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(57) Abstract: The present invention provides a high lift system for an aircratt, which extends and retracts the landing flaps of the
aircratt in a fully electric manner. In this context, a fully electric drive is used, comprising an electric motor having an internal re -
dundancy, in such a way that the electric motor is configured as a fault-tolerant electric motor. It may thus be possible to do without
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HIGH LIFT SYSTEM FOR AN AIRCRAFT

Reference to related applications

This application claims the benefit of the filing date of German Patent Application
No. 102011 016 336.0 filed April 7, 2011 and of United States Provisional Patent
Application No. 61/473,030 filed April 7, 2011, the disclosure of which applications

is hereby incorporated herein by reference.

Field of the invention

The invention relates to driving lift systems in aircraft. In particular, the invention
relates to a high lift system for an aircraft, to an aircraft comprising a high lift system

and to the use of an electric motor to drive a high lift system.

Technological background

Conventional high lift systems comprise leading edge flaps (slats) and trailing edge
flaps (flaps), which are driven via a power control unit (PCU). This power control
unit generally consists of two hydraulic motors which are connected by a speed-
adding gear unit. The drive torque is transferred to the individual drive stations via a
transmission shaft system. Each drive station consists of a branch gear unit, a station
force limiting device and a planetary gear set (rotation actuator). From the planetary
gear set, the drive forces are introduced into the landing flap via lever arms. As a
result, the landing flap travels along a guide rail to the corresponding end position

which was previously specified via the switch in the cockpit (flap lever).

As well as the speed-adding gear unit, a torque-adding gear unit may also be used as

a coupling gear unit.
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In this context, for redundancy, in both cases the power control unit consists of two
motors interconnected by a gear unit. If a fault occurs in one of the two motors, the
high lift system is driven by the remaining, intact motor. Because of the rotational-
speed-adding gear unit, failure of one motor may cause the retraction and extension

time of the high lift system to double.

Furthermore, with speed-adding coupling gear units a brake and an actuation unit
may be required for each motor. If one of the motors cannot produce torque or can no
longer produce sufficient torque, the brake associated therewith may have to be
actuated, since otherwise the motor may adopt an undefined rotational speed which
may oppose the intended movement. In power control units having torque-adding
coupling gear units, a coupling is often further required in addition to the brake. The
actuation unit is known as a control valve in a hydraulic motor and as motor control

electronics (MCE) in an electric motor.

Furthermore, a number of components may be necessary for the required
redundancy. A coupling gear unit connecting the two drive trains may also be
necessary, and this may result in additional weight. If there is a fault, the high lift
system may only continue to be available at a reduced speed. This must be brought
about by the gear unit in the rotational-speed-adding solution, and it is intended in

the torque-adding solution so as to keep the component weight as low as possible.

For example, motors for high lift systems in which a coupling gear unit is configured
as a speed-adding gear unit may be used. Two hydraulic motors may be used, and
may form a first and a second drive train. In terms of the rotational speed, the

coupling gear unit connects the two drive trains in such a way as to add the speed.
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Summary of the invention

Providing an improved drive for a high lift system may be considered to be an object

of the invention.

The object of the invention is achieved by the subject-matters of the independent
claims. Further advantages and developments may be taken from the dependent

claims and the following description.

A high lift system for an aircraft, an aircraft comprising a high lift system and the use
of an electric motor as a drive for a high lift system are provided in accordance with

the features of the independent claims.

The disclosed embodiments apply equally to the high lift system, the aircraft and the
use of the electric motor. In other words, features which are disclosed in the
following in relation to the high lift system can also be implemented in the aircraft

and applied during the use of the electric motor.

One embodiment of the invention provides a high lift system for an aircraft which
comprises a fully electric drive. In this case, the drive comprises an electric motor
which drives a landing flap of the high lift system. The electric motor further has

internal redundancy based on redundant windings.

In this and in any other embodiment, these windings may expediently be configured
in such a way as to be largely mutually decoupled, mechanically, thermally and

magnetically, in relation to a fault occurring in a winding group.
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This redundant drive solution for the high lift system may make it possible to do
without a coupling gear unit. If there is a fault, there are no power losses, such as

reduced retraction and extension speed of the landing flaps.

In other words, the electric motor of the high lift system drive has a phase topology
having redundancy, making it a fault-tolerant electric motor. Since the high lift
system according to the invention constitutes a fully electric, internally redundant
drive solution for landing flaps of an aircraft, and does not require a coupling gear
unit because of the internal redundancy of the electric motor, there is only one drive

train in the electric motor.

In this context, it is noted that the high lift system according to the invention does not
have to have a coupling gear unit, but it is still possible for what is known as a
reduction gear unit to be used. With this gear unit, the high rotational speed of the
electric motor can be adapted to a desired rotational speed of the drive of the landing
flaps. However, it should be distinguished from a coupling gear unit, which is not
required for the high lift system according to the invention. In other words, the drive

does not comprise a gear unit in the electric motor.

A further advantage of the invention may be that if there is a fault, the high lift
system is available without any power losses, since the rotational speed of the
electric motor remains the same if a redundant part fails. Consequently, the workload
in the cockpit may not increase, despite the failure of a phase group. Also, the torque

may if desired be provided unreduced, as will be disclosed in the following.

In this and in any other embodiment of the invention, the term "landing flap", as well
as a leading edge flap, a trailing edge flap and a slat, should generally be understood

to be a component of an aircraft which is driven to increase or reduce the lift, and is



WO 2012/136804 PCT/EP2012/056350

10

15

20

25

therefore retracted and extended by the drive according to the invention. Further, any

embodiment disclosed in the following may comprise a landing flap of this type.

An advantage of this internally redundant solution of the drive of the high lift system
is that if a fault occurs, this has no effect on the rotational speed of the electric motor,
and that the high lift system can be retracted and extended at the same speed as is
conventional in fault-free operation. This means that at the level of the aircraft, there
are thus no compromises on power or functionality, even if a fault occurs in a

component.

In this drive solution for the high lift system, the power control unit (PCU) consists
of an electric motor, which has the redundancy based on a corresponding phase
topology. Further, a single brake for locking the system is sufficient for the high lift
system according to the invention, since there is only one motor shaft to be braked. A
coupling is also not required in the drive train. This saves on weight and results in

lower maintenance costs.

In this context, the electric motor in this and in any other embodiment may, in a
known manner, comprise permanent magnets on the rotor and different coils on the
stator. The coil or phase windings may be configured to be either distributed or
concentrated. The rotor is set in movement by corresponding actuation of the
individual windings or winding groups, since the rotor follows the external rotating

magnetic field.

In this context, in this and in any other embodiment, an aircraft may be an aeroplane,

a helicopter or a spacecraft.



WO 2012/136804 PCT/EP2012/056350

10

15

20

25

In a further embodiment of the invention, the internal redundancy is configured as an
m x n phase topology, n phases of the electric motor being combined into a phase
group in each case. This results in m submotors in the electric motor. Further, the
electric motor is configured in such a way that all m submotors are connected,

without a gear unit, to a single shaft of the electric motor.

For example, 3 x 3 topologies, 2 x 3 topologies, 5 x 1 topologies or 6 X 1 topologies

may be set up. However, other topologies are also possible.

In a further embodiment of the invention, the electric motor comprises only one drive

train.

The redundant windings within the individual coils of the electric motor result in m
submotors. Thus, by contrast with the prior art, it is not necessary to provide a
second, separate motor, and it is likewise not necessary to provide a coupling gear
unit which couples these two separate motors of these two separate drive trains. The
present invention avoids this, and discloses a completely internal redundant drive
solution. This reduces the susceptibility to faults, since there is no second motor or
coupling gear unit. This saves on additional weight and costs. In terms of the torques
thereof, the m submotors of the electric motor act on one and the same shaft of the

electric motor, without a gear unit connected in between.
Since there is only one shaft, the submotors are operated at the same rotational speed.
In a further embodiment of the invention, the individual submotors of the single

electric motor are configured in such a way that they each provide the same

rotational speed and/or the same torque.
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In this context, the individual submotors can be adapted accordingly by way of the
number of windings thereof and the electric current flowing therethrough. The
current can be controlled via control electronics. In this context, the current control

may be part of a control cascade having superposed speed and/or position control.

In a further embodiment of the invention, each of the m submotors provides a torque,
and the electric motor is configured in such a way that the torques of the submotors

are added together to drive the landing flaps.

As can be seen for example in Fig. 5 and 6, each individual torque of each submotor
acts on the same shaft, and as an overall result they are added to give a total torque

which is used to drive a landing flap in the high lift system.

In a further embodiment of the invention, the electric motor is configured in such a
way that if a submotor and/or a phase group fail, the rest of the electric motor

remains intact and can provide a predefined motor output power.

In this context, the predefined motor output power may correspond to the nominal

torque which is required for operating the high lift system.

In a further embodiment of the invention, the high lift system comprises the landing
flap, a predefined nominal torque being required for the electric motor to drive the
landing flap. Further, the electric motor is configured in such a way that ifa
submotor and/or a phase group fail, the nominal torque Mn for driving the landing

flap can be provided by the rest of the electric motor, which remains intact.
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In other words, the windings of the m submotors, the magnetic circuit and the control
units are adapted in such a way that m-1 submotors provide the required nominal

torque.

Electric motors are particularly suitable for short-term torque peaks, which may be
three to five times the nominal torque, depending on the type and configuration of

the motor.

In a further embodiment, the electric motor is configured to have multiple
redundancy, in such a way that if k submotors fail (with the restriction m>k>1), the
remaining m-k submotors of the electric motor remain intact and can provide the
nominal torque for driving the landing flap. If, in accordance with an embodiment,
the torque is distributed uniformly among the functioning submotors, the torque Mt
to be provided by a submotor comes to Mt=Mn/m-k. Thus, the fully intact electric
motor is configured in such a way that it can provide m/(m-k) times the predefined

nominal torque.

In a further embodiment, the electric motor has a 3 x 3 phase topology and the
electric motor has single redundancy, and thus each of the three submotors can

provide 50 % of the predefined nominal torque for driving the landing flap.

In other words, a fully intact electric motor of this type provides 150 % of the
predefined nominal torque. In the situation where a submotor fails, the two
remaining submotors together still provide the required power or the nominal torque
to be able to retract and extend the landing flaps safely and reliably at an unreduced

speed.
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In a further embodiment of the invention, the electric motor has a 2 x 3 phase
topology, the electric motor having single internal redundancy, and thus each of the
two submotors can provide a total predefined nominal torque for driving the landing

flaps.

In other words, this electric motor is dimensioned in such a way that in the intact
situation, where the two submotors are working reliably, double the nominal power
or double the nominal torque which is required for driving the landing flaps reliably
is provided. If one of the two submotors fails, the second submotor remains intact
and can safely and reliably ensure the extension and retraction of the landing flaps at
the unreduced speed by itself. This does not lead to a time delay, since both the
rotational speed and the nominal torque are provided by the remaining electric

submotor.

In a further embodiment of the invention, the drive comprises control electronics for
the electric motor. In this case, the control electronics are configured in such a way
that if a submotor and/or a phase group fail, an increase in current is brought about
within the remaining intact submotors and phase groups. The control electronics
carry out the current increase in such a way that it does not cause the torque to fall
below a nominal torque. For this purpose, the high lift system may comprise sensor
electronics, which detect the failure of a submotor and transmit a signal to the control

electronics of the electric motor to increase the current (compensation).

In a further embodiment, the current increase may also be provided indirectly by
engaging the superposed speed and/or position control. For this purpose, it is not
necessary for the fault to be detected by the control electronics or for there to be a

specific reaction to the occurrence of a fault.
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In a further embodiment of the invention, the high lift system is configured to drive

the landing flap exclusively electrically.

In other words, there is no hydraulic motor in the high lift system according to the
invention. There is also no combination of for example two hydraulic motors in a
duplex system, or a hybrid motor formed from a hydraulic motor and an electric

motor in a duplex system.

In a further embodiment of the present invention, the electric motor is configured in
such a way that if one or more submotors and/or a phase group fail, the rotational

speed of the electric motor is not affected.

Because of the arrangement according to the invention of the various submotors,
which are provided by the internally redundant drive solution by redundant windings
of the electric motor, and since these submotors all constitute a common drive train
and no coupling gear unit is used, the rotational speed of individual submotors of the
electric motor is not reduced if a submotor fails. Likewise, if the nominal torque is to
be kept constant if a failure occurs, according to the embodiment disclosed above,
the current can be increased or compensated using the control electronics. For this
purpose, the high lift system may comprise sensor electronics, which detect the
failure of a submotor and transmit a signal to the control electronics of the electric

motor to increase the current (compensation).

In a further embodiment of the invention, the drive comprises a single internally

redundant brake for locking.

In principle, any suitable prior art brake may be selected for this purpose. In further

embodiments, the brake may be selected from the group consisting of a hydraulic
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brake, an electric brake, a spring-actuated electrically releasable brake, a spring-
actuated hydraulically releasable brake, a permanent-magnet-actuated electrically
releasable brake, a spring-actuated electrically releasable brake having a magnet
winding and having an electronic unit for releasing the brake, and any combination

thereof.

In an advantageous embodiment, a brake can be used which is actuated, without any
external action, by one or more springs or one or more permanent magnets, and
which can be released electrically by an internally redundant electromagnet having at
least two redundant windings, in such a way that an electronic unit is associated with

each winding and can release the brake by passing current through the winding.

In this context, the magnetic component of the brake and the magnet body which
carries the flux are in any case only required in a simple configuration. The same

applies to the use of a hydraulically releasable brake.

A further embodiment of the invention provides an aircraft comprising a high lift

system according to any one of the preceding embodiments.

A further embodiment provides the use of an electric motor, having internal

redundancy as a result of redundant windings, as a drive for a high lift system.

A fundamental idea of the invention is to configure an electric motor redundantly in
terms of the wirings thereof, resulting in a plurality of independent submotors. These
submotors are actuated mutually independently. This electric motor, which has a
plurality of submotors as a result of the internally redundant solution, does not

require a coupling gear unit for the submotors, but provides a reliable redundant
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solution for driving a high lift system of an aircraft. In this context, the drive of this

high lift system still provides the same rotational speed even if a submotor fails.

In the following, exemplary embodiments of the invention are described with

reference to the figures.

Brief description of the figures

Fig. 1 is a schematic, two-dimensional drawing of a power control unit of a high lift

system according to an embodiment of the invention.

Fig. 2 is a schematic, two-dimensional drawing of a high lift system according to an

embodiment of the invention.

Fig. 3 is a schematic, two-dimensional drawing of an aircraft comprising a high lift

system according to an embodiment of the invention.

Fig. 4 and 5 are schematic, two-dimensional drawings of electric motors according to

embodiments of the invention.

The drawings in the figures are schematic and not to scale.

In the description of the figures, like reference numerals are used for like or similar
elements.

Detailed description of embodiments

Fig. 1 shows an embodiment of the present invention. Fig. 1 shows a fully electric,

internally redundant drive 200, which is used in a high lift system for an aircraft
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according to the present invention. The drive comprises an electric motor 201a,
which drives a landing flap (not shown) of the high lift system. In this context, the
electric motor 201a is distinguished by an internal redundancy resulting from

redundant wirings.

An internally redundant brake 202 is also shown; it should be emphasised that only a
single brake is required to lock the entire drive system. Control electronics 203a are
also shown, and actuate the phase groups of the various submotors of the electric
motor 201a. In this context, it is also possible for the individual submotors each to be
controlled separately by respective control electronics, as is shown for example in

Fig. 4.

The shaft 206, to which the electric motor 201a transfers the overall torque, is also
shown. A reduction gear unit 209 is also shown, with which the rotational speed of
the electric motor 201a can be adapted to the respective application. For example,
350 rpm is conventional for retracting and extending landing flaps. Other, different
values are also possible, however. Further, the predefined nominal torque may be
170 Nm. Other, different values are also possible, however. Further, sensors 204 and
205 are shown, the sensor 204 being used to compare whether the landing flaps are
being extended equally on the right and left wing of the aircraft. By contrast, the
sensor 205 communicates the values to the crew in the cockpit. Further, a sensor unit

208 is attached to the electric motor 201a.

An advantage of the invention is that if there is a fault, the high lift system is
available without power losses. Consequently, the workload in the cockpit does not

increase, in spite of the failure of a phase group.
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Fig. 2 shows a high lift system 300 for an aircraft having a fully electric drive 200
according to an embodiment of the invention. The drive has an electric motor 201a,
which drives the four landing flaps 3012a-301d shown here of the high lift system. In
this case, the electric motor 201a has an internal redundancy as a result of redundant
windings and is therefore a fault-tolerant electric motor. Based on the invention, it is
possible to do without a coupling gear unit in the electric motor. The internally

redundant brake 202 is further shown.

The two sensors 204 and 205, illustrated previously in Fig. 2, are also shown. The
reduction gear unit 304 is shown outside the electric motor 201a. Because of the
internally redundant drive solution of the high lift system 300, the occurrence ofa
fault has no effect on the rotational speed of the electric motor, in such a way that the
high lift system can be retracted and extended at the same speed as is conventional in
fault-free operation. This is made possible by the redundant winding, illustrated in
greater detail hereinafter in Fig. 5 and 6, of the coils of the electric motor. By means
of control electronics (not shown in this case), if a submotor fails, the torques of the

remaining motors can be increased by current compensation.

Fig. 3 shows an aircraft 400 comprising a high lift system 300, which has a fully
electric drive 200. In this case, what are known as flaptracks 401 are shown, in
addition to the components which are shown in Fig. 1 and 2 and which are
incorporated into the aircraft 400 in this case. In this aircraft, the high lift system 300
of Fig. 2 may for example be integrated with the fully electric, internally redundant
drive 200 of Fig. 1. Other combinations are also possible, however. One of the
motors from Fig. 4 and 5 may also be integrated into the aircraft 400. Other motors

according to the invention may also be used, however.
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Fig. 4 shows an electric motor 201b of a high lift system according to an
embodiment of the invention. In this case, the motor 201b is configured as an
internally redundant electric motor having a 3x3 phase topology. In other words, it
comprises three submotors, each having three windings. The individual 3 submotors
are actuated mutually independently by the control electronics 203b to 203d. The
shaft 206 is also shown in Fig. 5. The schematically shown current supply is denoted
by reference numeral 500. In other words, this motor comprises nine phases and
consists of three submotors. This motor may, according to the invention, be used to
drive a high lift system (300, not shown in this case) for an aircraft (400, not shown
in this case). This results in a high lift system which comprises a fully electric drive
(200, not shown in this case), the drive comprising an electric motor (201b) which
drives a landing flap (301a-301d, not shown in this case) of the high lift system. In
this context, the electric motor has internal redundancy based on redundant windings.
An advantage of the electric motor 201b is that if there is a fault, the high lift system
is available without any power losses, since the rotational speed of the electric motor
remains the same if a redundant part fails. Consequently, the workload in the cockpit
does not increase, despite the failure of a phase group. Also, the torque can if desired

be provided unreduced, as was disclosed previously.

Fig. 5 shows a further embodiment of an electric motor 201¢ having a 6x1 phase
topology. First and second control electronics 203e and 2031 are shown. However,
separate regulation or control of the phase groups is also possible, as is shown by
way of example in Fig. 4. The coils 600 can also be seen, and are located in the
region of the stator. The shaft 206 is also shown. This redundant drive solution for a
high lift system of an aircraft makes it possible to do without a coupling gear unit. It
can thus advantageously be made possible for there to be no power losses or
reduction in speed when retracting and extending the landing flaps in the case of a

fault. In other words, the electric motor 201¢ of the high lift system drive has a phase
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topology having redundancy, making it a fault-tolerant electric motor. Since the high
lift system according to the invention having this motor 201¢ constitutes a fully
electric, internally redundant drive solution for landing flaps of an aircraft, and does
not require a coupling gear unit because of the internal redundancy of the electric
motor, there is only one drive train in the electric motor. This saves valuable weight.

In other words, this drive does not comprise a gear unit in the electric motor 201c.

It should additionally be noted that the term "comprising" does not exclude other
elements or steps and the term "a" or "an" does not exclude a plurality. It should
further be noted that features or steps which have been described with reference to
one of the above embodiments may also be used in combination with other features
or steps of other embodiments or developments disclosed above. Reference numerals

in the claims should not be considered limiting.
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Claims

1. High lift system (300) for an aircraft (400), the high lift system comprising
a fully electric drive (200),

wherein the drive comprises an electric motor (201a, 201b, 201¢) which drives a
landing flap (301a-301d) of the high lift system, and

wherein the electric motor has internal redundancy due to redundant windings.

2. High lift system according to claim 1,

wherein the internal redundancy is configured as an m x n phase topology,

wherein n phases of the electric motor are combined into a phase group in each case,
resulting in m submotors, and

wherein the electric motor is configured in such a way that all m submotors are

connected, without a gear unit, to a single shaft of the electric motor.

3. High lift system according to one of claims 1 or 2,

wherein the electric motor comprises only one drive train (206).

4, High lift system according to one of claims 2 or 3,
wherein the individual submotors are configured in such a way that they each

provide the same rotational speed and/or the same torque.

5. High lift system according to any one of claims 2 to 4,
wherein each submotor provides a torque, and
wherein the electric motor is configured in such a way that the torques of the

submotors are added to drive the landing flap.



WO 2012/136804 PCT/EP2012/056350

10

15

20

25

-18 -

6. High lift system according to any one of claims 2 to 5,
wherein the electric motor is configured in such a way that if a submotor and/or a
phase group fail, a predefined motor output power can be provided by the rest of the

electric motor, which remains intact.

7. High lift system according to any one of claims 2 to 6,

wherein the high lift system comprises the landing flap (301a-301d),

wherein a nominal torque is required for the landing flap to be driven by the electric
motor, and

wherein the electric motor is configured in such a way that if a submotor and/or a
phase group fail, the nominal torque for driving the landing flap can be provided by

the rest of the electric motor, which remains intact.

8. High lift system according to any one of claims 2 to 7,
wherein the electric motor (201b) has a 3 x 3 phase topology, and
wherein the electric motor has single redundancy, and thus each of the 3 submotors

can provide 50 % of a predefined nominal torque for driving the landing flap.

9. High lift system according to any one of claims 2 to 7,
wherein the electric motor has a 2 x 3 phase topology, and
wherein the electric motor has single redundancy, and thus each of the two

submotors can provide a total predefined nominal torque for driving the landing flap.

10.  High lift system according to any one of claims 1 to 9,
wherein the drive further comprises control electronics (203a - 203f) of the electric

motor,



WO 2012/136804

10

15

20

PCT/EP2012/056350

-19-

wherein the control electronics are configured in such a way that if a submotor
and/or a phase group fail, they bring about an increase in current within the
remaining intact submotors and phase groups, and

wherein the control electronics are configured to carry out the current increase in

such a way that it does not cause the torque to fall below a nominal torque.

11.  High lift system according to any one of claims 1 to 10,
wherein the high lift system is configured to drive the landing flap exclusively

electrically.
12.  High lift system according to any one of claims 2 to 11,
wherein the electric motor is configured in such a way that a failure of a submotor

and/or a phase group does not affect the rotational speed of the electric motor.

13. High lift system according to any one of claims 2 to 12,

wherein the drive has a single internally redundant brake (202) for locking.

14.  Aircraft comprising a high lift system according to any one of claims 1 to 13.

15.  Use of an electric motor having an internal redundancy due to redundant

windings as a drive for a high lift system.
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