Office de la Proprieté Canadian CA 2596343 C 2015/04/14

Intellectuelle Intellectual Property

du Canada Office (11)(21) 2 596 343
Un organisme An agency of

d'Industrie Canada Industry Canada (12) BREVET CANADIEN

CANADIAN PATENT
13) C

(86) Date de depot PCT/PCT Filing Date: 2004/09/17 (51) Cl.Int./Int.Cl. HO2P 6/78(2006.01)
(87) Date publication PCT/PCT Publication Date: 2006/03/23 | (72) Inventeurs/Inventors:

1 . KELNHOFER, JUERGEN, DE;
(45) Date de délivrance/lssue Date: 2015/04/14 SCHERER. THOMAS. DE-

(85) Entree phase nationale/National Entry: 200//03/14 KALSOW, STEFFEN, DE;
(86) N° demande PCT/PCT Application No.: EP 2004/010512 BICCUM, ALVY, US;

o o MALJANIAN, JOHN, US;
(87) N° publication PCT/PCT Publication No.: 2006/029648 | EENHOUTS DAVID US:

HOJNOWSKI, WALTER S., US

(73) Proprietaires/Owners:
HAMILTON SUNDSTRAND CORPORATION, US;
AIRBUS OPERATIONS GMBH, DE

(74) Agent: BORDEN LADNER GERVAIS LLP

(54) Titre : DETECTION D'ETAT FONCTIONNEL D'UN MOTEUR ELECTRIQUE SUR LA BASE DE LA FORCE CONTRE-
ELECTROMOTRICE

(54) Title: COUNTER ELECTRO-MOTORIC FORCE BASED FUNCTIONAL STATUS DETECTION OF AN ELECTRO-
MOTOR

(57) Abréegée/Abstract:

The present invention relates to a circuit for detecting a functional status of an electro-motor. Typical electro-motors need additional
components to identify the functional status of the motor. This means additional weight for such motors determining the functional
status. According to the present invention a circuit Is provided using a part of a motor as a sensor for detecting the functional status
of the electro-motor.

SoTEN 7 [ ] ]
EORUIORIOR . o
Y T 7 7
b‘ --..-‘

R

C an a dg http:vopic.ge.ca - Ottawa-Hull K1A 0C9 - atp.//cipo.ge.ca OPIC

OPIC - CIPO 191




wO 2006/029648 A1 I B0 AL AN Y00 AL RE O 0O O

CA 02596343 2007-03-14

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization {4

International Bureau

(43) International Publication Date
23 March 2006 (23.03.2006)

(51) International Patent Classification : HO2P 6/18
(21) International Application Number:
PCT/EP2004/010512

(22) International Filing Date:
17 September 2004 (17.09.2004)

(25) Filing Language: English

(26) Publication Language: English

(71) Applicant (for all designated States except US): AIRBUS
DEUTSCHLAND GMBH [DE/DE]; Kreetslag 10, 21129
Hamburg (DE).

(72) Inventors; and

(75) Inventors/Applicants (for US only): KELNHOFER,
Jurgen [DE/DE]; Estebriiggerstr. 33, 21635 Jork (DE).
SCHERER, Thomas [DE/DE]; Tinsdaller Kirchen-
weg 228 A, 22559 Hamburg (DE). KALSOW, Steffen
[DE/DE]; Wikingstr. 9, 21129 Hamburg (DE).

(74) Agent: KOPF, Korbinian; Maiwald Patentwalts GmbH,
Elisenhof, Elisenstrasse 3, 80335 Miinchen (DE).

(10) International Publication Number

WO 2006/029648 Al

(81) Designated States (unless otherwise indicated, for every

kind of national protection available): AE, AG, AL, AM,
AT, AU, AZ, BA, BB, BG, BR, BW, BY, BZ, CA, CH, CN,
CO, CR, CU, CZ, DE, DK, DM, DZ, EC, EE, EG, ES, FI,
GB, GD, GE, GH, GM, HR, HU, ID, IL, IN, IS, JP, KE,
KG, KP, KR, K7, L.C, LK, LR, LS, LT, LU, L.V, MA, MD,
MG, MK, MN, MW, MX, MZ, NA, NI, NO, NZ, OM, PG,
PH, PL, PT, RO, RU, SC, SD, SE, SG, SK, SL, SY, TJ, TM,
TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, YU, ZA, ZM.,
ZW.

(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,
ZW), Burasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
European (AT, BE, BG, CH, CY, CZ, DE, DK, ELE, ES, FI,
FR, GB, GR, HU, IE, IT, LU, MC, NL, PL, PT, RO, SE,
SI, SK, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN,

GQ, GW, ML, MR, NE, SN, TD, TG).

Published:
with international search report

For two-letter codes and other abbreviations, refer to the "Guid-
ance Notes on Codes and Abbreviations" appearing at the begin-
ning of each regular issue of the PCT Gazette.

(54) Title: COUNTER ELECTRO-MOTORIC FORCE BASED FUNCTIONAL STATUS DETECTION OF AN ELECTRO-MO-

TOR

(57) Abstract: The present invention re-
lates to a circuit for detecting a functional
status of an electro-motor. Typical elec-
tro-motors need additional components to
identify the functional status of the motor.
This means additional weight for such mo-
tors determining the functional status. Ac-
cording to the present invention a circuit
is provided using a part of a motor as a
sensor for detecting the functional status
of the electro-motor.



10

15

20

235

30

CA 02596343 2007-03-14

WO 2006/029648 PCT/EP2004/010512

Counter electro-motoric force based functional status detection of an electro-motor

The present invention relates to the field of electro-motors. In particular the present
invention relates to a circuit for detecting a functional status of an electro-motor and

a corresponding method, and as well the present invention relates to a valve and an

airplane comprising such a circuit.

Today electro-motors are widely used electromechanical converters to convert an
electric current into a mechanical force. They are usually based on the physical
phenomenon of electromagnetic forces. An electric current produces a magnetic
field, which can have impact to another magnetic field near to the electric current.

Therefore, an electric current can be used to turn a magnetic rotor of an electro-motor

and a shaft, which is joined with the rotor.

On the other hand a changing magnetic field close to a wire produces a voltage in the
wire. This voltage is known as counter electro-motoric force or back electro-motoric

force. In this document the term counter electro-motoric force is used for such an

electro-motoric force.

A stepper motor is a special kind of an electro-motor. Typically, it has a plurality of
windings which are part of a stator and which have impact to a rotor wherein the
rotor could be built from a permanent magnet. An advantage of a stepper motor 1s
that, as it has a plurality of stator windings, thus, it can be exactly positioned.
Therefore, for a stepper motor a driver is required which controls the plurality of
windings of the stator. The driver of the stepper motor, for example, defines the
direction in which the electro-motor is turning by controlled energizing the different
windings of the electro-motor in a sequence corresponding to the direction of the

turning. The driver of the stepper motor 1s also able to control the speed of the

electro-motor.



10

15

20

CA 02596343 2012-08-23

Stepper motors can be used in a variety of applications where a controlled mechanical force 1s
required and could be used for example to control a valve of an air conditioning system in an
airplane. It is necessary to determine the position of the valve to be able to send the right control
impulses to the electro-motor to control the aperture of the valve. Therefore, usually additional
sensors are required to determine the position of the valve. These additional sensors mean

additional weight, which could, in the case of airplanes, be a disadvantage.

Another option for determining the position of for example a valve would be to 1dentity the
functional status of the electro-motor, which is controlling the valve. Functional status means

that by analyzing whether the electro-motor is turning or not and how long it 1s turning, the

position of maybe a valve 1s determinable.

[t is an objective of the present invention to provide an improved electronic circuit for detecting a

functional status of an electro-motor.

According to an aspect of the present invention, the above objective may be solved by a circuit
for detecting a functional status of an electro-motor, comprising a sensor and a detection unit
wherein the sensor is a part of the electro-motor. The detection unit 1s adapted to detect the

functional status of the electro-motor wherein the functional status of the electro-motor 1s one of

a turning functional status and a locking functional status.

Advantageously, the circuit might be able to detect the actual status of the electro-motor. Thus 1t

can identify if the electro-motor is turning or if it is locked. In the case where the shaft of the
electro-motor is not blocked by an obstacle, the shaft might turn according to control signals,
which the electro-motor receives by a driver of the electro-motor. If, otherwise, the shaft 1s
locked then the electro-motor could indicate that something is blocking the shaft at the moment.

Analyzing the
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functional status of the electro-motor might give a control unit the possibility to react according

to the functional status.

The sensor being a part of the electro-motor advantageously may save weight in contrast to
having an additional element to detect the functional status of the electro-motor. So an integrated
sensor in the electro-motor could help to save weight of an airplane using a circuit according to

the present invention.

According to another exemplary embodiment of the present invention, the sensor further
comprises a coil wherein the coil is adapted such that a rotor of the electro-motor induces a

counter electro-motoric force in the coil when the rotor 1s turning.

The induction of a counter electro-motoric force in the coil represents a feedback signal of the
motor about the actual functional status. If the electro-motor is turning, including the turning of
the rotor, the counter electro-motoric force is induced. This kind of a teedback signal might be
seen as a translation of a mechanical value in an electronic value. This translation into an

electronic value could make it possible to use an electronic circuit to analyse the actual

functional status.

According to another exemplary embodiment of the present invention, the coil 1s a winding of a
stator of the electro-motor. Using the stator winding of the electro-motor as a coil may allow to

use of a part of the motor as the sensor. So it could be possible to gain a feedback signal from the

electro-motor without having to have additional components for such a feedback mechanism.

According to another exemplary embodiment of the present invention, the circuit further
comprises a differential amplifier. The differential amplifier comprises a first and a second nput

wherein the first input is connected to a supply voltage and the second input 1s connected to the

co1l.
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A differential amplifier is able to subtract two input voltages and to generate at its output a signal

representing the difference of the input voltages. As the counter electro-motoric force 1s a

voltage as well as the supply voltage is a voltage it might be possible to compare these two

signals by subtracting them.

According to another exemplary embodiment of the present invention, the differential amplitier
comprises a first output. The differential amplifier 1s adapted to generate at this first output one
of a first differential signal and a second differential signal. When the electro-motor 1s turning,
the differential amplifier generates at 1ts first output the first differential signal which
corresponds to the turning functional status of the electro-motor. When the shatft of the electro-
motor 1s locked and the electro-motor is blocked, at the first output of the ditferential amplitier
the second differential signal 1s generated which corresponds to the locking functional status of
the electro-motor. The first and the second differential signal differ at a sample time point. The
sample time point lies in a sample time interval and can be used to sample the first and the

second differential signal and to differ them.

Advantageously, at the first output of the differential amplifier a characteristic time dependent

signal could be generated dependently of the functional status of the electro-motor. So only the
output of the differential amplifier may has to be analyzed to detect the actual functional status of
the electro-motor. As the output signal corresponding to the turning functional status and the
output signal, corresponding to the locking functional status of the electro-motor, have different

characteristics, they might be differentiated. It might be possible to differ both signals by just

comparing one sample value taken at the sample time point to detect 1f the first or the second

differential signal 1s the actual signal at the first output of the differential amplifier.

According to another exemplary embodiment of the present invention, the circuit further

comprises a sample and hold circuit. The sample and hold



10

15

20

25

CA 02596343 2012-08-23

circuit is connected to the first output of the differential amplifier. The sample and hold circuit 1s
also connected to a driver of the electro-motor. The driver of the electro-motor 1s adapted to

trigger the sample and hold circuit to sample one of the first differential signal and the second

differential signal at the sample time point.

Advantageously, the sample and hold circuit is able to just measure a value at a defined time and
store the value until the value i1s processed by a subsequent analyzer. Using the driver of the
electro-motor as the trigger for the sample and hold circuit could make 1t possible to synchronize
the sampling of the signal in accordance with a rotation of the electro-motor. The trigger time

point 1s a periodical signal so i1t might relate to the rotation of the electro-motor.

As a winding of the stator of the electro-motor 1s used as a sensor 1t might be advantageous to
adjust the sample time point to the rotation of the electro-motor. It might be that the winding of
the stator 1s used to turn the motor. Therefore, the winding of the stator 1s loaded with a current
to produce a magnetic field to turn the rotor wherein the rotor could comprise a permanent
magnet. So 1n the time when the coil 1s loaded with current 1t may not be used to gather a counter
electro-motoric force. The driver of the electro-motor knows when the coil 1s loaded with current
and could theretore trigger the sample and hold circuit at a right time. The right time could be a
moment 1n time when the first differential signal and the second differential signal differ and the
coll 1s unloaded. As the sample and hold circuit the different time dependent first and second
differential signals are reduced to discrete values representing the functional status of the electro-

motor.

According to another exemplary embodiment of the present invention, the circuit further
comprises a comparator. The comparator has a third and a fourth input and a second output. The
third input of the comparator 1s connected to the sample and hold circuit. The fourth input of the

comparator 1s connected to a reference voltage. The comparator 1s adapted to compare the third

input with the
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fourth input and is able to provide at the second output a third signal wherein the third signal

corresponds to the functional status of the electro-motor.

The comparator is able to compare two voltages. As the first differential signal and the second
differential signal differ at the sample time point, advantageously it could be possible by
comparing the third input of the comparator with a reference value, it the first or the second
differential signal is available. In other words, the first and the second differential signals are
periodical functions of a voltage over the time. The voltage of the first differential signal and the
second differential signal differ at the sample time point. Sampling these periodical tunctions at
the sample time point reduces the detecting of a time function to the detection of a discrete
voltage value. To identify the actual discrete voltage value and to 1dentify the actual functional
status, the comparator 1s used. The discrete value at the second output of the comparator

corresponds to the functional status of the electro-motor.

According to another exemplary embodiment of the present invention, the circuit further
comprises a display wherein the display 1s adapted to show the functional status of the electro-
motor. Providing a display advantageously can make 1t possible to visualize the tfunctional status
of the electro-motor. So 1t might be possible to quickly get an overview of the actual functional

status ot the electro-motor.

According to another exemplary embodiment of the present invention, the circuit further
comprises a microprocessor. The microprocessor 1s adapted to send a control signal to the
electro-motor wherein the control signal is one of a signal controlling the electro-motor to turn in
a first direction and a signal controlling the electro-motor to turn in a second direction. The
microprocessor further 1s adapted to determine the functional status ot the electro-motor
corresponding to the control signal. So the microprocessor 1s able by analyzing the functional

status of the electro-motor to detect an operability of the electro-motor
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wherein the operability corresponds to a duration of a turning functional status between a first

and a second locking functional status.

A microprocessor advantageously could be used to define the operability of a mechanical
system, for example, it could be an indication for the operability of a mechanical system that a
certain sequence of functional stati of the electro-motor follows a controlling signal. So 1t could
be an indication of the operability of a system, that a certain duration for a turning functional
status is detected between two locking functional stati. The microprocessor might
advantageously be able to control the electro-motor and analyze the response of the electro-
motor, so that the microprocessor just provides a signal whether the system 1s operable or not.

This might be necessary to make checks of systems in an airplane before a maintenance.

According to another exemplary embodiment of the present invention, a valve 1s provided which
1s controlled by an electro-motor comprising a circuit according to an exemplary embodiment of

the present invention.

Usually valves are controlled by electro-motors. For determining the operability usually these
valves have additional position detectors. Using an electro-motor with a circuit according to the
present invention could make 1t possible to use a valve without additional position detectors.

Therefore, it could be possible to save weight for such a valve.

An airplane may comprise a circuit according to the present invention.
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According to another exemplary embodiment of the present invention, a method for detecting a

functional status of an electro-motor by means of a sensor, which 1s part of the electro-motor, 1s

provided.

According to another exemplary embodiment of the present invention, a method for detecting a
functional status of an electro-motor 1s provided. A rotor of an electro-motor 1s turning in a first
direction and induces a counter electro-motoric force in a coil. This counter electro-motoric force
can be compared with a supply voltage and one of a first differential signal and a second
differential signal can be generated. The first differential signal corresponds to a turning
functional status of the electro-motor and the second differential signal corresponds to a locking
functional status of the electro-motor. The first and the second differential signal differ at a
sample time point. So one of the first differential signal and the second differential signal is
sampled at the sample time point. One of the first differential signals and the second differential
signal 1s compared with a reference voltage and so the functional status of the electro-motor is

determined and can be provided.

It may be seen as the gist of the exemplary embodiment of the present invention that a functional
status of an electro-motor can be provided by using a circuit in combination with a sensor,
wherein the sensor 1s a part of the electro-motor. This allows weight to be saved for a system

which 1s able to determine the functional status of the electro-motor.

These and other aspects of the present invention will become apparent from and elucidated with

reference to the embodiments described hereinafter.

Exemplary embodiments of the present invention will be described in the following with

reference to the following drawings:
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Fig. 1 shows a symbolic block diagram of an exemplary embodiment of the present

invention.
Fig. 2 shows a schematic representation of a stepper electro-motor.

Fig. 3 shows a logical structural layout of a circuit for detecting a functional status of

an electro-motor according to an exemplary embodiment of the present invention.

Fig. 4 shows a time diagram of a first differential signal representing a turning

functional status.

Fig. 5 a shows a time diagram of a second differential signal representing a locking

functional status.

Fig. 6 shows a flowchart of a method for detecting a functional status of an electro-

moftor.

Fig. 7 shows an aircraft comprising a circuit according to the present invention.

Fig. 1 shows a symbolic block diagram of an exemplary embodiment of the present
invention. The block indicated by number 2 represents a driver for the stepper motor
48. The driver 2 1s responsible for defining a direction in which the stepper motor is
turning and a rotation speed of the stepper motor 48. Therefore, the driver 2 sends
controlling signals to the stepper motor 48. The stepper motor 48 can be used to
move a mechanical system like a valve 49. In the stepper motor 48 a sensor 50 is
integrated which is able to 1dentify the functional status of the electro-motor 48. The
sensor 50 might be a coil of the stepper motor 48 with the advantage that no

additional devices need to be added to the stepper motor 48 to determine the actual

status of the stepper motor 48.
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The signals determined by the sensor 50 are received by a functional status detection
unit 52. The functional status detection circuit 52 is an electronic circuit, which 1s
able to deliver discrete signals in accordance with a functional status of the stepper
motor 48. There are two possible functional stati of the stepper motor 48, namely, a
turning functional status, corresponding to a turning of the stepper motor 48 and the
shaft 56, and a locking functional status, corresponding to a locking status of the
stepper motor 48 and the shatt 56. The functional status detection unit 52 is
triggered by the stepper motor driver 2. Therefore a connection between the

functional status detection unit 52 and the stepper motor driver 2 is available.

A discrete functional status value provided by the functional status determination
circuit 52 is provided to an evaluation unit 54. The evaluation unit 54 can for
example be a display 53 which shows the actual functional status or a microprocessor
55 which is able to process the received functional status and to analyze the signals.

A microprocessor 55 might be necessary if a sequence of functional stati has to be

analyzed.

Fig. 2 shows the schematic representation of a stepper electro-motor 48. The stepper
motor 48 comprises a rotor comprising a permanent magnet with a magnetic south
pole 22 and a magnetic north pole 23. In the middle of the rotor a shaft 56 1s
positioned which rotates if the stepper motor 48 1s switched on. Crosswise around
the rotor in steps of 90 degrees the stators of the stepper motor 48 are positioned.
The stators comprise windings 14, 16, 18 and 20 and cores surrounded by the
windings. A current flowing through each of the windings 14, 16, 18 and 20 causes
the stator to build a magnetic pole. This polarity of the stator attracts the relevant

pole 22 or 23 of the rotor. With the rotor also the shaft 56 turns since the rotor is in a

stable position wherein opposite poles lie opposite to each other.

To rotate the electro-motor 48 the stepper motor driver 2 controls the flow of the
current through the windings 14, 16, 18 and 20 in an alternating sequence. In other

words, to rotate the rotor and shatt 56, for example, clockwise, the driver 2 loads a
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current in the first phase 6 to let the current flow from the voltage supply 4 through
winding 14 back to the first phase 6 producing a magnetic polarity on the stator
winding 14 which attracts the relevant magnetic pole 22 or 23. Then the driver 2
switches the current onto the second phase 8 and lets the current flow from the
voltage supply 4 to winding 16 back to the second phase 8. The stator of winding 16
has now the same magnetic polarity that had have before the stator of winding 14 and
now the magnetic field of winding 16 attracts the pole 22 of the rotor which results in
a rotation of 90 degrees of the shaft. The same is then done with the third phase 10
and winding 18 and then with the fourth phase 12 and winding 20. Then 1t starts
again with the first phase 6 and winding 14. To rotate the shaft 56 in the other

direction the sequence is run through in the reverse order.

As can be seen from the above, to rotate the shaft of a stepper motor a winding of the
stator is only energized for a short time. In the rest of the time a winding 1s not
energized by the driver 2 so that the physical phenomenon of induction generates in a
free winding a counter electro-motoric force (EMF). The counter EMF only appears
as long as the rotor comprising the permanent magnet 22, 23 1s in rotation. So the

presence of an EMF is an indication of a turning functional status of the stepper

motor 48.

Fig. 3 shows a logical structural layout of a circuit for detecting a functional status of
an electro-motor 48 according to an exemplary embodiment of the present invention.
The figure shows the driver 2 which controls the stepper motor 48. By energizing in
a defined sequence the phases 6, 8, 10 and 12 and also the relevant windings 14, 16,
18 and 20 of the stator of the electro-motor 48, the driver 2 invokes a rotation of the
electro-motor 48 and the shaft 56. The circuit 52 for detecting the functional status
of the electro-motor 48 1s connected to the lead 4 and to one of the phases 6, 8, 10 or
12. Lead 4 has the potential of a supply voltage. In Fig. 3 circuit 52 for detecting the
functional status of the electro-motor 48 is connected to the fourth phase 12. The
supply voltage 4 is connected to the first input of the differential amplifier 24. The
signal of phase 12 is connected to the second input 28 of the differential amplifier 24.
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The signal of phase 12 is a voltage too. The amplifier 24 subtracts the signals on the
first input 26 and on the second input 28 and provides the result on the first output
30. Dependent on the functional status of the electro-motor 48 the signal on the
second input 28 of the differential amplifier has a characteristic format. Thus, the
signal provided at the first output 30 has a characteristic format as well. It 1s a
function of a voltage over the time. Two different formats of the signal at the first

output 30 of the differential amplifier can be differentiated.

The first differential signal 64 corresponds to the turning functional status of the
electro-motor 48. The second differential signal 62 corresponds to the locking
functional status of the electro-motor 48. Both these differential signals are
periodical signals and the difference between them is most obvious at a sample time
point, which lies in a sample time interval 58, 60. The relevant differential signal of
output 30 is provided to input 32 of the sample hold circuit 36. The sample and hold
circuit 36 is able to sample an input signal at a defined time point. The time point
when the sample and hold circuit 36 samples the input signal on input 32 is defined
by the trigger connected to input 34 of the sample and hold circuit. The input 34 1s
connected to the driver 2 of the stepper motor 48. The driver 2 has detailed
information about the rotation of the rotor. Therefore, it is possible to trigger the
sample and hold circuit 36 at the time point when the first differential signal
corresponding to a turning functional status of the electro-motor 48 and the second
differential signal corresponding to a locking functional status of the electro-motor
48 differ most obviously. Sampling the signal on input 32, which is one of the first
differential signals 64 and the second differential signal 62 at the sample time point
makes it easier to detect the actual differential signal. The sample value of the

sample and hold circuit 36 is provided to a low pass filter 38 to smooth the signal

before the signal receives the third input 42 of a comparator 44.

The fourth input 40 of the comparator 44 is connected to a reference voltage 41. The
comparator 44 is able to compare the signal on the third input 42 with the signal on

the input 40 and indicate if the signal on input 42 1s lower or higher as the reference
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voltage 41 of the fourth input 40. If the signal on the third input 42 is lower than the
reference voltage 41 of the fourth input 40, the result on the second output 46 of the

comparator 44 indicates the turning functionality of the electro stepper motor.

Otherwise, if the signal on the third input 42 is higher than the reference voltage 41,
the signal on the second output 46 indicates the locking status of the electro stepper
motor 48. Therefore, the signal at the second output 46 of the comparator 44 1s a
discreet value indicating the functional status of the motor. The signal, for example,
could be used by a post processor, for example, for visualizing the status on a display

53 or the signal could be used analyzing the functional status with a microprocessor
55.

It is possible to use a microprocessor 55 as an evaluation unit 54 to send a control
signal to the driver 2. The microprocessor 55 controls the electro-motor 48 via the
driver 2 with a program which would be used under normal conditions. For
example, the electro-motor 48 could be used to control a valve. An operational
condition for a valve 49 means that, for example, in a closed position the shaft of a
motor is locked. This locking functional status has to be detected by the micro-
controller. Then the micro-controller can switch the direction for turning the electro-
motor 48 and as a result it will receive, on the second output 46 of the comparator 44,
a signal corresponding to the turning functional status of the electro-motor 48. This
signal will be received by the evaluation unit 54 for a certain duration of time until
the valve 49 will lock the shaft 56 of the electro-motor 48 indicating that it reached
an end position. From that moment on the microprocessor 55 again will receive a
locking functional status of the electro-motor 48. By analyzing the sequence of the
locking functional status and the turning functional status in combination with the
duration for the turning functional status the microprocessor 55 will be able to

identify the operability of the valve.

Fig. 4 shows a time diagram of a first differential signal 64 representing the turning

functional status. The figure shows a plot of the first differential signal 64. On the x-
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axis the time is printed and on the ordinate the voltage of the signal 64. For example,
the shaft 56 of the stepper motor 48 is turning with 540 steps per second. The first
differential signal 64 is taken from the first output 30 of the differential amplifier 24
when the electro-motor 48 is turning without being blocked. As can be seen from
Fig. 4 the first differential signal 64 1s a periodical sigﬁal. Therefore the signal is
repeated after a duration 59. A periodical signal is typical for rotations. Comparing
the first differential signal 64 with the second differential signal 62 it can be seen that
in the time intervals 58 and 60 both signals 64 and 62 differ most obviously. For
example, the value for the first differential signal 64 in the area of 58 and sample
interval 60 can be -16 Volt. So sampling the first differential signal 64 at a time
point of the interval 58 or 60 is most reliable for the differentiation of the first
differential signal 64 and the second differential signal 62. In the last quarter of the
signal 64 a rectangular format 61 of the signal 64 can be seen. In this example the
signal 64 is generated by subtracting the supply voltage on lead 4 and the signal on
the fourth phase 12. The rectangular area 61 1is the area when phase 12 and winding

20 are energized by the driver 2 and cannot be used for detecting the signal.

Fig. 5 shows the time diagram for a second differential signal representing a locking
functional status. Similar to Fig. 4, Fig. 5 shows the second differential signal 62 at
the first output 30 of the differential amplifier 24. On the x-axi1s the time is printed
and on the ordinate the voltage of the signal 62. The electro-motor 48 1s controlled
by the driver 2 to rotate with 540 steps per second but the motor shaft 1s locked. The
value of the signal in the sample time interval 58 and 60 1s 0 Volt. So taking a
sample time point in the time interval 58 or 60 makes 1t possible, with high
reliability, to differentiate between the first differential signal 64 and the second

differential signal 62 by just sampling one value at the sample time point.

Fig. 6 shows a flowchart of a method for detecting a functional status of an electro-
motor. Step S1 indicates that the rotor of an electro-motor is turning in a first
direction. While the rotor 1s turning, and as the rotor comprises the poles 22 and 23

of a permanent magnet, a counter electro-motoric force is induced in the coil 14, 16,
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18 or 20 dependent on the position of the poles 22 and 23 of the permanent magnet
of the rotor. Comparing the counter electro-motoric force of the supply voltage 4 by
subtracting the counter electro-motoric force and the supply voltage 4 in step S3
generates in step S4 one of a first differential signal 64 and a second differential
signal 62. The first differential signal 64 corresponds to a turning functional status of
the electro-motor. The second differential signal 62 corresponds to a locking
functional status of the electro-motor 48. In step S5 the relevant differential signal is
sampled at the sample time point. The result signal of the sampling in step S6 1s
compared with a reference voltage 41. In step S7 the actual functional status of the

electro-motor is determined and in steps 8 the functional status of the electro-motor

48 1s provided.

Fig. 7 shows an aircraft comprising a circuit according to the present invention.

It should be noted that the term “comprising” does not exclude other elements or

XA b

steps and the “a” or “an” does not exclude a plurality and that a single processor or
system may fulfil the functions of several means recited in the claims. Also elements

described in association with different embodiments may be combined.

It should also be noted that any reference signs in the claims shall not be construed

delimiting the scope of the claims.
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THE EMBODIMENTS OF THE INVENTION IN WHICH AN EXCLUSIVE
PROPERTY OR PRIVILEGE IS CLAIMED ARE DEFINED AS FOLLOWS:

[. Circuit for detecting a functional status of an electro-motor having a plurality of
stator windings, the circuit comprising:

a sensor comprising one of the plurality of stator windings of the electro-motor;

a detection unit comprising a differential amplifier;

wherein the sensor is a part of the electro-motor;

wherein the detection unit is adapted to detect the functional status of the
electro-motor;

wherein each of the plurality of stator windings has one end which is connected
with a lead having the potential of a supply voltage;

wherein the differential amplifier comprises a first and a second input;

wherein the first input is connected to the lead;

wherein the second input is connected to another end of one of the plurality of
stator windings of the electro-motor;

wherein the functional status of the electro-motor is one of a turning functional

status and a locking functional status.

2. Circutt of claim 1,

wherein the differential amplifier comprises a first output;

wherein the difterential amplifier is adapted to generate at the first output one of
a first differential signal and a second differential signal;

wherein the first differential signal corresponds to the turning functional status
of the electro-motor;

wherein the second differential signal corresponds to the locking functional
status of the electro-motor;

whereln the first differential signal and the second differential signal differ at a
sample time point;

wherein the sample time point lies in a sample time interval.
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3. The circuit of claim 2, wherein the detection unit further comprises:

a sample and hold circuit;

wherein the sample and hold circuit is connected to the first output of the
differential amplifier;

wherein the sample and hold circuit is connected to a driver of the electro-
motor;

wherein the driver of the electro-motor is adapted to trigger the sample and hold
circuit to sample one of the first differential signal and the second difterential signal at

the sample time point.

4. The circuit of claim 3, wherein the detection unit further comprises:

a comparator;

wherein the comparator has a third and a fourth input;

wherein the comparator has a second output;

wherein the third input of the comparator is connected to the sample and hold
circuit;

wherein the fourth input of the comparator 1s connected to a reference voltage;

wherein the comparator is adapted to compare the third input with the fourth
Input;

wherein the comparator 1s adapted to provide at the second output a third signal;

wherein the third signal corresponds to the functional status of the electro-

motor.

5. The circuit of claim 4, further comprising;:
a display;
wherein the display is adapted to show the functional status of the electro-

motor.

6. The circuit of claim 4, further comprising:

a mICroprocessor;
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wherein the microprocessor is adapted to send a control signal to the electro-
motor;

wherein the control signal is one of a signal controlling the electro-motor to turn
in a first direction and a signal controlling the electro-motor to turn in a second
direction;

wherein the microprocessor is adapted to determine the functional status of the
electro-motor corresponding to the control signal;

wherein the microprocessor is adapted to analyze the functional status of the
electro-motor:

wherein the microprocessor is adapted to detect an operability of the electro-
motor;

wherein the operability corresponds to a duration of a turning functional status

between a first and a second locking functional status.

7. Valve, controlled by an electro-motor,

wherein the electro-motor comprises the circuit of claim 1.

8. Airplane, comprising the circuit of claim 1.

9. Method for detecting a functional status of an electro-motor, having a plurality of
stator windings, by means of a sensor, which is part of the electro-motor, wherein the
sensor comprises one of the plurality of stator windings of the electro-motor, wherein
cach of the plurality of stator windings has one end which is connected with a lead
having the potential of a supply voltage, the method comprising the steps of:

connecting a first input of a differential amplifier to the lead;

connecting a second input of the differential amplifier to another end of one of
the plurality of stator windings of the electro-motor;

turning a rotor of an electro-motor in a first direction;

inducing a counter electro-motoric force in the one of the plurality of stator
windings;

comparing the counter electro-motoric torce with the supply voltage;
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detecting a functional status of the electro-motor;
wherein the functional status of the electro-motor is one of a turning functional

status and a locking functional status.

10. The method of claim 9, further comprising the steps of:

generating one of a first differential signal and a second differential signal;

wherein the first differential signal corresponds to a turning functional status of
the electro-motor;

wherein the second differential signal corresponds to a locking functional status
of the electro-motor;

wherein the first differential signal differs from the second differential signal at
a sample time point;

sampling one of the first difterential signal and the second differential signal at
the sample time point;

comparing one of the first differential signal and the second differential signal
with a reterence voltage;

determining the functional status of the electro-motor; and

providing the functional status of the electro-motor.
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