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Description

[0001] The invention relates to a method to estimate a load behavior in a laundry treatment machine. Furthermore, the
invention relates to a laundry treatment machine with a control unit to estimate a load behavior. For example, the laundry
treatment machine is a washing machine or a drying machine or a combined washing and drying machine.
[0002] The estimation of a load inertia at the beginning of a washing cycle has a key role to set the amount of resources
such as water, detergent, bleach and softener and the amount of energy in order to achieve a good washing performance
without wasting resources and energy. The load inertia is caused by the laundry within the drum of the laundry treatment
machine and varies in a wide range.
[0003] The washing unit is suspended to the cabinet by a set of springs and dampers. This mechanical system is
adjusted to have a resonance frequency at a relatively low angular speed between 150 rpm and 300 rpm. During the
spinningphase, theangular speedof thedrumhas tocross this resonance regionwithout interferencebetween the tuband
the cabinet. Due to an increase of the drum size and a loading capacity of the laundry treatment machine the available
spacebetween the tuband the cabinet decreased.Asa consequence, apreciseestimationof a loadunbalance is required
in order to avoid a mechanical impact between the tub and the cabinet when the resonance region is crossed.
[0004] US2005/204482A1discloses amethod to estimate a load inertia and a load unbalance. The estimation is based
on an angular speed signal and a torque signal during an acceleration of the drum or during superimposition of a dither
signal toasubstantially constant angular speed inorder toexcite themechanical systemof the laundry treatmentmachine.
[0005] EP 2 607 535 A2 discloses a method of operating a laundry treating appliance comprising at least one cycle of
operation controlling the extraction of liquid from the laundry load on the basis of the inertia of the laundry load. US
2019/0112745 A1 discloses a method of operating a laundry washing machine.
[0006] It is an object of the present invention to provide a method to estimate a load behavior in a laundry treatment
machine in an easy, reliable and accurate manner.
[0007] This object is achievedbyamethod comprising the steps of claim1.According to the inventivemethod the inertia
and the load torque is determined based on two operations of the laundry treatment machine with two different speed
controller parameters and bandwidths of the speed controller. The speed controller regulates the angular speed of the
drive motor an is part of the speed control loop. The first operation can be described by

and the second operation can be described by

wherein denotes the first torque signal,

denotes the derivative of the first angular speed signal,

denotes the second torque signal,

denotes the derivative of the second angular speed signal,
T̂L denotes the load torque and
Ĵt denotes the total inertia of the laundry treatment machine with regard to a rotation around the rotational axis.
[0008] Based on equations (1) and (2) the total inertia can be evaluated by

[0009] The load inertia can be evaluated by

wherein

ĴL denotes the load inertia and
Jm denotes the inertia of the laundry treatment machine.
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[0010] The inertia Jmof the laundry treatmentmachine is known fromconstruction dataor canbemeasuredby runninga
test without a distributed load inside the drum.
[0011] Furthermore, in case that the load inertia is evaluated according to equation (4), the load torque can be
determined, for example according to equation (1) and/or equation (2) and/or by means of a load observer as soon
as the total inertia Ĵt is estimated according to equation (3) and the load torque observer is parametrized accordingly.
[0012] The load torque observer enables an accurate and continuous estimation of the load torque. The load torque
observer can be easily implemented into a control unit of a laundry treatment machine. Additional hardware components,
like sensors, are not required.
[0013] The advantages of the inventive method are as follows:
The load inertia and the total inertia canbeevaluated at a constant angular speed, for example at 100 rpm, in order to avoid
the use of an acceleration ramp and to avoid the risk of a mechanical impact between the tub and the cabinet. The same
applies for theestimationof a loadunbalancebasedon the load torque.Themethodcanbeused toestimate thedry loadat
the beginning of thewashing cycle without using an acceleration ramp in order to set the amount of resources and energy.
In caseofacombinedwashinganddryingmachineoradryingmachine the inertiaestimationcanbeused tostop thedrying
cycle at a desiredmoisture retention. Furthermore, the inventivemethod canbe used to estimate thewet load at the end of
thewashing cyclewithout using an acceleration ramp. The estimated load torque and an estimation of the load unbalance
based thereoncanbeautomatically adaptedwith theestimated total inertia. The inventivemethodcanbeused ina laundry
treatment machine with a large drum and can be easily implemented in existing control units. The estimation of the inertia
and/or the load torque is not affected by friction or by the speed controller setting. Furthermore, the estimation of the inertia
and/or the load torque just requires an operation of the laundry treatmentmachine at a constant angular speedwithout the
need of an acceleration ramp such that the inertia and/or the load torque can be estimated in an easy and quick manner.
[0014] A method according to claim 2 ensures an easy, reliable and accurate estimation of the load behavior. The
desiredangular speedor the target speed is constant. The resultingspeedfluctuationsor speedoscillationsdependon the
bandwidth of the speed controller and/or on the controller parameters of the speed controller, on themass of the load and
on the total inertia. A change of the speed controller parameters that changes the bandwidth of the speed controller at a
constant desired angular speed results in a change of the speed oscillations and of the drive torque. The angular speed
oscillationsabout the constant desiredangular speedcouldbe, asexample,within+- 10 rpm,orwithin+- 5 rpm, orwithin+-
2 rpm.
[0015] Amethod according to claim 3 ensures an easy, reliable and accurate estimation of the load behavior. Themass
of the load can be estimated in an easy and accurate manner depending on the load torque. The unbalance mass can be
estimated by

wherein

m̂ denotes the mass of the load which corresponds to the unbalance mass,
max(T̂L) denotes the maximum of the load torque,
g denotes the gravitational acceleration and
r denotes the drum radius.

[0016] A method according to claim 4 ensures an easy, reliable and accurate estimation of the load behavior. The
angular load position can be estimated by solving

wherein

Θ̂ denotes the angular drum position in relation to a reference position,
σ̂ denotes the angular relative load position inside the drum,
T̂L denotes the load torque,
m̂ denotes the mass of the load which corresponds to the unbalance mass,
g denotes the gravitational acceleration and
r denotes the drum radius.

[0017] The angular load position can be described by
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wherein

α̂ denotes the angular position of the load in relation to the reference position
such that

since the load torque has a maximum value, if α̂ = 90°.

[0018] Amethod according to claim 5 ensures an easy, reliable and accurate estimation of the load behavior. The total
inertia canbeeasily estimatedaccording toequation (3). Furthermore, the load inertia canbeeasilyestimatedaccording to
equation (4).
[0019] Amethodaccording to claim6ensuresaneasy, reliableandaccurateestimationof the loadbehavior. Thesignals
are transformed into a frequency domain, in particular by computing a Fourier Transformation (FT). This transformation
enables to determine respective first harmonics of the signals. The first harmonics are used for the subsequent
determination of the inertia and/or the load torque. The determination of the inertia and/or the load torque is not affected
bynoisesignals.Thefirst harmonicscomprise informationabout the frequency, theamplitudeand thephaseof thesignals.
At least one of the frequency, the amplitude and the phase are used for the subsequent estimation of the inertia and/or the
load torque.
[0020] Amethod according to claim7ensures an easy, reliable anaccurate estimation of the load behavior. By using the
first harmonics of the signals the estimation of the inertia and/or the load torque is not affected by noise signals. The first
harmonics of the signals are calculated for example by a Fourier Transformation (FT). The first harmonics comprise
information about the frequency, the amplitude and the phase of the signals. At least one of the frequency, the amplitude
and the phase are used for the subsequent estimation of the inertia and/or the load torque.
[0021] A method according to claim 8 ensures an easy, reliable and accurate estimation of the load behavior. The
angular position and/or the drive torque of the drive motor can either be measured or estimated. The angular position is
used to calculate an observer error.
[0022] A method according to claim 9 ensures an easy, reliable and accurate estimation of the load behavior. The
observer error is used to estimate and/or correct internal states of the load torque observer. The internal states of the load
torqueobserver are in particular theobservedangular position, anobservedangular accelerationand the load torque.The
observer error is multiplied with observer coefficients or observer gains. The observer coefficients are used to adapt the
accuracy and the behavior of the load torque observer.
[0023] A method according to claim 10 ensures an easy, reliable and accurate estimation of the load behavior. The
observer error is multiplied with observer coefficients or observer gains in order to calculate observer signals. These
observer signals are used to estimate and/or correct the internal states of the observer. A first observer signal is calculated
by multiplying a derivative of the observer error with a first observer coefficient. A second observer signal is calculated by
multiplying the observer error with a second observer coefficient. Furthermore, a third observer signal is calculated by
multiplying the observer error with a third observer coefficient and by integrating the resulting signal. The load torque
depends on the sum of the first observer signal, the second observer signal and the third observer signal.
[0024] A method according to claim 11 ensures an easy, reliable and accurate estimation of the load behavior. An
observed angular acceleration and in consequence the observed angular position depends on the total inertia of the
laundry treatment machine and the load. The total inertia is estimated according to equation (3). The total inertia can be
adapted during the operation of the laundry treatment machine, if necessary. For example, the total inertia increases
depending on the wetness of the laundry.
[0025] A method according to claim 12 ensures an easy, reliable and accurate estimation of the load behavior.
Sensorless drive motors are well known and do not comprise an angular position sensor and an angular speed sensor.
Hence, the angular position of the drivemotor is estimated, for example bymeansof a position and/or speed estimator or a
position and/or speed observer. The load torque observer is preferably provided with an estimated angular position of the
drive motor.
[0026] Amethod according to claim 13 ensures an easy, reliable and accurate estimation of the load behavior. The load
torque observer is providedwith the desired drive torque of the drivemotor. An output signal of the speed controller is used
to estimate the drive torque. This output signal characterizes the desired electromagnetic drive torque of the drive motor
and can be used to estimate the drive torque and/or the load torque which acts on the drum.
[0027] Furthermore, it is an object of the present invention to provide a laundry treatment machine which enables to
estimate a load behavior in an easy, reliable and accurate manner.
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[0028] This object is achieved by a laundry treatment machine with the features of claim 14. The advantages of the
laundry treatmentmachine according to the invention correspond to the advantages already described in connection with
the method according to the invention.
[0029] Further features, advantages and details of the invention will be apparent from the following description of an
embodiment which refers to the accompanying drawings.

Fig. 1 shows a schematic view of a laundry treatment machine with a drum, a drive motor and a control unit,

Fig. 2 shows a schematic cross sectional view of the drum with a load located inside the drum,

Fig. 3 shows a block diagram of a controller and a load torque observer implemented in the control unit,

Fig. 4 shows a block diagram of the load torque observer in Fig. 3,

Fig. 5 shows a flow chart of a method to estimate a total inertia of the laundry treatment machine and the load with
respect to a rotation of the drum around a rotational axis,

Fig. 6 shows a time diagram of an angular speed and a drive torque of the drive motor during a first operation and a
second operation of the laundry treatment machine in order to estimate the total inertia according to the flow
chart in Fig. 5,

Fig. 7 shows a first torque signal and a first angular acceleration signal during a first operation and a second torque
signal and a second angular acceleration signal during a second operation of the laundry treatment machine
as well as a torque difference signal and an acceleration difference signal depending on the angular position
of the drum in order to estimate the total inertia, and

Fig. 8 shows an estimated load torque depending on an angular position of the drum.

[0030] Fig. 1 shows a laundry treatment machine, namely a washing machine 1 with a cabinet 2 and a washing unit 3.
The washing unit 3 comprises a tub 4 and a drum 5. The tub 4 is mounted to the cabinet 2 via dampers 6 and springs 7.
[0031] The drum 5 ismounted in a rotatablemanner to the tub 4. The drum 5 is connected via a drive shaft 8 with a drive
motor 9. The drivemotor 9 is mounted at a backside of the tub 4. The drivemotor 9 rotates the drum 5 around a horizontal
rotational axis 10.
[0032] The washing machine 1 comprises several lifters 11 to move the laundry. The lifters 11 are mounted in equal
angular distances to an inner side of the drum 5.
[0033] Furthermore, thewashingmachine 1 comprises a control unit 12 to control the operation of thewashingmachine
1. The drive motor 9 has an angular position Θ, an angular speed ω and an angular acceleration ω̇. Due to the stiff drive
shaft 8 the angular position, the angular speed and the angular acceleration of the drum 5 corresponds to the angular
positionΘ, the angular speedω and the angular acceleration ω̇. In case of belt drivenmotor, the pulley ratio will be used to
evaluate the angular position, the angular speed and the angular acceleration of the drum starting from the angular
position, the angular speed and the angular acceleration of the motor.
[0034] The load L, namely the laundry inside the drum5produces a load torqueTL. In case that the angular speed of the
drum 5 is higher than a satelization speed the load torque TL can be described by

wherein

m denotes the real mass of the load L,
g denotes the gravitational acceleration,
r denotes the drum radius,
Θ denotes the angular position of the drum in relation to a reference position Θ0, and
σ denotes the angular relative position of the load L inside the drum, namely an angle between the position of the

load L and a drum reference position.

[0035] The angular position α of the load L can be described by
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wherein

α denotes the angular position of the load L in relation to the reference position θ0.

[0036] Theangular positionsσandαand themassmareunknown.Thegravitational acceleration gand thedrum radius
r are known. The load torque TL has a maximum value if α = 90° such that

[0037] The drive motor 9 creates a drive torque Tem which accelerates the drum 5.
[0038] The drive torque Tem is superimposed by the load torque TL.
[0039] The control unit 12 comprises a speed controller 13, a torque controller 14, a first coordinate transformation 15, a
pulse width modulator 16, a position and speed observer 17, a second coordinate transformation 18 and a load torque
observer 19.
[0040] The torquecontroller 14 ispart of an inner control loopora torquecontrol loop to control thedrive torqueTemof the
drive motor 9. For example, the torque controller 14 is a PI controller. The torque controller 14 is provided with a desired

drive torque and the drive motor currents which are denoted in commonwith iabc. The drivemotor currents iabc are
transformed by means of the second coordinate transformation 18 into a dq coordinate system. The corresponding
currents are denoted in common with idq. The torque controller 14 creates in the dq coordinate system desired voltages
which are denoted in commonwith v*dq. The voltages v*aq are transformed bymeans of the first coordinate transformation
15 into desired voltages in an abc coordinate system which are denoted in common with vabc. The voltages vabc are
provided to the pulsewidthmodulator 16which creates via a switch circuit currents ia, ib, ic to operate the drivemotor 9with

a torque Tem which corresponds to the desired torque .
[0041] The drive motor 9 is designed sensorless, namely without a speed sensor and a torque sensor. Therefore, the
positionandspeedobserver 17 isused toproduceanestimatedangular position Θ̂andanestimatedangular speed ω̂. The
position and speedobserver 17 is providedwith the voltages vabc and the currents iabc. Theestimated angular position Θ̂ is
provided to the first coordinate transformation 15 and the second coordinate transformation 18.
[0042] Thespeedcontroller 13 is part of anouter control loopor a speedcontrol loop.Thespeedcontroller 13 is provided
with the difference of a desired angular speed ω* and the estimated angular speed ω̂. The output signal of the speed

controller 13 is the desired drive torque .
[0043] The load torqueobserver 19evaluates an estimated load torque T̂L.The load torque observer 19 is providedwith

the desired drive torque and the estimated angular position Θ̂ as input signals. The load torque observer 19
calculates an observer error eobs which is the difference of the estimated angular position Θ̂ and an observed angular
position Θobs.
[0044] The load torque observer 19 calculates three observer signals k1, k2 and k3. These observer signals can be
described by:

wherein

k1 denotes a first observer coefficient,
k2 denotes a second observer coefficient,
k3 denotes a third observer coefficient,
s denotes a derivator, and
1/s denotes an integrator.
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[0045] The observer coefficients are for example set to

and

[0046] The estimated load torque TL can be calculated by

[0047] The load torque observer 19 calculates an observed angular acceleration ω̇obs by

wherein
Ĵt is the total inertia of those parts of the washing machine 1 which rotate around the rotational axis 10, in particular of the
drum5with thebalancers11, of thedrive shaft 8, of thedrivemotor 9, andof the loadL.The total inertia canbedescribedby

wherein
ĴL denotes the load inertia and Jm denotes the inertia of the washing machine 1. The inertia of the washing machine 1 is
known from construction data.
[0048] The load torque observer 19 calculates an observed angular speed ωobs by integrating the observed angular
acceleration ω̇obs. Furthermore, the load torque observer 19 calculates the observed angular positionΘobs by integrating
the observed angular speed ωobs.
[0049] In the following the estimation of the total inertia Ĵt is described in detail:
In stepS1 the speed controller 13 is parametrizedwith first controller parameters P1. For example, the speed controller 13
is a PI controller.
[0050] In a second step S2 the drum 5 is accelerated by means of the drive motor 9 as example from 0 rpm to 100 rpm.
[0051] Afterwards, ina third stepS3 thedrum5 is rotatedwithanessentially constant drumspeedω.During the third step

S3 the control unit 12 transforms the desired drive torque and the estimated angular speed ω̂ into the frequency

domainbycalculatingaFourierTransformation.Thefirst harmonicof thedesireddrive torque is stored in thecontrol

unit 12 and is denoted . Furthermore, the first harmonic information, for example the frequency, the amplitude and

thephase, of the estimatedangular speed ω̂are used toget anestimatedangular accelerationwhich is denoted . The

estimated angular acceleration is stored in the control unit 12.
[0052] Afterwards, in a step S4 the speed controller 13 is parametrized with second controller parameters P2.
[0053] Afterwards, in a fifth step S5 the drum 5 is rotated with an essentially constant drum speedω. During the step S5

thecontrol unit 12 transforms thedesireddrive torque and theestimatedangular speed ω̂ into the frequencydomain

by calculating aFourier Transformation. The first harmonic of the desired drive torque is stored in the control unit 12

and is denoted . Furthermore, the first harmonic information, for example the frequency, the amplitude and the

phase, of the estimated angular speed ω̂ are used to get an estimated angular acceleration which is denoted . The
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estimated angular acceleration is stored in the control unit 12.
[0054] In a subsequent sixth step S6 the total inertia can be calculated by

[0055] The estimated total inertia Ĵt is used to parametrize the load torque observer 19. Equation (15) is illustrated in fig.
7.
[0056] After parameterization the load torque observer 19 can be used in a seventh step to observe and estimate the
load torque T̂L. Furthermore, the load inertia can be calculated by

and the estimated mass m̂ of the load or the unbalance mass can be calculated by

[0057] The angular position Θ̂ of the load L is already known. Fig. 8 illustrates the estimated load torque T̂L.
[0058] The load inertiaĴL, the load torque T̂L, themass m̂and theangular loadposition Θ̂characterize thebehavior of the
loadLand canbeused for several purposes, for example to adapt themaximumspinning speed, to compensate the load L
by filling the balancers 11 with water, to estimate the dry load at the beginning of the washing cycle and to set properly the
required amount of water and/or detergent, to estimate the wet load at the beginning of the spinning cycle and to estimate
the remaining moisture retention during a drying process.

Claims

1. Method to estimate a load behavior in a laundry treatment machine with the steps of:

- providing a laundry treatment machine (1) with a drum (5), a drive motor (9) to rotate the drum (5) around a
rotational axis (10) and a controller (13) to regulate an angular speed of the drive motor (9),
- performing a first operation of the laundry treatment machine (1) with a load (L) inside the drum (5), wherein the
controller (13) is operated with first controller parameters (P1),

- determining a first torque signal and a derivative of a first angular speed signal of the drivemotor (9)
based on the first operation,
- performingasecondoperationof the laundry treatmentmachine (1)with the load (L) inside thedrum(5),wherein
the controller (13) is operated with second controller parameters (P2),

- determining a second torque signal and a derivative of a second angular speed signal of the drive
motor (9) based on the second operation, and
- determining an inertia Ĵt with the equation

and characterized by:

determining a load torque (T̂L) caused by the load (L) depending on the first torque signal , the second

torque signal , the derivative of the first angular speed signal and the derivative of the second
angular speed signal, wherein the load torque (T̂L) is determined by means of a load torque observer (19).

2. Method according to claim 1, characterized in
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thatat least oneof thefirst operationand thesecondoperation isperformedataconstant desired targetangular speed
(ω*), while in particular a real speed (ω) oscillates according to the controller parameters (P1, P2) and the load (L).

3. Method according to claim 1 or 2, characterized
by the step of determining a mass (m̂) of the load (L) depending on the load torque (T̂L).

4. Method according to at least one of the preceding claims, characterized
by the step of determining an angular load position (α̂) of the load (L) depending on the load torque (T̂L).

5. Method according to at least one of the preceding claims, characterized
by the step of determining a total inertia (Jt)of the laundry treatmentmachine (1) and the load (L), wherein in particular
a load inertia (JL) is the difference between the total inertia (Ĵt) and a machine inertia (Jm).

6. Method according to at least one of the preceding claims, characterized in

that the first torque signal ( ), the second torque signal ( ), the first angular speed signal and the second
angular speed signal are transformed into a frequency domain.

7. Method according to at least one of the preceding claims, characterized in

thata respective first harmonicof thefirst torquesignal ( ), of thesecond torquesignal ( ), of thefirst angular
speed signal and of the second angular speed signal are used to determine the inertia (Ĵt, ĴL) and/or the load torque
(T̂L).

8. Method according to at least one of the preceding claims, characterized in
that the load torque observer (19) is providedwith an angular position (Θ̂) of the drivemotor (9) and/or a drive torque (

) of the drive motor (9).

9. Method according to at least one of the preceding claims, characterized in
that the load torque observer (19) determines an observer error (eobs) depending on an angular position (Θ̂) of the
drive motor (9) and an observed angular position (Θobs).

10. Method according to at least one of the preceding claims, characterized in
that the load torque observer (19) determines observer signals (k1, k2, k3) depending on an observer error (eobs) and
observer coefficients (K1, K2, K3) to determine the load torque (T̂L) and/or an observed angular position (Θobs).

11. Method according to at least one of the preceding claims, characterized in
that the load torque observer (19) determines an observed angular position (Θobs) depending on a total inertia (Jt) of
the laundry treatment machine (1) and the load (L).

12. Method according to at least one of claims 8 to 11, characterized in that the drive motor (9) is designed sensorless
and the angular position (Θ̂) of the drive motor (9) is estimated, in particular by means of a position observer (17).

13. Method according to at least one of claims 8, characterized in that the drive torque ( ) of the drive motor (9) is

estimated or is the desired drive torque ( ) and the output of the controller (13).

14. Laundry treatment machine with

- a drum (5),
- a drive motor (9) to rotate the drum (5) around a rotational axis (10), and
- a control unit (12) configured toestimatea loadbehaviorwith a controller (13) to regulate anangular speedof the
drive motor (9), wherein the control unit (12) is designed such that

-‑ a first operation of the laundry treatment machine (1) with a load (L) inside the drum (5) is performed,
wherein the controller (13) is operated with first controller parameters (P1),

-‑ a first torque signal and a derivative of a first angular speed signal of the drive motor (9) are
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determined based on the first operation,
-‑ a second operation of the laundry treatment machine (1) with the load (L) inside the drum (5) is performed,
wherein the controller (13) is operated with second controller parameters (P2),

-‑a second torque signal and a derivative of a secondangular speed signal of the drivemotor (9)
are determined based on the second operation, and
-‑ an inertia Ĵt using the equation

and characterized in that:

a load torque (T̂L) causedby the load (L) is determined depending on the first torque signal , the second

torque signal , the derivative of the first angular speed signal and the derivative of the
second angular speed signal, wherein the load torque (T̂L) is determined bymeans of a load torque observer
(19).

Patentansprüche

1. Verfahren zum Schätzen eines Lastverhaltens in einer Wäschebehandlungsmaschine mit den Schritten:

- Bereitstellen einer Wäschebehandlungsmaschine (1) mit einer Trommel (5), einem Antriebsmotor (9) zum
Drehantreiben der Trommel (5) um eine Drehachse (10) und einer Steuerung (13) zum Regeln einer Winkel-
geschwindigkeit des Antriebsmotors (9),
- Durchführen eines ersten Arbeitsganges der Wäschebehandlungsmaschine (1) mit einer Beladung (L) in der
Trommel (5), wobei die Steuerung (13) mit ersten Steuerungsparametern (P1) betrieben wird,

- Bestimmen eines ersten Drehmomentsignals und einer Ableitung eines ersten Winkelge-
schwindigkeitssignals des Antriebsmotors (9) auf der Grundlage des ersten Arbeitsganges,
- Durchführen eines zweiten Arbeitsganges der Wäschebehandlungsmaschine (1) mit der Beladung (L) in der
Trommel (5), wobei die Steuerung (13) mit zweiten Steuerungsparametern (P2) betrieben wird,

- Bestimmen eines zweiten Drehmomentsignals und einer Ableitung eines zweiten Winkelge-
schwindigkeitssignals des Antriebsmotors (9) auf der Grundlage des zweiten Arbeitsganges, und
- Bestimmen einer Trägheit Ĵt mit der Gleichung

und gekennzeichnet durch:
Bestimmen eines Lastmoments (T̂L), welches von der Beladung (L) verursacht wird, in Abhängigkeit von dem

ersten Drehmomentsignal , dem zweiten Drehmomentsignal , der Ableitung des ersten

Winkelgeschwindigkeitssignals und der Ableitung des zweitenWinkelgeschwindigkeitssignals, wobei das
Lastmoment (T̂L) mithilfe eines Lastmomentbeobachters (19) bestimmt wird.

2. Verfahren nach Anspruch 1, dadurch gekennzeichnet,
dass mindestens einer von dem ersten Arbeitsgang und dem zweiten Arbeitsgang bei einer konstanten Soll-
Winkelgeschwindigkeit (ω*) durchgeführt wird, während insbesondere eine reale Geschwindigkeit (ω) entsprechend
den Steuerungsparametern (P1, P2) und der Beladung (L) schwankt.

3. Verfahren nach der Ansprüche 1 oder 2, gekennzeichnet durch den Schritt des Bestimmens einer Masse (m̂) der
Beladung (L) in Abhängigkeit von dem Lastmoment (T̂L).
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4. Verfahren nach mindestens einem der vorhergehenden Ansprüche, gekennzeichnet
durch den Schritt des Bestimmens einer Lastwinkelposition (α̂) der Beladung (L) in Abhängigkeit von dem Last-
moment (T̂L).

5. Verfahren nach mindestens einem der vorhergehenden Ansprüche, gekennzeichnet
durch den Schritt des Bestimmens einer Gesamtträgheit (Ĵt) der Wäschebehandlungsmaschine (1) und der Be-
ladung (L), wobei insbesondere eine Ladungsträgheit (ĴL) die Differenz zwischen der Gesamtträgheit (Ĵt) und einer
Maschinenträgheit (Jm) beträgt.

6. Verfahren nach mindestens einem der vorhergehenden Ansprüche,
dadurch gekennzeichnet,

dass das erste Drehmomentsignal ( ), das zweite Drehmomentsignal ( ), das erste Winkelgeschwindig-
keitssignal und das zweite Winkelgeschwindigkeitssignal in einen Frequenzbereich transformiert werden.

7. Verfahren nach mindestens einem der vorhergehenden Ansprüche,
dadurch gekennzeichnet,

dass eine jeweilige erste Harmonische des ersten Drehmomentsignals ( ), des zweiten Drehmomentsignals (

), des erstenWinkelgeschwindigkeitssignals und des zweitenWinkelgeschwindigkeitssignals zumBestimmen
der Trägheit (Ĵt, ĴL) und/oder des Lastmoments (T̂L) verwendet werden.

8. Verfahren nach mindestens einem der vorhergehenden Ansprüche,
dadurch gekennzeichnet,
dass der Lastmomentbeobachter (19) eineWinkelposition (Θ̂) des Antriebsmotors (9) und/oder ein Antriebsmoment
( ) des Antriebsmotors (9) erhält.

9. Verfahren nach mindestens einem der vorhergehenden Ansprüche,
dadurch gekennzeichnet,
dass der Lastmomentbeobachter (19) einen Beobachterfehler (eobs) in Abhängigkeit von einer Winkelposition (Θ̂)
des Antriebsmotors (9) und einer beobachteten Winkelposition (Θobs) bestimmt.

10. Verfahren nach mindestens einem der vorhergehenden Ansprüche,
dadurch gekennzeichnet,
dass der Lastmomentbeobachter (19) Beobachtersignale (k1, k2, k3) in Abhängigkeit von einem Beobachterfehler
(eobs) undBeobachterkoeffizienten (K1,K2,K3) zumBestimmendesLastmoments (T̂L) und/odereinerbeobachteten
Winkelposition (Θobs) bestimmt.

11. Verfahren nach mindestens einem der vorhergehenden Ansprüche,
dadurch gekennzeichnet,
dass der Lastmomentbeobachter (19) eine beobachtete Winkelposition (Θobs) in Abhängigkeit von einer Gesamt-
trägheit (Ĵt) der Wäschebehandlungsmaschine (1) und der Beladung (L) bestimmt.

12. Verfahren nach mindestens einem der Ansprüche 8 bis 11, dadurch gekennzeichnet, dass der Antriebsmotor (9)
sensorlos ausgeführt ist und die Winkelposition (Θ̂) des Antriebsmotors (9) geschätzt wird, insbesondere mithilfe
eines Positionsbeobachters (17).

13. Verfahren nach mindestens einem der Ansprüche 8, dadurch gekennzeichnet,

dass das Antriebsmoment ( ) des Antriebsmotors (9) geschätzt wird oder das gewünschte Antriebsmoment (

) und die Ausgabe der Steuerung (13) beträgt.

14. Wäschebehandlungsmaschine mit

- einer Trommel (5),
- einem Antriebsmotor (9) zum Drehantreiben der Trommel (5) um eine Drehachse (10), und
- einerSteuereinheit (12), welche dazuausgebildet ist,mit einerSteuerung (13) ein Lastverhalten abzuschätzen,
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um eine Winkelgeschwindigkeit des Antriebsmotors (9) zu steuern, wobei die Steuereinheit (12) so ausgebildet
ist, dass

-‑ ein erster Arbeitsgang der Wäschebehandlungsmaschine (1) mit einer Beladung (L) in der Trommel (5)
durchgeführt wird, wobei die Steuerung (13) mit ersten Steuerungsparametern (P1) betrieben wird,

-‑einerstesDrehmomentsignal undeineAbleitung eineserstenWinkelgeschwindigkeitssignals
des Antriebsmotors (9) auf der Grundlage des ersten Arbeitsgangs bestimmt werden,
-‑ ein zweiter Arbeitsgang der Wäschebehandlungsmaschine (1) mit der Beladung (L) in der Trommel (5)
durchgeführt wird, wobei die Steuerung (13) mit zweiten Steuerungsparametern (P2) betrieben wird,

-‑ ein zweites Drehmomentsignal und eine Ableitung eines zweiten Winkelgeschwindigkeits-
signals des Antriebsmotors (9) auf der Grundlage des zweiten Arbeitsganges bestimmt werden, und
-‑ eine Trägheit Ĵt unter Verwendung der Gleichung

und
dadurch gekennzeichnet, dass:
ein Lastmoment (T̂L), welches von der Beladung (L) verursacht wird, in Abhängigkeit von dem ersten

Drehmomentsignal , dem zweiten Drehmomentsignal , der Ableitung des ersten

Winkelgeschwindigkeitssignals und der Ableitung des zweiten Winkelgeschwindigkeitssignals be-

stimmt wird, wobei das Lastmoment mithilfe eines Lastmomentbeobachters (19) bestimmt wird.

Revendications

1. Procédé pour estimer le comportement d’une charge dans une machine de traitement de linge avec les étapes
suivantes :

- mise à disposition d’une machine de traitement du linge (1) avec un tambour (5), un moteur d’entraînement (9)
pour faire tourner le tambour (5) autour d’un axe de rotation (10) et un contrôleur (13) pour réguler une vitesse
angulaire du moteur d’entraînement (9),
-miseenœuvred’unepremièreopérationde lamachinede traitementde linge (1)avecunecharge (L)à l’intérieur
du tambour (5), le contrôleur (13) étant actionné avec des premiers paramètres de contrôleur (P1),

- détermination d’un premier signal de couple et d’une dérivée d’un premier signal de vitesse
angulaire du moteur d’entraînement (9) sur la base de la première opération,
-mise enœuvre d’une deuxièmeopération de lamachine de traitement de linge (1) avec la charge (L) à l’intérieur
du tambour (5), le contrôleur (13) étant actionné avec des deuxièmes paramètres de contrôleur (P2),

- détermination d’un deuxième signal de couple et d’une dérivée d’un deuxième signal de vitesse
angulaire du moteur d’entraînement (9) sur la base de la deuxième opération, et
- détermination d’une inertie Ĵt avec l’équation

et caractérisé par :
la détermination d’un couple de charge (T̂L) provoqué par la charge (L) en fonction du premier signal de couple

, du deuxième signal de couple , de la dérivée du premier signal de vitesse angulaire et de la

dérivée du deuxième signal de vitesse angulaire, le couple de charge (T̂L) étant déterminé aumoyen d’un
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observateur de couple de charge (19).

2. Procédé selon la revendication 1, caractérisé en ce
que lapremièreopérationet/ou ladeuxièmeopérationsonteffectuéesàunevitesseangulaire cibledésiréeconstante
(ω*), tandis que, en particulier, une vitesse réelle (ω) oscille en fonction des paramètres du contrôleur (P1, P2) et de la
charge (L).

3. Procédé selon la revendication 1 ou 2, caractérisé
par l’étape de détermination d’une masse (m̂) de la charge (L) en fonction du couple de charge (T̂L).

4. Procédé selon au moins l’une quelconque des revendications précédentes, caractérisé
par l’étape de détermination d’une position angulaire de charge (α̂) de la charge (L) en fonction du couple de charge
(T̂L).

5. Procédé selon au moins l’une quelconque des revendications précédentes, caractérisé
par l’étape de détermination d’une inertie totale (Ĵt) de la machine de traitement de linge (1) et de la charge (L), dans
laquelle en particulier une inertie de charge (ĴL) est la différence entre l’inertie totale (Ĵt) et l’inertie de lamachine (Jm).

6. Procédé selon au moins l’une quelconque des revendications précédentes, caractérisé en ce

que le premier signal de couple ( ), le deuxième signal de couple ( ), le premier signal de vitesse angulaire
et le deuxième signal de vitesse angulaire sont transformés dans un domaine de fréquence.

7. Procédé selon au moins l’une quelconque des revendications précédentes, caractérisé en ce

qu’une première harmonique respective du premier signal de couple ( ), du deuxième signal de couple ( ),
du premier signal de vitesse angulaire et du deuxième signal de vitesse angulaire sont utilisées pour déterminer
l’inertie (Ĵt, ĴL) et/ou le couple de charge (T̂L).

8. Procédé selon au moins l’une quelconque des revendications précédentes, caractérisé en ce
que l’observateur de couple de charge (19) reçoit une position angulaire (Θ̂) du moteur d’entraînement (9) et/ou un
couple d’entraînement ( ) du moteur d’entraînement (9).

9. Procédé selon au moins l’une quelconque des revendications précédentes, caractérisé en ce
que l’observateur de couple de charge (19) détermine une erreur d’observateur (eobs) en fonction d’une position
angulaire (Θ̂) du moteur d’entraînement (9) et d’une position angulaire observée (Θobs).

10. Procédé selon au moins l’une quelconque des revendications précédentes, caractérisé en ce
que l’observateur de couple de charge (19) détermine des signaux d’observateur (k1, k2, k3) en fonction d’une erreur
d’observateur (eobs) et des coefficients d’observateur (K1, K2, K3) pour déterminer le couple de charge (T̂L) et/ou une
position angulaire observée (Θobs).

11. Procédé selon au moins l’une quelconque des revendications précédentes, caractérisé en ce
que l’observateurdecoupledecharge (19) détermineunepositionangulaireobservée (Θobs) en fonctiond’une inertie
totale (Ĵt) de la machine de traitement de linge (1) et de la charge (L).

12. Procédé selon au moins l’une quelconque des revendications 8 à 11,
caractérisé en ce
que lemoteur d’entraînement (9) est conçusanscapteur et que lapositionangulaire (Θ̂) dumoteur d’entraînement (9)
est estimée, en particulier au moyen d’un observateur de position (17).

13. Procédé selon selon au moins l’une quelconque de la revendication 8,
caractérisé en ce

que le couple d’entraînement ( ) du moteur d’entraînement (9) est estimé ou est le couple d’entraînement

souhaité ( ) et la sortie du contrôleur (13).

14. Machine de traitement de linge avec
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- un tambour (5),
- un moteur d’entraînement (9) pour faire tourner le tambour (5) autour d’un axe de rotation (10), et
- une unité de commande (12) configurée pour estimer un comportement de charge avec un contrôleur (13) pour
réguler une vitesse angulaire dumoteur d’entraînement (9), l’unité de commande (12) étant conçue de sorte que

-‑unepremièreopérationde lamachinede traitementde linge (1)avecunecharge (L)à l’intérieurdu tambour
(5) est effectuée, le contrôleur (13) étant actionné avec des premiers paramètres de contrôleur (P1),

-‑unpremier signal de couple et unedérivée d’unpremier signal de vitesseangulaire dumoteur
d’entraînement (9) sont déterminés sur la base de la première opération,
-‑ unedeuxième opération de lamachine de traitement de linge (1) avec la charge (L) à l’intérieur du tambour
(5) est effectuée, le contrôleur (13) étant actionné avec des deuxièmes paramètres de contrôleur (P2),

-‑ un deuxième signal de couple et une dérivée d’un deuxième signal de vitesse angulaire du
moteur d’entraînement (9) sont déterminés sur la base de la deuxième opération, et
-‑ une inertie Ĵt en utilisant l’équation

et
caractérisée en ce
que :
un couple de charge (T̂L) provoqué par la charge (L) est déterminé en fonction du premier signal de couple

, du deuxième signal de couple , de la dérivée du premier signal de vitesse angulaire et de

la dérivée du deuxième signal de vitesse angulaire, le couple de charge (T̂L) étant déterminé aumoyen
d’un observateur de couple de charge (19).
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