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Description

The invention relates to an electromotive furniture drive having at least
one motorized adjustment drive for motorized adjustment of at least one
furniture component, at least one control unit which is connected to a
motor control of the at least one adjustment drive, and at least one oper-
ating unit for operating the at least one adjustment drive, wherein the
control unit is designed, depending on the operating situation of the elec-
tromotive furniture drive, for controlling, for stopping and/or for temporar-
ily reversing a direction of rotation of at least one motor of the at least
one adjustment drive, wherein the at least one motor is designed as a
brushed DC motor.

In practice, such furniture drives are used, for example, for work tables
or functional furniture such as armchairs or sofas. Beds or lifts, as well
as patient lifts, are also possible applications for this type of furniture
drive. Operating situations can occur in the form of overload or in the
form of imminent danger to persons or objects, for example, if persons
or objects are located in a danger zone and a potential danger is not rec-
ognized by the operator.

Furniture drives with a control unit that intervene in the adjustment pro-
cess depending on the operating situation are known in the state of the
art. An increase in the motor current or a reduction in the motor voltage
is often detected and the operating situation is derived from this, for ex-
ample in the form of a jamming situation. In such a jamming situation,
the motor assigned to the adjustment function is then at least switched
off, and possibly also reversed for a short time.

To detect an increase in motor current, the prior art uses appropriate
sensors or shunts, as e.g. disclosed in the publication DE 44 44 762 A1.
Alternatively, the state of the art, for example the publication DE 10 2016
109 524 A1, provides vibration and acceleration sensors or piezo sen-
sors that are mechanically coupled to the adjustment drive or to a mov-
ing furniture component and detect a hard obstacle during the adjust-
ment process. Such sensors have proven their worth, but their use re-
quires a considerable amount of additional work in terms of assembly
and material input, since a printed circuit board with appropriate
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assembly and wiring to the outside is required in the respective adjust-
ment drive for connection to the control unit. Detection with additional
sensors is more reliable than evaluation of the level of the motor current,
but it complicates the design and assembly of the electromotive furniture
drive. As a further alternative a voice-controlled anti-jamming protection
is known from the publication WO 2019/145440 A1, wherein furniture
drives are switched off when certain key words that indicate an emer-
gency or dangerous situation are recognized.

The detection with additional sensors is more reliable than evaluating
the level of the motor current, but it complicates the design and installa-
tion of the assembly of the electric motorized furniture drive.

The object of the present invention is to provide an arrangement that is
improved over the evaluation of the magnitude of the motor current and
yet is easy to install.

This task is solved by an electromotive furniture drive with the features
of claim 1.

It is provided that the control unit is designed to evaluate a frequency of
a generated counter-EMF signal of the at least one motor. Since the mo-
tor of the positioning drive is designed as a DC motor with brushes, it
generates a counter-EMF (electromotive force) signal from which its ro-
tational speed can be derived. According to the invention, this signal is
used to detect a drop in the rotational speed, which indicates a collision
or a jamming incident.

This counter-EMF signal reflects the speed of the motor more reliably
than evaluating the level of the motor current. The counter-EMF signal
can nevertheless be obtained in an inexpensive manner from a meas-
urement of the motor current, so that no additional sensor technology is
required, which would complicate the design of the electromotive furni-
ture drive.

Since they are generated by the motor itself, the evaluated signals are
available at its connections. Since the connecting cable of the motor is
designed as a two-wire cable, standardized motors can be used and, at
the same time, it is advantageous to dispense with signal cables parallel
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to the motor cables. This saves assembly effort and material resources.
The motor itself is designed as a brushed DC motor with permanent ex-
citation. The typical operating voltage is less than 40 volts.

The counter-EMF is generated in direct dependence on the speed of the
motor and is present as an alternating or pulsating voltage signal with a
frequency that can be evaluated by the control unit. The control unit is
designed to evaluate the frequency of this alternating or pulsating volt-
age signal.

According to the invention the control unit is designed to perform a set-
point/actual comparison and to execute a switching operation if the fre-
quency of the signal falls below a predetermined threshold value and/or
if an absolute value of the change in the frequency per unit of time ex-
ceeds a predetermined threshold value. In one embodiment, the target-
actual comparison may also be event-related. Furthermore, the thresh-
old value may be event-related as a variable threshold value within pre-
determined limits.

In an advantageous embodiment, the target-actual comparison can also
be event-related. Furthermore, the threshold value can be designed as
an event-related variable threshold value within predetermined limits.

If the frequency falls below a previously defined and predetermined
threshold value, for example, this can be evaluated as an overload of the
variable speed drive, which leads to a shutdown of the respective motor.
The predetermined threshold value can be permanently programmed, or
can be based on events, for example the supply voltage, or can be se-
lected based on the situation. For example, a startup situation can be
distinguished from a continuation situation.

Alternatively or additionally the control unit performs an evaluation of the
frequency mentioned at the beginning as a function of time. If the evalu-
ated frequency changes by a predetermined value within a predeter-
mined period of time, this can be evaluated as a jamming case. The re-
spective motor is then switched off and/or, in one variant, can addition-
ally be operated for a short period in the other direction of rotation.
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The control unit is coupled to or integrated with a motor control unit. The
motor control comprises mechanical or electromechanical switches for
switching the respective motor on and off. For example, relays are used
which switch the motor current. Alternatively, electronic switches in the
form of semiconductor switches can be provided which switch the motor
current. The latter design can be of discrete construction or be present
as a compact component in the form of a so-called motor driver.
MOSFET (metal-oxide semiconductor field effect transistor) transistors
can preferably be used as semiconductor switches. These are charac-
terized by low voltage losses in a switched-on state, which reduces
losses and associated heat generation in the motor controller. In addi-
tion, the switching path (source-drain path) of a MOSFET exhibits the
behavior of an ohmic resistor in the switched-on state, which makes it
possible to use the switching path itself as a shunt for measuring the
motor current. Alternatively, the motor current can be measured using
an external current measurement sensor, e.g. an external shunt or a Hall
sensor. This type of current measurement is also suitable if the motor
control uses switches other than the MOSFETs mentioned. Such other
switches are e.g. relays, possibly in combination with manually switching
pushbuttons.

When using a motor driver, i.e. an integrated component which com-
prises the function of motor control, this can itself have an evaluation
and processing of the aforementioned alternating or thresholding signals
generated by the counter-EMF of the motor. Furthermore, the evaluation
and processing can take place in such a way that an electrical signal
corresponding to the speed of the motor is present at a signal output of
the motor driver. This signal can be in the form of a variable frequency or
a variable voltage.

Furthermore, the control unit is preferably equipped with a microcontrol-
ler on which an executable program runs. The program is designed to
record the threshold value(s) mentioned at the beginning, to perform the
setpoint/actual comparison mentioned at the beginning and to at least
switch off the respective motor in an event-oriented manner.

The event of a collision or a jamming case is characterized by the fact
that the speed of the motor reduces by more than a previously defined
threshold value within a predetermined period of time. According to the
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invention, this is detected by means of the frequency of the counter-EMF
signal of the motor, which is proportional to the speed of the motor. In or-
der to perform a robust determination of the frequency of the counter-
EMF signal that is not susceptible to interference, an averaging is ad-
vantageously performed over a current value of the frequency. Prefera-
bly, the averaging is performed as a moving average over a time window
of fixed width.

The invention is explained in more detail below with reference to exam-
ples of embodiments and figures. The figures show:

Figs. 1-3 each a schematic representation of an electromotive
furniture drive in a block diagram in each case.

Fig. 1 schematically illustrates a first embodiment of an electromotive
furniture drive. The illustration is in the form of a block diagram, without
reference to a piece of furniture in which the furniture drive is installed. In
the furniture, the furniture drive serves to adjust at least one furniture
component. The furniture can be, for example, a piece of seating or re-
clining furniture.

The furniture drive has a control unit 10 which is coupled to at least one
operating unit 20. Two different operating units 20 are shown by way of
example: a wired operating unit 21, which is connected to the control
unit 10 via a connecting cable 22, and a wireless operating unit 23,
which is connected to the control unit 10 via a radio link. The radio link is
symbolized by a radio signal 24 in Fig. 1.

Depending on the embodiment of the control unit 10, it may be provided
that only the wired operating unit 21 or only the wireless operating unit
23 can be used. In alternative embodiments, the wired or wireless oper-
ating unit 21, 23 can also be used alternatively, or both can be used in
parallel. The wireless operating unit 23 may be specially manufactured
for this purpose. Alternatively, it may also be possible to use a mobile
terminal, for example a smartphone, with appropriate software as the
wireless control unit 23.

The control unit 10 has a supply voltage connection 11 via which it is
supplied with operating current. There may also be a connection 12 for
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the wired control unit 21 and/or a receiver 13 for the radio signal 24 of
the wireless control unit 23.

In addition, the control unit 10 is connected via control lines 14 to a mo-
tor control unit 30 which controls a motor 40. The motor 40 is the motor
of an adjustment drive for adjusting the aforementioned furniture compo-
nent relative to a base frame of the furniture or relative to a further furni-
ture component which may also be adjustable. A brushed DC motor is
used as the motor 40.

Several adjustment drives can be used within a piece of furniture,
whereby the control unit 10 is preferably used jointly for all existing ad-
justment drives, whereas a motor control 30 is provided for each adjust-
ment drive.

The motor control unit 30 has a supply voltage terminal 31 which, like
the supply voltage terminal 11 of the control unit 10, is connected to a
power supply unit for supplying the furniture drive. This power supply
unit is not shown here. It can be implemented in a structural unit with
one or both of the units described, i.e. the control unit 10 and/or the mo-
tor control 30. Alternatively, it is conceivable to design the power supply
unit separately and to couple it to the motor control unit 30 and/or the
control unit 10. The power supply unit preferably outputs a very low DC
voltage, for example in the range of about 24-32 volts, at its outputs,
which is supplied to the control unit 10 and the motor control unit 30 as
supply voltage.

Switching elements 33 are arranged in the motor control 30, which ena-
ble switching the motor 40 on and off as well as a direction selection.
Semiconductor switches, in this case MOSFETs (metal-oxide semicon-
ductor field-effect transistors), are provided as switching elements 33 in
Fig. 1. These are arranged in the manner of an H-bridge, which permits
reversal of the direction of rotation of the motor 40. The switching ele-
ments 33 can be controlled in a pulse-width modulated manner in order
to influence a motor rotational speed or a motor torque and thus allow,
for example, a soft start of the motor 40.

During operation of the electric motor furniture drive, operating inputs of
a user at one of the operating units 20 are evaluated by the control unit
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10 and converted into control signals on the control lines 14, which con-
trol the motor control 30 according to the operation of the user. Within
the motor control unit 30, a measurement of the current drawn by the
motor 30 is made. Information reflecting the measured motor current is
fed back from the motor control 30 to the control unit 10 via a current
measurement line 15. This can be in the form of an analog signal or in
the form of digital data.

As will be explained in more detail below, an evaluation of the signals or
data of the current sensing line 15 is performed within the control unit 10
in order to detect a collision and/or a case of entrapment (jamming). As
a consequence of a detected collision and/or a jamming incident, the
motor control 30 can be controlled by the control unit 10 in such a way
that the motor 40 stops its movement or briefly changes its direction of
rotation and then stops in order to resolve a possible jamming incident.

In the embodiment example of Fig. 1, in which MOSFETSs are used as
switching elements 33, a voltage drop across the switching elements 33
can be evaluated as a measure of the motor current. Alternatively, it is
also conceivable that an additional current measurement sensor is pre-
sent, for example a Hall sensor or a shunt, via which the motor current is
determined.

Fig. 2 shows in the same way as Fig. 1 an alternative design of an elec-
tric motor furniture drive. With regard to the basic structure, reference is
made to the embodiment example of Fig. 1. The differences to this first
embodiment example are shown below.

Unlike the embodiment example of Fig. 1, the motor control 30 accord-
ing to Fig. 2 uses relays with corresponding switching contacts as
switching elements 33 instead of the MOSFETs of Fig. 1. Except for the
possibility of performing pulse-width modulated control of the motor 40,
the function of the relays as switching elements 33 is analogous to that
of the H-bridge with the MOSFETSs in the first embodiment example. In
Fig. 2, a rest position of both relays is shown, which is assumed when
there is no actuation at one of the operating units 20. In this rest posi-
tion, the motor 40 is short-circuited, which brakes it generatively.
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In order to measure the current of the motor 40, a separate current
measurement sensor 34 is provided here, which is arranged in a series
circuit with the motor 40. As already mentioned in connection with Fig. 1,
in which this type of current measurement was mentioned as an alterna-
tive, the current measurement sensor 34 can be a shunt sensor or a Hall
Sensor.

Finally, Fig. 3 shows a third possible embodiment of an electric motor
furniture drive.

In contrast to the previously described embodiments, here the motor
control 30 and an operating unit 20 are designed to be integrated in that
switching elements 33, which switch the motor current, are manually ac-
tuated pushbutton switches, which thus directly form the switches of the
operating unit 20. When one of the two switching elements 33 is manu-
ally actuated, the motor is switched on in a different direction of rotation
in each case.

Again, a current measurement sensor 34 is provided to perform a cur-
rent measurement and to provide the measured motor current to the
control unit 10 for evaluation via the current measurement line 15.

Accordingly, in this embodiment, the control unit 10 does not have any
connection options for a separate operating unit 20. In order to be able
to stop the motor 40 in the event of a detected collision or a jamming in-
cident, a higher-level switching element 35 is provided in the motor con-
trol unit 30, which can interrupt a supply voltage for the electric motor 40.
The higher-level switching element 35 is designed here, by way of ex-
ample, as a relay with a normally closed contact.

In all three embodiments shown, monitoring of the signal or data at the
current sensing terminal 15 occurs in the control unit 10 during operation
of the electric motor 40 to detect a collision and/or a jamming condition.
When the motor is a brushed DC motor, an alternating signal is superim-
posed on a DC component when the motor is rotated, which signal origi-
nates from the commutation of the motor and is also referred to as a
counter-EMF (electromotive force) signal. The frequency of the counter-
EMF signal is proportional to a speed of the motor.
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According to the application, the frequency of this signal and thus a fre-
quency proportional to the speed of the motor is now used to detect a
collision or a jamming incident. For this purpose, for example, a limit fre-
quency can be specified as a threshold value, the undershooting of
which indicates a collision or a jamming incident. Further, a rate of
change of the frequency can be observed. If the frequency changes dur-
ing operation at a rate whose value exceeds another predefined thresh-
old value, this also indicates a collision or a case of entrapment.

In a further development, it can be provided that the threshold value for
the frequency is not fixed, but is determined in one or more learning
runs. For this purpose, the positioning drive is actuated over the entire
travel range in a learning phase and the frequency of the counter-EMF
signal is measured. A minimum frequency value can then be detected
which is exceeded during the entire learning phase, i.e. at every position
within the entire travel range of the positioning drive. A tolerance frac-
tion, for example 20%, is subtracted from this minimum frequency value,
which is reached in the normal case, i.e. without collision or not in the
jamming incident, to form the threshold value. If this threshold value is
not reached during operation, this indicates a collision or jamming.

The threshold value can be the same over the entire travel distance of
the electromotive furniture drive, regardless of whether it is fixed or de-
tected in a teach-in run. However, it can also be provided that this
threshold value is defined in sections over the travel distance. For this
purpose, the travel distance can be divided into at least two, possibly
several or many sections, in each of which a separate threshold value is
specified or determined in a learning phase. This then takes into account
the fact that certain movement sections of the travel path are exposed to
different loads due to the lever kinematics of a furniture fitting that is
moved by the electric motor furniture drive, resulting in a different rota-
tional speed of the motor and thus frequency of the counter-EMF even in
normal operation, i.e. without collision and without a jamming incident. In
this embodiment, knowledge of the current position of the variable dis-
placement drive is necessary. This can also be detected, for example,
on the basis of a limit switch actuation with the aid of the counter-EMF
by counting pulses of the counter-EMF signal. The number of pulses
counted is then a measure of the current position of the positioning
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drive, which can then be used to call up the position-dependent thresh-
old value or determine it during a learning phase.
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List of reference signs

10
11
12
13
14
15

20
21
22
23
24

30
31
32
33
34
35

40

control unit

supply voltage connection
manual switch connection
receiver

control line

current measurement connection

operating unit (manual switch)
wired control panel
connection cable

wireless control panel

radio signal

motor control

supply voltage connection
motor connection

switching element

current measurement sensor
higher-level switching device

motor
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Patentkrav

1. Elektromotorisk mgbeldrev med mindst et motorisk justeringsdrev til motorisk
justering af mindst en mebelkomponent, mindst en styreenhed (10), som er for-
bundet med en motorstyring (30) i det mindst ene justeringsdrev, og mindst en
betjeningsenhed (20) til betjening af det mindst ene justeringsdrev, hvor styreen-
heden (10) afhaengigt af det elektromotoriske mobeldrevs driftssituation er udfor-
met til at aktivere, standse og/eller midlertidig vende mindst en motor (40) i det
mindst ene justeringsdrev via motorstyringen (30}, hvor den mindst ene motor (40)
er udformet som jeevnstremsmotor med barster, kendetegnet ved, at

styreenheden (10) er udformet til at analysere en frekvens af et mod-EMK-signal
genereret af den mindst ene motor (40) og som funktion af det analyserede signal
registrere og signalere en kollision og/eller en klemningshandelse, hvor kollisionen
og/eller klemningshaendelsen registreres, hvis den beregnede frekvens af signalet
kommer under en defineret taerskelvaerdi, og/eller hvis en absolutveerdi af en aen-

dring af frekvensen overskrider en yderligere defineret teerskelveerdi.

2. Elektromotorisk megbeldrev ifolge krav 1, ved hvilket styreenheden (10) er ud-
formet til, efter registrering af kollisionen og/eller klemningsheendelsen, at frakoble

den mindst ene motor (40) og/eller vende dennes omdrejningsretning.

3. Elektromotorisk mebeldrev ifelge krav 1 eller 2, ved hvilket taerskelveerdien

og/eller den yderligere taerskelveaerdi er fast definerede.

4. Elektromotorisk mebeldrev ifelge krav 1 eller 2, ved hvilket taerskelveerdien
og/eller den yderligere teerskelveerdi beregnes i en laeringsfase, i hvilken det mindst

ene justeringsdrev kerer uden kollision og/eller en klemningsheendelse.

5. Elektromotorisk mebeldrev ifolge et af kravene 1 til 4, ved hvilket teerskelveer-
dien og/eller den yderligere teerskelveerdi er konstant over hele det mindst ene

justeringsdrevs vandring.

6. Elektromotorisk mebeldrev ifolge et af kravene 1 til 4, ved hvilket taerskelveer-
dien og/eller den yderligere teerskelvaerdi er forskellig i forskellige afsnit af det

mindst ene justeringsdrevs vandring.
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7. Elektromotorisk mobeldrev ifglge et af kravene 1 til 6, ved hvilket taerskelveer-

dien og/eller den yderligere taerskelvaerdi varieres afheengigt af situation.

8. Elektromotorisk mebeldrev ifglge et af kravene 1 til 7, ved hvilket mod-EMK-
signalet opnas ved hjeelp af en maling af en driftsstrem i den mindst ene motor
(40).

9. Elektromotorisk mebeldrev ifglge krav 8, ved hvilket der er en stremmalesensor

(34) til stede i form af en shunt eller en Hall-sensor.

10. Elektromotorisk mebeldrev ifolge et af kravene 1 til 9, ved hvilket motorstyrin-

gen (30) har MOSFET-transistorer som koblingselementer.

11. Elektromotorisk mgbeldrev ifglge krav 9 og 10, ved hvilket en drain-source
koblingsstreekning af en af MOSFET-transistorerne benyttes som stremmalesensor
(34).
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