limit values are used for classifying the in each case current
delivery flow of the centrifugal pump between the minimum delivery flow Qmin' and
the maximum delivery flow Qmax' which have occurred during the investigated

operating period.

According to this refinement, the rotational speed/torque dependence of the
asynchronous motor is also employed. The invention in this case makes use of the
knowledge that this brings about an evaluatable rotational speed change over the
delivery flow range. By means of such a characteristic curve, which is usually not
documented for a pump, the delivery rate of the centrifugal pump can be determined

directly from the rotational speed.
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A method is especially reliable, according to which the drive rotational speed or shaft
rotational speed is determined from measurement values of one or more pressure
sensors for the purpose of determining the operating point of the pump, in particular
the centrifugal pump. It is expedient in this case that the pressure sensors are suitable
for the dynamic measurement of pressures, in particular of pulsating pressures. The
operating point of the pump, in particular a centrifugal pump, which is characterized
by the shaft output and/or delivery rate is therefore determined solely from
measurement values of one or more pressure sensors. One or more pressure Sensors are
employed on a centrifugal pump in order to detect the suction and/or ultimate pressure
of a centrifugal pump. Pressure sensors, although provided for measuring static
pressures, are also most suitable for the dynamic measurement of pressures. Tests have
shown that standard pressure sensors detect pressures dynamically, and undamped, up
to a frequency range of approximately 1 kHz. Such pressure sensors are capable of
detecting pulsating pressures occurring within a centrifugal pump. The method
according to the invention achieves sufficient accuracy for many applications when
only one pressure sensor is used on the delivery side of the pump. In addition, a
pressure sensor may be provided on the suction side of the pump. There is likewise
provision for evaluating a pump differential pressure between the delivery side and
suction side of the pump, obtainable by means of a differential pressure sensor. By
virtue of the method according to the invention, the operating point can be determined
cost-effectively, without the use of additional sensors, solely from one or more

pressure sensor signals.

In another refinement, the drive rotational speed is determined from measurement
values of one or more solid-borne noise and/or airborne noise sensors for the purpose
of determining the operating point of the work machine and/or of the asynchronous
motor driving the latter. In this case, the solid-borne noise and/or airborne noise
sensors may be arranged on the work machine and/or on the asynchronous motor
driving the latter. The sensors may also be arranged in the surroundings of the work
machine. In any event, a frequency which is linearly proportional to the rotational
sound of the work machine and from which the rotational speed of the work machine is

determined is detected from signals of the sensors which detect mechanical
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measurement variables. And the operating point is determined from this, using the

rotational speed/torque dependence of the asynchronous motor.

According to the invention, a determined operating point can be monitored as to
whether it is inside or outside a stipulated permissible range. A faulty operating state,
in particular overload or underload, of the work machine and/or of the asynchronous
motor is detected on the basis of an operating point which is located outside a
stipulated range. By the power input of a centrifugal pump being monitored or
evaluated, for example, operation under partial load or optimum operation can be
inferred. If solid-borne noise or airborne noise is used as a measurement variable, dry
running of the centrifugal pump can also be detected. Tests have shown that the
detection according to the invention of an overload of an asynchronous motor
functions reliably and robustly. If the power input is increased, as compared with a
documented and parameterized power input, an overload of the pump or motor can be
inferred. Admittedly, a supply-side undervoltage may also be cause of an allegedly
increased power input, thus leading to increased slip. In such a case, the diagnosis of
an overload for the assembly composed of the pump and motor is nevertheless correct,
since, in the case of undervoltage and therefore increased slip, the current consumption
of the motor is increased. This influence is significant when the line voltage lies
outside the tolerances and, for example, lies more than 10% below the nominal
voltage. In such a case, at a nominal rotational speed n = ny, a nominal power P, = P,y
will be inferred, even though the actual power input lies below the nominal power. If
the rotational speed falls any further, that is to say n < nx, overloading of the pump or
motor is inferred, this being correct, since the current-proportional losses, in particular
the rotor losses from the asynchronous motor, rise, thus contributing to the excessive

heating of the motor.

In a device for determining an operating point of a work machine and/or of an
asynchronous motor driving the latter, said device being provided with one or more
inputs for the detection of operating point-dependent measurement variables, there is
provision, according to the invention, whereby the device has a data store for

technological data of the work machine and/or of the asynchronous motor driving the
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latter, and determines a frequency linearly proportional to the rotational sound of the
work machine from a mechanical measurement variable, namely pressure, differential
pressure, force, vibration, solid-borne noise or airborne noise, by means of signal
analysis, in particular frequency analysis, determines the rotational speed of the drive
machine from this, and from this, using the slip-induced rotational speed/torque
dependence of the asynchronous motor, determines and, if appropriate, monitors the
operating point from non-electrical measurement variables, without the use of

electrical measurement variables of the driving asynchronous motor.

The data store can store motor parameters which describe the rotational speed/torque
dependence of the asynchronous motor and/or other technological data of the work
machine arrangement. These can be accessed, for the purpose of determining the
operating point, while the work machine is in operation. There is no need for electrical
measurement variables to be detected by the device. The device can determine the
operating point of the work machine from a single measurement signal, for example a

pressure sensor signal.

According to a refinement of the invention, the device determines the power input of

the work machine by means of the following steps:

- determination of the rotational speed/torque characteristic curve of the motor,
in particular by means of stipulated motor parameters, namely design power
and design rotational speed, if appropriate synchronous rotational speed, pull-
out torque, pull-out rotational speed or pull-out slip

- determination of the power input or torque of the motor from the drive
rotational speed and the rotational speed/torque characteristic curve of the

motor.

In a pump, in particular a centrifugal pump, as a work machine, there is provision for a
delivery rate of the pump to be determined from the drive rotational speed. Only

mechanical measurement variables are detected on the pump. The drive or shaft
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rotational speed of the pump is determined from the determined rotational sound

frequency.

There is a considerable cost benefit, as compared with direct measurement of the
delivery rate, for example, by means of ultrasonic throughflow measurement
technology or magnetoinductive throughflow measurement technology. Outlay and
costs are also minimized, as compared with determining the delivery rate on the basis

of electrical active power measurement.

The device may be arranged on the pump, on its drive motor or in its surroundings

and/or may be integrated with the pump or its drive motor.

The device can determine the delivery rate of the pump, in particular centrifugal pump,
from the power input or shaft output determined from the drive rotational speed or

shaft rotational speed.

It has proved expedient that the device determines the delivery rate of the pump, in
particular centrifugal pump, from parameters of the motor, which describe a rotational
speed/torque characteristic curve of the motor, and also from parameters of the pump,
which describe a delivery flow/power characteristic curve, and from the drive

rotational speed or shaft rotational speed.

There is just as easy provision for the device to determine the delivery rate of the
pump, in particular a centrifugal pump, directly from a characteristic curve which
represents the load-dependent rotational speed change against the delivery rate of the
pump. Such a characteristic curve can be determined by means of test runs and stored
in the data store, so that it can be retriecved while the centrifugal pump is in operation.
The rotational speed/torque dependence of the asynchronous motor is nevertheless
used here, which leads to a rotational speed variation over the delivery flow range. The
operating point characterized by the power input of the work machine and/or its

delivery rate can be determined from this in an especially simple way.



10

15

20

25

30

DK/EP 2433010 T3

15

It is ideal if the device has at least one connection for a pressure sensor and from
measurement values of a connected pressure sensor determines the drive rotational
speed or shaft rotational speed for the purpose of determining the operating point of
the work machine. Pressure sensors for detecting static pressures are likewise capable
of detecting dynamic pressure fluctuations. Such pressure sensors are mounted in any
case on many pumps, particularly in order to detect their ultimate pressure.
Conventional devices for the detection of signals from pressure sensors by means of
analog inputs, for example on store-programmable controls or on frequency
converters, usually enable filtered, that is to say dynamically damped measurement
values to be used. Such inputs are too slow and insensitive for detecting the dynamic
pressure signal component which is relevant according to the invention.

Highly dynamic inputs which are capable in measuring devices of detecting signal
components in frequency ranges of a few kilohertz are mostly not sufficiently robust

and, moreover, are costly in industrial practice.

The device according to the invention differs from what is conventional in industrial
terms, as mentioned, in that it makes it possible to detect the pulsating component of a
pressure signal, while at the same time having high dynamics. This ensures that the
frequency of the pulsating pressure component is determined exactly in a relevant
frequency range. The device expediently possesses an input for signal components of
up to approximately 500 Hz, a limit frequency for an input filter being correspondingly

higher.

It has proved advantageous that the frequency range relevant for a specific pump is a
small extract, delimited by a lower and an upper rotational sound frequency fp min and
fb max, Of the overall measured frequency range. Evaluation can therefore take place
correspondingly selectively and accurately. In an example of a centrifugal pump, the
relevant frequency range is stipulated by the limits of lower and upper rotational sound

frequency fp min and fp max In the case of a known number of blades z:

fDimin = Nmin " Z and fDimax = Nmax " Z (95 ]O)
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In this case, the minimum rotational speed npi, and maximum rotational speed npax are
known from parameters of the asynchronous motor driving the centrifugal pump. The

minimum rotational speed can be calculated in a simplified way from ny, for example

Nmin = 0.95 * ny (11)

And/or the maximum rotational speed can be assumed to be

nmax = nO (12).

Optimizing the efficiency of asynchronous motors entails minimizing the slip as a
deviation of the shaft rotational speed from the synchronous rotational speed. IEC
standard motors with a nominal power of 22 kW and above usually have a nominal slip
of less than 2%, in the case of higher powers the slip is even lower and may even be
less than 1%. The result of this is that the minimum and maximum rotational speed and
the minimum and maximum rotational sound frequency may lie very closely to one
another. So that an operating point can be determined from the rotational sound
frequency, the latter must be determined very exactly. According to the invention,
therefore, the device has a signal processing unit which carries out an exact
determination of the rotational sound frequency, preferably with an accuracy of
1/10 Hertz or of a few 1/100 Hertz. This is achieved by means of a very high sampling

frequency and/or by means of a correspondingly long sampling interval.

In this case, the amplitude of the pulsating pressure component is relatively low. In a
concrete example, the amplitude of the pulsating signal component amounts to less
than 1% of the pressure. The device processes the measurement range of the pressure
signal with correspondingly high resolution, so that the pressure pulsation can be
evaluated satisfactorily according to analog/digital conversion in spite of the low
amplitude, that is to say the rotational sound frequency can be determined. The device
according to the invention thus makes it possible to determine an operating point of a

pump reliably.
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Alternatively and/or additionally, the device may have at least one connection for a
solid-borne noise and/or airborne noise sensor and from measurement values of a
connected solid-borne noise and/or airborne noise sensor can determine the drive
rotational speed for the purpose of determining the operating point of the work

machine and/or of the asynchronous motor driving the latter.

For the detection of operating point-dependent noise measurement variables, the

device expediently is connectable to a microphone or has an integrated microphone.

It is advantageous in this case if the device is a telephone, in particular a mobile
telephone, for detecting the operating noises of the work machine and for determining
and/or monitoring an operating point. Such a device uses the method according to the
ivention. For this purpose, a program sequence can be stored in a data store of the

device and can be processed by a computing unit located in the device.

The device may also, separated spatially from the work machine, determine and, if
appropriate, monitor the operating point of the latter. There is in this case provision for
the device to use telecommunication means, in particular a telephone or mobile
telephone and a telecommunication network, in order to carry out the determination
and/or monitoring of an operating point at a location other than the operating location
of the work machine. The telecommunication means in this case serve as signal
detection and/or transmission means. For example, a mobile telephone can pick up
solid-borne noise and/or airborne noise signals from a work machine by means of a
built-in microphone and can transfer them by means of a telecommunication network
to a device, separated spatially from the work machine, for determining and/or

monitoring an operating point.

The invention can be used advantageously in a centrifugal pump arrangement
composed of at least one centrifugal pump with a shaft and an asynchronous motor
driving the shaft and with one or more sensors for the detection of operating point-
dependent measurement variables. The device may be arranged on the centrifugal

pump and/or be integrated into the centrifugal pump and/or the asynchronous motor.
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An arrangement in the surroundings of the centrifugal pump arrangement or a spatially

separate arrangement is also provided.

Exemplary embodiments of the inventions are illustrated in the drawings and are

described in more detail hereafter. In the drawings,

figure la
figure 1b
figure 2

figure 3
figure 4a
figure 4b

figure 5a

figure 5b

shows a Q-H characteristic curve of a centrifugal pump,

shows a Q-P characteristic curve of a centrifugal pump,

shows a general diagrammatic illustration of the method according to the
invention,

shows a diagrammatic illustration of the method steps of a first method for
determining an operating point,

shows a pressure profile at the outlet of a centrifugal pump,

shows the pressure profile in a view of a detail,

shows a rotational speed/torque characteristic curve of an asynchronous
motor,

shows a simplified rotational speed/torque characteristic curve of an

asynchronous motor in its operating range,

figures 6a and 6b show n-P characteristic curves of the asynchronous motor which are

figure 7

figure 8
figure 9

figure 10

figure 11

derived from this,

shows a diagrammatic illustration of an alternative method using a load-
dependent rotational speed/delivery flow characteristic curve,

shows a load-dependent rotational speed/delivery flow characteristic curve,

shows a diagrammatic illustration of a combined method for determining
an operating point,

shows a centrifugal pump arrangement with a device according to the
invention for determining an operating point from a measured
pressure pulsation,

shows a centrifugal pump arrangement with a device according to the
invention for determining an operating point in the form of a

mobile telephone, and
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figure 12 shows a further arrangement with a device which uses a mobile telephone
and a telecommunication network in order to carry out the
determination of an operating point at a location other than the

operating location of the centrifugal pump.

Figure 1a shows a delivery flow/delivery head characteristic curve 2, what is known as
a Q-H characteristic curve, of a centrifugal pump. According to the prior art, a delivery
head H of the pump can be determined from a pressure difference measured between
the delivery side and suction side of the centrifugal pump, and the operating point of
the centrifugal pump can be determined via the delivery flow/delivery head
characteristic curve 2. However, determining an operating point in this way is
insufficient in a range of smaller delivery flows in which the delivery flow/delivery
head characteristic curve 2 1s ambiguous or unstable. Such a characteristic curve which
is unstable has the effect that, in the case of specific measured pressure differences in
relation to a specific delivery head H, there are two delivery flow values 3, 4. A

delivery rate Q(H) of the centrifugal pump therefore cannot be inferred unequivocally.

Figure 1b shows a delivery flow/power characteristic curve 10, what is known as a Q-P
characteristic curve, of a centrifugal pump. The delivery flow/power characteristic
curve 10 shown here is unequivocal, so that, with information on the power input of
the pump, it is possible to have evidence of the delivery rate Q(P) of the pump and
therefore of its operating point. Measuring the electrical power input of a centrifugal
pump assembly entails a certain amount of outlay in practice, since it takes place in a
switch cabinet and necessitates an outlay in assembly terms which has to be performed
by specialized electricians. Both the Q-H characteristic curve 2 and the Q-P

characteristic curve 10 are typically documented for a specific centrifugal pump.

Figure 2 shows a general diagrammatic illustration of a method 21 according to the
invention, in which the operating point of a work machine and/or of an asynchronous
motor driving the latter is determined without the use of electrical measurement
variables of the driving asynchronous motor. After detection 22 of a mechanical

measurement variable, in a step 23 a frequency linearly proportional to the rotational
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sound of the work machine, a rotational sound frequency fp, is determined from the
measurement variable by means of signal analysis, in particular frequency analysis. In
a next step 24, the rotational speed n of the drive machine is determined from this. And
in a further step 25, the operating point characterized by the power input of the work
machine, designated here by P,, and/or its delivery rate Q is determined. For this
purpose, according to the invention, the slip-induced rotational speed/torque
dependence of the asynchronous motor driving the work machine is used. The
operating point thus determined is available in step 29 for further processing and/or

indication.

Figure 3 shows a diagrammatic illustration, more detailed in comparison with figure 2,
of the method steps of a method 21 for determining an operating point. What is shown
1s a method 21 for determining a delivery flow or delivery rate Q from a measured
pressure pulsation or measured solid-borne noise or airborne noise via a stored motor
model and a pump characteristic curve. The parameters necessary for carrying out the
individual method steps can be stored or filed in a data store 30 and are available for
carrying out the individual method steps. The required motor parameters, namely
design or nominal power output P,y and nominal rotational speed ny, and the optional
motor parameters, namely line frequency f, number of pairs of poles p or synchronous
rotational speed no, in this case form a motor model which is expediently deposited in
a first part 31 of the data store 30. The synchronous rotational speed ny can also be
determined from the line frequency f and number of pairs of poles p or can be derived
from the nominal rotational speed nx as the theoretically possible synchronous
rotational speed next higher to this (for example, 3600 min™, 3000 min™', 1800 min™,
1500 min™, 1200 min™, 1000 min™', 900 min™', 750 min™", 600 min™ or 500 min™). The
pull-out torque My of the motor, if it is known, may optionally be stored. Furthermore,
a minimum rotational speed nmin and a maximum rotational speed nmax can be stored. A
delivery flow/power characteristic curve, a Q-P characteristic curve, of a centrifugal
pump is stored in a second part 32 of the data store 30. This characteristic curve is
given by a plurality (1) of support values (P2 1; Q 1), (P21; Q 2), ... (P2 Q). The
number of blades z of the impeller of the centrifugal pump is also available. In a step

22, measurement values of a mechanical measurement variable are detected while a
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work machine is in operation. In a method step 23, the rotational sound frequency fp is
then determined, for example, within the limits of fpmin = Nmin - z according to formula
(9) and fpmax = Nmax * Z according to formula (10) by means of signal analysis from the
signal pulsations. In a further method step 24, the instantaneous drive rotational speed
of the pump is determined from the rotational sound frequency fp and the number of

blades z. The following applies:

(8)

In a next method step 25, the power output P, of the motor is determined from the

drive rotational speed n thus determined. The following in this case applies:

P,=w-M=2-7-nM
’ )

in which

E'Mk
ST Py
fg— 1y ftyg—1n

{4)

The power output P, of the motor corresponds to the shaft output of the pump. Thus, in
a next method step 26, the delivery rate Q of the pump can be determined with the aid
of the Q-P characteristic curve of the latter. By means of the method, the operating
point of the work machine, here a centrifugal pump, is determined from the
measurement variable and its signal pulsation without the measurement of electrical

measurement variables.
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Figure 4a illustrates as a function of a time t a signal profile of a pressure p(t) which
was measured at the outlet of a centrifugal pump while the latter was in operation. It
can be seen that the pressure moves approximately at a constant level which remains

the same.

Figure 4b shows this pressure profile p(t) in a view of a detail. It can be seen that
pressure pulsations are present in the signal profile of p(t). It was recognized,
according to the invention, that these pressure pulsations can be detected by
commercially available pressure sensors for measuring a static pressure. Such pressure
sensors are mounted in any case on many pumps, particularly in order to detect their
ultimate pressure. Such a pressure sensor detects a pulsating component of the pressure
signal. The frequency of the pulsating pressure component, the rotational sound
frequency fp, is obtained from the reciprocal value of the period duration T. The
method according to the invention determines the frequency of the pulsating pressure
component in a relevant frequency range. If the number of blades z is known, the
relevant frequency range is stipulated by the limits of the lower and the upper

rotational sound frequency fp min and fp max. The following applies:

fDJ:-yfn =Nmin * Z and  Tp max = Minax * Z

(9, 10)

In this, npin 1s @ minimum rotational speed and nm.x @ maximum rotational speed of the
asynchronous motor driving the centrifugal pump. These either are known or can be

calculated in simplified form, for example by

Nmin = 0.95 - nn (11)
and
Nimax = No (12),

no representing the synchronous rotational speed. To determine the rotational sound
frequency within the relevant frequency range exactly, in the method according to the
invention an exact determination of the rotational sound frequency is carried out

preferably with an accuracy of one tenth of a Hertz or even of a few hundredths of a
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Hertz. This is achieved either by means of a very high sampling frequency and/or by
means of a correspondingly long sampling interval. The rotational sound frequency fp
is determined by means of signal analysis, in particular frequency analysis, for
example by Fast Fourier Transformation (FFT) or by an autocorrelation analysis. As
already stated, the drive rotational speed n of the centrifugal pump or of the drive

motor driving the latter can be determined from the rotational sound frequency fp.

Figures 5a and 5b serve for explaining method step 25. Figure 5a shows a rotational
speed/torque characteristic curve M(n), also referred to hereafter as an n-M
characteristic curve, of an asynchronous motor. In such a rotational speed/torque
characteristic curve M(n), the torque M is plotted against the rotational speed n of the
asynchronous motor. This characteristic curve which per se is known for and is typical
of an asynchronous motor shows the design or nominal operating point of an
asynchronous motor at a point (My; ny) in the case of a nominal torque My and
nominal rotational speed ny, circled here. At the synchronous rotational speed ny, the
torque of the asynchronous motor is equal to 0. A formula for the torque M(n) is

obtained as

2-M,

Min)=
Mo~ 0 Mg N,

ng""nk :'70“”.‘7

(4)

Figure 6a shows a rotational speed/power characteristic curve or n-P characteristic

curve, derived from this, of the asynchronous motor, with

4'7T-n‘fwk
fo—8  N.—n
Mo ng—ny
f}n"-{’!k ng_‘n

P,in)=

{13)
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The motor parameters required for calculating the characteristic curve M(n) or Px(n)
can in this case be derived from rating plate data of an asynchronous motor. In this
case, it is especially advantageous if the profile of the n-P characteristic curve is
determined solely from the rating plate data, namely the design power P,y and design
rotational speed nn. The synchronous rotational speed ng can be derived from these two
parameters which are usually evident on the rating plate of each asynchronous motor.
The pull-out torque M is usually known from the manufacturer's specifications or can
be set roughly to a suitable multiple of the nominal torque, for example to triple the

latter. The pull-out rotational speed ni can be calculated according to formula (5).

In the operating range of a work machine, the rotational speed/torque characteristic
curve of the asynchronous motor from figure 5a can be approximated as a straight line
through the points (My; nx), given by the nominal torque My at the nominal rotational
speed ny, and (M = 0; ng), given by the torque M = 0 at the synchronous rotational
speed ng. The following simplified rotational speed/torque characteristic curve, n-M

characteristic curve, of the asynchronous motor is obtained:

Min)=w,—

Ayt

(6)

This approximated or simplified rotational speed/torque characteristic curve is
illustrated in figure 5b and the simplified rotational speed/power characteristic curve

derived from it is illustrated in figure 6b:

o n--n
Pz(/?}:PEN' 0
fly=

(15)

In both cases, with a simplified linear n-P characteristic curve according to formula

(15) or using the n-P characteristic curve according to formula (13) derived from the
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Kloss formula, the power input P»(n) of a work machine can be determined from the

drive rotational speed n in a method step 25.

With the knowledge of the power input P, of the work machine, and using the Q-P

characteristic curve, the delivery rate Q can be determined in a method step 26.

Figure 7 shows a diagrammatic illustration of an alternative method 21 according to
the invention, using a load-dependent rotational speed/delivery flow characteristic
curve or n-Q characteristic curve. In this method, the number of blades z and a load-
dependent rotational speed/delivery flow characteristic curve n(Q), given by a plurality
(1) of support values (n 1; Q 1), (n2; Q 2), ... (ni; Q ;), are stored in a data store 33. It
was recognized, according to the invention, that there is an evaluatable rotational speed
change over the delivery flow range. Such a load-dependent rotational speed/torque
characteristic curve can be determined by learning and stored during regular operation
of the pump. Alternatively, the respective operating rotational speed can be determined
and stored in a test run of the pump, which takes place, for example, during the
commissioning of the pump, for a plurality of operating points with a known delivery
rate, including, for example, Qo, Qmax. Once again, in the method illustrated in figure 7,
detection 22 of a measurement variable is carried out, and the drive rotational speed n
of the work machine is determined via method steps 23 and 24. In the method shown
in figure 7, the instantaneous delivery rate Q is then determined in a method step 27
with the aid of the support values (n 1; Q 1), (n 2; Q 2), ... (ni; Q ;). The delivery rate
Q of the centrifugal pump can therefore be determined directly from the rotational
speed n. Such a load-dependent rotational speed/delivery flow characteristic curve,

which is usually not documented for a pump, is shown in figure 8.

Figure 9 shows a combined method for determining Q which carries out a
determination of an operating point both from the delivery head H and from the power
P;. In this method, too, the pressure pulsation of the delivery-side pressure p; is used
for determining the shaft output P, and the delivery rate Q. The method once again
contains the method steps 23, 24 and 25 already described in figure 3. Once again, the

parameters already described in figure 3 and also the Q-P characteristic curve are
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stored in a data store 30. In addition, the delivery flow/delivery head characteristic
curve, the Q-H characteristic curve, of the centrifugal pump is deposited. For this
purpose, the support table for the Q-P characteristic curve is supplemented by

corresponding delivery head valuesH 1, H» ... H ;.

To determine the delivery rate Q, in a method step 28 the delivery rate is determined
according to a combined method from the delivery flow/delivery head characteristic
curve and delivery flow/power characteristic curve of the centrifugal pump. The
determination of an operating point can therefore be carried out more accurately and
more reliably. The required delivery head H is calculated in a method step 15 from the

ultimate pressure p, and the suction pressure p;.

Figure 10 shows a centrifugal pump arrangement 50 in which a centrifugal pump 51 is
connected via a shaft 53 to an asynchronous motor 52 which drives the centrifugal
pump 51. For this purpose, the asynchronous motor 52 is fed from a network feed line
54. The asynchronous motor 52 has a rating plate 55 having characteristic quantities of
the asynchronous motor 52. A pressure connection piece 56 of the centrifugal pump 51
has arranged on it a pressure sensor 57 for measuring the delivery-side pressure or
ultimate pressure of the centrifugal pump 51. The pressure sensor 57 is connected via a
line 58 to a device 61 according to the invention. The device 61 according to the
invention evaluates the measurement signals from the pressure sensor 57 and
determines the operating point of the work machine 51. It uses the method according to
the invention for this purpose. The rating plate data, namely the nominal power Py
and the nominal rotational speed ny, are sufficient as characteristic quantities of the
asynchronous motor for carrying out the method. All other motor parameters can be
derived or calculated from these. The device 61 has a connection or signal input 62
suitable for detecting the pressure signals. It has proved expedient to design the signal
input 62 for signal components up to 500 Hz. Such an input is more cost-effective than
a highly dynamic input, which can detect signals in the frequency range of a few
kilohertz, and affords the possibility of sufficiently rapid and sensitive signal detection.
Furthermore, the device 61 possesses a signal processing unit 64 which determines the

rotational sound frequency fp with sufficient accuracy. The signal processing unit 64 is



10

15

20

25

30

DK/EP 2433010 T3

27

capable of determining the rotational sound frequency with an accuracy of one tenth of
a Hertz or of a few hundredths of a Hertz. It has a high sampling frequency and/or
correspondingly long sampling intervals. The method taking place in the device 61 is
controlled and coordinated by a computing unit 65. Furthermore, the device 61 has an
indicator and/or operating unit 66. A further pressure sensor connection, not illustrated
here, may be provided on the device and serves, for example, for detecting a pump
suction pressure. Moreover, the device may have further signal inputs, not illustrated
here, and/or a serial bus interface, for example for the read-in or read-out of

parameters.

Figure 11 shows a centrifugal pump arrangement composed of a centrifugal pump 51
and asynchronous motor 52, and a device for determining an operating point in the
form of a mobile telephone 71. This determines the operating point of the centrifugal
pump 51 from the airborne noise transmitted by the centrifugal pump 51. For this
purpose, the mobile telephone 71 has an integrated microphone 72. In this exemplary
embodiment, the mobile telephone 71 uses the method according to the invention. For
this purpose, an appropriate program sequence can be stored in a data store, not
illustrated here, of the mobile telephone 71 and is processed by a computing unit, not

illustrated here, which is located in the mobile telephone.

As illustrated in figure 12, the device can also determine the operating point of a work
machine while being separated spatially from the latter. Figure 12 shows the same
centrifugal pump arrangement as in figure 11, composed of a centrifugal pump 51 and
asynchronous motor 52. A mobile telephone 71 with an integrated microphone 72
detects the operating noises of the work machine 51 at an operating location 78,
indicated by a dashed line, of the centrifugal pump 51 and of the asynchronous motor
52. For this purpose, the mobile telephone 71 detects the airborne noise signals of the
work machine 51. A device 61 for determining an operating point is arranged, spatially
separated from the work machine 51, at a location 79 where operating point
determination is carried out. The device 61 uses telecommunication means, which
serve as signal transmission means, in order to carry out operating point determination

while being separated spatially from the work machine 51. The airborne noise signals
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of the centrifugal pump 51 which are detected by the mobile telephone 71 are

transmitted or transferred to the device 61 by means of a telecommunication network

77.
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PATENTIKRAYV

1. Fremgangsmade til bestemmelse af et driftspunkt af en arbejdsmaskine og/eller
en denne drivende asynkronmotor, hvor en af arbejdsmaskinen optaget effekt og/eller
dens transportmeaengde karakteriserer et driftspunkt, hvor en eller flere driftspunktafhaen-
gige malestgrrelser af arbejdsmaskinen registreres ved hjeelp af en eller flere sensorer, og
hvor maleveerdierne analyseres og/eller gemmes under en drift af arbejdsmaskinen,

kendetegnet ved, at driftspunktet bestemmes uden anvendelse af elektriske
malestgarrelser af den drivende asynkronmotor, at der ud fra en mekanisk malestgrrelse:
tryk, differenstryk, kraft, vibration, strukturlyd eller Iuftlyd ved hjeelp af en signalanalyse,
navnlig en frekvensanalyse, beregnes en til omdrejningslyden af arbejdsmaskinen lineaer
proportional frekvens, hvor omdrejningstallet (n) af drivmaskinen beregnes derudfra, og
hvor driftspunktet bestemmes ud fra den slipbetingede omdrejningstal-drejningsmoment-
afhaengighed af asynkronmotoren (52).

2. Fremgangsmade ifslge krav 1, kendetegnet ved, at den optagede effekt
(P;) af arbejdsmaskinen bestemmes ved falgende trin:

- bestemmelse af omdrejningstal-drejningsmoment-karakteristikken (M(n)) af
motoren (52), navnlig ved hjeelp af forud givhe motorparametre: dimensione-
ringseffekt (P,y) og dimensioneringsomdrejningstal (ny), i pakommende til-
feelde synkrone omdrejningstal (ng), kipmoment (M), kipomdrejningstal (ny)
eller kipslip (sk),

- bestemmelse af den optagede effekt (P;) eller af drejningsmomentet (M) af
motoren (52) ud fra beregnet drivomdrejningstal (n) og omdrejningstal-
drejningsmoment-karakteristikken (M(n)) af motoren (52).

3. Fremgangsmade ifglge krav 1 eller 2, kendetegnet ved, at ved en pumpe,
navnlig en centrifugalpumpe (51), som arbejdsmaskine foregdr beregningen af en trans-
portmaengde (Q) af pumpen ud fra dens drivomdrejningstal (n).

4. Fremgangsmade ifglge krav 3, kend ete gn et ved, at transportmaengden (Q)
af pumpen bestemmes ud fra den ud fra drivomdrejningstallet (n) beregnede optagede
effekt (P,).

5. Fremgangsmade ifglge krav 3 eller 4, kendetegnet ved, at transport-
mangden (Q) af pumpen bestemmmes ud fra parametre af motoren (52), hvilke parametre
beskriver en omdrejningstal-drejningsmoment-karakteristik (M(n)) af motoren (52), savel
som ud fra parametre af pumpen, hvilke parametre beskriver en transportstrgm-effekt-
karakteristik (10), og drivomdrejningstallet (n).

6. Fremgangsmade ifglge krav 3, kend etegn et ved, at transportmangden (Q)
af centrifugalpumpen (51) bestemmes ud fra en karakteristik, som tilvejebringer den last-
afhaengige omdrejningstalseendring over transportmaengden (Q) af pumpen.

7. Fremgangsmade ifglge ét af kravene 3 til 6, kendetegnet ved, at drivom-

drejningstallet (n) til bestemmelse af driftspunktet af pumpen, navnlig centrifugalpumpen
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(51), beregnes ud fra méleveaerdier fra en eller flere tryksensorer (57).

8. Fremgangsmade ifglge ét af kravene 1 til 7, kendetegnet ved, at drivom-
drejningstallet (n) til bestemnmelse af driftspunktet af arbejdsmaskinen og/eller den denne
drivende asynkronmotor (52) beregnes ud fra maleveerdier fra én eller flere strukturlyd-
eller luftlydsensorer.

9. Fremgangsmé&de til overvagning af det ifslge ét af kravene 1 til 8 beregnede
driftspunkt af en arbejdsmaskine og/eller en denne drivende asynkronmotor, kend e -
tegnet ved, at der ved hjeelp af en udenfor et forud givet omrade liggende driftspunkt
erkendes en fejlbehaeftet driftstilstand, navnlig som over- eller underbelastning, af ar-
bejdsmaskinen og/eller asynkronmotoren (52).

10. Indretning til bestemmelse og/eller overvagning af et driftspunkt af en arbejds-
maskine og/eller en denne drivende asynkronmotor, hvor den af arbejdsmaskinen optage-
de effekt og/eller dens transportmeengde karakteriserer et driftspunkt, med en eller flere
indgange til registrering af driftspunktafhaengige malestarrelser,

kendetegnet ved, at indretningen (61) omfatter et datalager (30, 33) til tek-
nologiske data af arbejdsmaskinen og/eller den denne drivende asynkronmotor, og ud fra
en mekanisk mélestgarrelse: tryk, differenstryk, kraft, vibration, strukturlyd eller luftlyd ved
hjeelp af en signalanalyse, navnlig en frekvensanalyse, beregner en til omdrejningslyden af
arbejdsmaskinen lineser proportional frekvens, derudfra beregner omdrejningstallet (n) af
drivmaskinen, og ud fra den slipbetingede omdrejningstal-drejningsmoment-afhaengighed
af asynkronmotoren (52) bestemmer og i pakommende tilfeelde overvager driftspunktet ud
fra ikke-elektriske malestgrrelser.

11. Indretning ifglge krav 10, kendetegnet ved, at den optagede effekt (P;)
af arbejdsmaskinen er bestemt ved fglgende trin:

- bestemmelse af omdrejningstal-drejningsmoment-karakteristikken (M(n)) af
motoren (52), navnlig ved hjeelp af forud givhe motorparametre: dimensione-
ringseffekt (P,y) og dimensioneringsomdrejningstal (ny), i pakommende til-
feelde synkrone omdrejningstal (ng), kipmoment (M,), kipomdrejningstal (ny)
eller kipslip (sy),

- bestemmelse af den optagede effekt (P,) eller af drejningsmomentet (M) af
motoren (52) ud fra drivomdrejningstallet (n) og omdrejningstal-
drejningsmoment-karakteristikken (M(n)) af motoren (52).

12. Indretning ifglge krav 10 eller 11, kendetegnet ved, at arbejdsmaskinen
er en pumpe, navnlig en centrifugalpumpe (51), og at driftspunktbesternmelsen omfatter
beregningen af en transportmaengde (Q) af pumpen ud fra drivomdrejningstallet (n).

13. Indretning ifglge krav 12, kendetegnet ved, at indretningen (61) be-
stemmer transportmangden (Q) af pumpen, navnlig centrifugalpumpen (51), ud fra den
ud fra drivomdrejningstallet (n) beregnede optagede effekt (P,).

14. Indretning ifglge krav 12 eller 13, kendetegnet ved, at indretningen (61)
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bestemmer transportmeaengden (Q) af pumpen, navnlig af centrifugalpumpen (51), ud fra
parametre af motoren (52), hvilke parametre beskriver en omdrejningstal-
drejningsmoment-karakteristik (M(n)) af motoren (52), sdvel som ud fra parametre af
pumpen, hvilke parametre beskriver en transportstrgm-effekt-karakteristik (10), og driv-
omdrejningstallet (n).

15. Indretning ifglge krav 12, kendetegnet ved, at indretningen (61) be-
stemmer transportmeangden (Q) af pumpen, navnlig af centrifugalpumpen (51), ud fra en
karakteristik, som tilvejebringer den lastafhaengige omdrejningstalseendring over trans-
portmangden (Q) af pumpen.

16. Indretning ifglge ét af kravene 10 til 15, kendetegnet ved, at indretnin-
gen (61) omfatter mindst én signalindgang (62) til en tryksensor (57), og ud fra maleveer-
dier fra en tilsluttet tryksensor (57) beregner drivomdrejningstallet (n) til bestemmelse af
driftspunktet af arbejdsmaskinen.

17. Indretning ifelge ét af kravene 10 til 15, kendetegnet ved, at indretnin-
gen (61) omfatter mindst én signalindgang til en strukturlyd- eller luftlydsensor, og ud fra
maleveerdier fra en tilsluttet strukturlyd- eller luftlydsensor beregner drivomdrejningstallet
(n) til bestemmelse af driftspunktet af arbejdsmaskinen og/eller den denne drivende asyn-
kronmotor (52).

18. Indretning ifolge ét af kravene 10 til 15 eller 17, kendetegnet ved, atind-
retningen til registrering af driftspunktafheengige malestgrrelser kan forbindes med en mi-
krofon (72) eller omfatter en integreret mikrofon (72).

19. Indretning ifglge krav 18, kendetegn et ved, at indretningen omfatter en
telefon, navnlig en mobiltelefon (71), til registrering af driftsstgjen af arbejdsmaskinen, og
er til driftspunktbestemmelse og/eller —overvagning.

20. Indretning ifglge krav 18, kend etegn et ved, at indretningen (61) benytter
telekommunikationsmiddel, navnlig en telefon eller en mobiltelefon (71) og et telekommu-
nikationsnet (77), til at gennemfgre driftspunktbestemmelsen og/eller —overvagningen pa
et andet sted (79) end driftsstedet (78) af arbejdsmaskinen.
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Fig. 4a
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Fig. 6b
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Fig. 8
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Fig. 11
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