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(57) Abstract: The invention relates to a method and a device
for fault detection in the load path of a spindle actuator which
is provided for actuating an aerodynamically active surface, in
particular a high- lift surface (1, 2) of an aircraft, wherein the
spindle actuator (3) has a redundant load path which is formed
by a spindle (11) and a concentrically arranged secondary con-
nection (21) which are connected rotationally fixedly to one an-
other on the driven side and are coupled to the surface (1, 2) to
be actuated and which are assigned separate load paths (10, 20)
on the drive side, whereof the primary load path (10) contains
a primary spindle (11) which can be driven by a motor (14) and
can be fixed in its rotational movement by a primary brake (13),
and the secondary load path (20) contains the secondary inner
connection (21), which can be fixed in its rotational movement
by a secondary brake (23), and comprising at least one turning
position sensor (15) which is provided on the drive side with the
primary spindle (11) for generating output signals representing
the turning position of the spindle (11). According to the in-
vention, it is provided to fix the secondary connection (21) in
its rotational movement by means of the secondary brake (23)
and when the primary brake (13) is released, put the redundant
load path (10, 20) under load with a predefined torque by the
motor (4) driving the primary spindle (11) via the driven- side
rotationally fixed connection (29) of the primary spindle (11)
and the secondary connection (21) as far as the secondary brake
(23) fixing the secondary connection (21), and when a change
in the turning position which lies outside the tolerance range

predefined for an intact spindle actuator, is detected at the turning position sensor (15) coupled to the primary spindle (11), to deliver
an output signal indicating the detection of a fault.
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Method and device for fault detection in the load path of a

spindle actuator

The invention relates to a method for fault detection in the
load path of a spindle actuator which is provided for actuating
an aerodynamically active surface, in particular a high 1lift
surface of an aircraft, according to the preamble of claim 1, as
well as a device for fault detection in the load path of such a

spindle actuator according to the preamble of claim 11.

In high-lift systems of aircraft common today, the individual
high-1ift surfaces or flaps are actuated in a wmanner
mechanically coupled to one another by a central shaft line
driven by a central drive. Such a centrally driven high-lift
system is used, for example, in the Airbus 340 aircraft.
However, forward-looking developments are going towards high-
lift systems in which the flaps are actuated by electrically
triggered individual drives. Such individually driven flaps make
it possible to achieve high flexibility with regard to the
actuation of the flaps and allows functionalities of the high-
lift system which were not possible with the hitherto centrally
driven flaps. A flap system having such individual drives is
described, for example, in DE 103 13 728 Al. In one of the
exemplary embodiments described therein, two individual drives
are provided for actuating a single high-lift flap, which drives
are coupled to the flap at positions spaced apart from one
another and are electronically synchronised with one another as

well as with the individual drives of the other flaps.

In order that the flaps of a high-1lift system can reliably

absorb the high aerodynamic 1loads occurring during their
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deployment without any undesirable change in their position,
brakes are provided at suitable positions in the high-1lift
system by which means the shaft lines or drives can be fixed in
the respective position as required. In particular, in the event
of a rupture or other type of failure of load-bearing components
in the high-1lift system, which is highly improbable but cannot
be excluded, such brakes should prevent any uncontrolled sudden
change in the position of one or more of the high-lift flaps
with the consequence of flying states which can possibly no

longer be controlled.

The present requirements for safety in air transport require
that firstly all critical load paths of said type should be
designed as redundant so that in the event of failure of a
primary load path, its function is at least partially taken over
by a secondary load path and thus avoids a state which can no
longer be controlled and secondly, that measures are taken for
the early detection of already existing faults or faults being
notified in the critical components of the high-1lift system. In
particular, it is important to avoid so-called “hidden failures”
and to detect corresponding faults as far as possible within a

flight cycle.

It is the object of the invention to provide an improved method
and an improved device for fault detection in the load path of a
spindle actuators of the type specified initially. In
particular, early fault detection should be rendered possible,
which can be carried out routinely without major increased

expenditure and without maintenance activities.

The object is achieved by a method having the features of claim
1. The object is further achieved by a device having the

features of claim 11.
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Advantageous embodiments and further developments of the method

and device are specified in the respective dependent claims.

Exemplary embodiments of the method and device are explained

hereinafter with reference to the drawings.

Fig. 1 is a schematic top view of two flaps of a high-lift
system which are each actuated by two electronically triggered
and synchronised drives, wherein the individual drives are
implemented in the form of spindle drives with redundant load

paths, according to one exemplary embodiment of the invention;

Fig. 2 is a schematic cross-sectional view through a spindle
with redundant load path such as can be used in the individual

drives of the high-1lift system shown in Fig. 1;

Fig. 3 is a schematic diagram, partially in the form of a block
diagram, showing a spindle drive such as can be used as an
individual drive in the exemplary embodiment of the high-lift

system shown in Fig. 1;

Fig. 4 shows a simplified flow diagram of the essential process
steps in a fault detection according to an exemplary embodiment

of the invention; and

Figs. 5 and 6 each show, in simplified diagrams, the dependence
of a detected change in turning position on the torque exerted
on the primary spindle according to exemplary embodiments of the

invention.

Figure 1 shows schematically a top view of a part of a high-1lift
system of an aircraft, here in the form of two high-lift flaps
1, 2 provided on the wing trailing edge, each of which can be
actuated by two individual drives 3. The individual drives 3 are

configured in the form of spindle actuators which can each be
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driven by a motor 14. The spindle actuators 3 each have a
primary spindle 11 bearing a thread 12a that cooperates with a
spindle nut 12b. The spindle nut 12b 1is coupled to the
respective flap 1, 2 in a manner known per se and not shown in
detail in Fig. 1 such that when the spindle 11 rotates, a
corresponding change in the flap position is effected. Further
provided on each of the spindle actuators 3 is a respective
primary brake 13 which serves to fix the primary spindle 11 in a
predefined position and thus to fix the flap 1 or 2 against an

undesired change of its position.

As Figs. 2 and 3 show in detail, each of the spindle actuators 3
is provided with a redundant load path which is substantially
formed by two concentrically disposed spindles 11, 21 which are
connected rotationally fixedly to one another on the driven
side. The two spindles comprise a primary spindle 11 which is
configured in the form of an exterior tube as well as a
secondary inner connection 21 and which is  disposed
concentrically in said primary spindle. The concentrically
disposed elements, spindle 11 and inner connection 21, are
connected rotationally fixedly to one another on the driven side
at 29 and are coupled to the surface 1, 2 to be actuated in a
manner known per se. as has already been established previously,
via the spindle nut 12b disposed on the primary spindle 11,

which cooperates with the thread 12a provided there.

On the drive side, the spindle 11 and the inner connection 21
are assigned separate load paths 10, 20 of which a primary load
path 10, c¢f. Fig. 3, which contains the primary spindle 11, can
be driven by the motor 14 and can be fixed in the rotational
movement by means of the primary brake 13 which has already been
mentioned previously. A secondary load path 20 contains the
inner connection or secondary spindle 21 which for its part can
be fixed in its rotational movement by means of a secondary

brake 23 provided as a further brake.
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In the exemplary embodiment shown, the spindle head 16 contains
a deflecting gear 18 by which means the primary load path 10 is
brought together at right angles to the secondary load path 20.
Provided between the spindle head 16 and the driven-side end of
the spindle 11 and the secondary inner connection 21 is a double
flange connection 19 which forms a detachable connection for
both the primary spindle 11 and alsco for the inner connection

21.

Further provided on the drive-side end of the primary load path
10 comprising the primary spindle 11 and the secondary load path
20 comprising the inner connection 21 are respective turning
position sensors 15 or 25 which generate an output signal
representing the instantaneous turning position of the
respective spindle 11 and the inner connection 21 and therefore

of the flap drive.

As shown in Fig. 3, at least the motor 14, the primary and
secondary brakes 13 or 14 and the primary and secondary turning
position sensors 15 or 25 are each coupled to a control and
evaluation device 30 via corresponding control or signal lines.
Further components which are not presented in the invention can
also be coupled to the control and evaluation device 30 which
can be part of a computer-controlled device for commanding the

flaps of the high-1lift system.

The evaluation device 30 is provided to carry out fault
detection in the load path of the spindle actuator 3 which is
based on the fact that a defined twisting is executed in the
redundant load path 10, 20 by means of the motor 14 and this
defined twisting is detected by wmeans of the primary turning
position sensor disposed on the primary spindle 11. In this
case, an intact state of the spindle actuator 3 in which only a

defined slight torque-dependent twist occurs inside the primary
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spindle 11 and the inner connection 21 can be clearly
distinguished from a state in which a failure, for example, a
rupture in the primary spindle 11 or a rupture in the secondary,
inner connection 21 or at another point occurs in the primary
load path 10 and/or in the secondary load path 20. In this case,
larger twists would be detected since a defective load path
cannot absorb the torque exerted thereupon or can only absorb it

to a lesser extent.

At the same time, the inner connection 21 1is fixed in its
rotational movement by means of the secondary brake 23 and when
the primary brake 13 is released, the load path 10, 20 is put
under load with a predefined torque by the motor 14 from the
primary spindle 11 via the driven-side rotationally fixed
connection 29 of primary spindle 11 and secondary inner
connection 21 as far as the secondary brake 23 which fixes said
connection. This results in the said twisting within the
redundant load path 10, 20 which is detected at the turning

position sensor 15 coupled to the primary sensor 11. The

detected change in the turning position A¢ is then checked as to
whether it 1lies outside a tolerance range predefined for an
intact spindle actuator and if this is the case, this is
evaluated as the detection of a fault. This fault detection can
be controlled by the control and evaluation device 30, for

example, by software.

Figure 4 shows an overview of the essential individual process
steps in a fault detection executed in this manner. The fault
detection is started in S10. The secondary brake 23 is fixed in
20. In 830 it is checked whether the primary brake 13 is
released or optionally a corresponding signal is given. In S40

the motor 14 is driven with a predefined torque. In S50 the
change in the turning position A¢ is detected at the primary

position sensor 15. In S60 the change in the turning position A¢
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detected at the primary position sensor 15 is compared with a
predefined tolerance range. If the predefined tolerance range is
not exceeded, the fault detection is considered to be terminated
with negative result (S70), i.e. no fault was detected and the
spindle actuator 3 is considered to be intact. However, if an
exceeding of the predefined tolerance range is detected in S60,
a fault message is output in S80 which states that a defect is
present in the redundant load path 10, 20 of the spindle

actuator 3.

The redundant load path 10, 20 can be put under load with a
single predefined torque in the manner described and the change
in the turning position A¢ detected at the primary turning

position sensor 15 compared with a corresponding tolerance

range.

However, it can also be provided that the redundant load path
10, 20 is put under load with different predefined torques and
that the turning position changes detected by the turning
position sensor 15 are compared with corresponding different
respective tolerance ranges predefined for an intact spindle

actuator 3.

Figures 5 and 6 each show in simple diagram the dependence of

the change in the turning position A¢ detected at the turning
position sensor 15 coupled to the primary spindle 11 on the
torque M exerted by the motor 14 on the primary spindle 11.
Assuming that the elastic stiffness of the redundant load path
10, 20 against torsion is constant for small angles, the linear
relationship between these two quantities shown in each case by

a continuous line in Figs. 5 and 6 is obtained.

In Fig. 5 the redundant load path 10, 20 is put under load with

gradually increasing torque and the respectively detected change
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in the turning position A¢ is compared with corresponding
different tolerance range predefined for an intact spindle

actuator 3, which are depicted by dashed lines in the diagram.

In Fig. 6, on the other hand, the redundant load path 10, 20 is
put under load with continuously increasing torque and
accordingly, the detected change in the turning position A¢ is
compared with a continuous tolerance range, which are defined by

the dashed lines in the diagram.

For the fault detection, the redundant load path 10, 20 can
either be put under 1load in one direction of rotation in
accordance with the dependences shown in the right-hand side in
diagrams 5 and 6 or the redundant load path 10, 20 can be
successively or alternately put under load in both directions of
rotation with predefined torques, i.e. the motor 14 is
successively turned with a predefined torque first in one

direction and then in the other direction and in each case the
positive or negative change in the turning position A¢ is
detected so that the relationships between motor torque M and
change in the turning position A¢ shown on both sides in Figs. 5

and 6 are obtained.

There is also the possibility for a self-test of all the brakes
during a ground-check and testing the drive train for jamming by
selectively releasing the individual brakes and generating

torque by the motor.
Examples for the procedure:
Release both brakes 13, 23, then test for free running by

introducing torque from the motor: If negative: one brake cannot

be released or jamming (e.g. in the gears). The fault source can
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possibly be ascertained by measuring the stiffness of the drive

train using the method already described.

Release primary brake 13, apply secondary brake 23 then test for
free running by introducing torque from the motor 14. If free
running: secondary brake 23 is not connecting or produces too

little torque.

Release secondary brake 23, apply primary brake 13 then test for
free running by introducing torque from the motor 14. If free
running: secondary brake 23 is not connecting or produces too

little torque.

A rupture of the drive train (primary or secondary path) would
be detectable by inconsistency between the angle measured at the
motor 14 with the sensor 15 there and the angle measured at the
secondary brake 23 with the sensor 25 there, i.e. using a local
computer so that during operating of the landing flaps, the
brakes 13, 23 can be very rapidly activated locally to limit the
fault effects.

Executing the rotationally fixed connection 29 so that this can
also transfer axial loads but with defined axial play. This
ensures that in the event of rupture of the primary path 10, the
axial load can be taken over by the secondary path 20 and the
secondary axial bearing but the secondary path 20 is free from

axial loads in the fault-free state of the drive.

The control and evaluation device 30 can be provided to record

and store the change in the turning position A¢ detected at the
turning position sensor 15 as a function of the torque generated

by the motor 14.
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The fault detection can be repeated cyclically, preferably in a
specific phase of each £flight cycle, for example, at the
beginning of a flight cycle on the ground before take-off and/or
at the end of a flight cycle, again on the ground after landing.
Thus, the test can be carried out in a phase of the flight cycle
which is not c¢ritical for defective behaviour in the spindle
actuator 3 and can be brought about in the fastest possible

maintenance activity.

For logging the state of the spindle actuator 3, the recorded
and stored data of various successive fault detection processes
can be compared with one another and their chronology evaluated.
This can be used, for example, to detect in good time incipient
fatigue or another defect which is becoming apparent (e.g.
increased play of the gears) in the redundant load path 10, 20

and remedy this before a manifest failure occurs.

The fault detection according to the invention allows the use of
sensors already present in the high-lift system so that no
additional installation expenditure is required. Also, no
additional fault source <can be introduced by additional
components. The fault detection method can be implemented by
software in a control and evaluation device which is already
provided. It is possible to detect a possible fault in any
flight cycle at one or several particular time points. Repair

and maintenance work can be specifically targeted.
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Secondary load path

Secondary (inner) connection
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Secondary turning position sensor

Rotationally fixed connection

Control and evaluation device
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Claims

1. A method for fault detection in the load path of a spindle
actuator which is provided for actuating an aerodynamically
active surface, in particular a high-1ift flap (1, 2) of an
aircraft, wherein the spindle actuator (3) has a redundant load
path which is formed by a spindle (11) and a secondary
connection (21) which are connected rotationally fixedly to one
another on the driven side and are coupled to the surface (1, 2)
to be actuated and which are assigned separate load paths (10,
20) on the drive side, whereof the primary load path (10)
contains a primary spindle (11) which is driven by a motor (14)
and can be fixed in its rotational movement by a primary brake
(13), and the secondary load path (20) contains the secondary
inner connection (21}, which is in ©particular arranged
concentrically in the primary spindle (11), which can be fixed
in its rotational movement by a secondary brake (23), in which
output signals representing the turning position of the spindle
(11), which are generated by means of at least one turning
position sensor (15) which is coupled to the primary spindle
(11) on the drive side, are detected and evaluated,
characterised in that the secondary connection (21) is fixed in
its rotational movement by means of the secondary brake (23) and
when the primary brake (13) is released, the redundant load path
(10, 20) is put under load with a predefined torque by the motor
(4) driving the primary spindle (11) via the driven-side
rotationally fixed connection (29) of the primary spindle (11)
and the secondary connection (21) as far as the secondary brake
(23) fixing the secondary connection (21), and that when a
change in the turning position which lies outside the tolerance
range predefined for an intact spindle actuator, is detected at
the turning position sensor (15) coupled to the primary spindle

(11), this is evaluated as the detection of a fault.
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2. The method according to claim 1, characterised in that the
redundant load path (10, 20) is put under load with different
predefined torques and the changes in the turning position
detected at the turning position sensor (15) coupled to the
primary spindle (11) are compared with corresponding different

tolerance ranges predefined for an intact spindle actuator.

3. The method according to claim 2, characterised in that the
redundant load path (10, 20) is put under load with gradually

increasing torque.

4. The method according to claim 2, characterised in that the
redundant load path (10, 20) is put under load with continuously

increasing torque.

5. The method according to one of claims 1 to 4, characterised
in that the redundant load path (10, 20) is successively put
under load in both directions of rotation with predefined

torques.

6. The method according to one of claims 1 to 5, characterised
in that the change in turning position detected at the turning
position sensor (15) coupled to the primary spindle (11) is
recorded as a function of data representing the torque produced

by the motor (14) and stored.

7. The method according to one of claims 1 to 6, characterised

in that the fault detection is repeated cyclically.

8. The method according to claim 7, characterised in that the
fault detection is carried out at the beginning of a flight

cycle on the ground before take-off.
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9. The method according to claim 7 or 8, characterised in that
the fault detection is carried out at the end of a flight cycle

on the ground after landing.

10. The method according to claim 8 or 9, in conjunction with
claim 6 and 7, characterised in that the recorded and stored
data of several different fault detection processes are compared

with one another and evaluated.

11. A device for fault detection in the load path of a spindle
actuator which is provided for actuating an aerodynamically
active surface, in particular a high-1lift surface (1, 2) of an
aircraft, wherein the spindle actuator (3) has a redundant load
path which is formed by a spindle (11) and a secondary
connection (21) which are connected rotationally fixedly to one
another on the driven side and are coupled to the surface (1, 2)
to be actuated and which are assigned separate load paths (10,
20) on the drive side, whereof the primary load path (10)
contains a primary spindle (11) which can be driven by a motor
(14) and can be fixed in its rotational movement by a primary
brake (13), and the secondary locad path (20) contains the
secondary inner connection (21), which is in particular arranged
concentrically in the primary spindle (11), which can be fixed
in its rotational movement by a secondary brake (23), and
comprising at least one turning position sensor (15) which is
provided on the drive side with the primary spindle (11) for
generating output signals representing the turning position of
the spindle (11), and comprising a control and evaluation device
(30) which is coupled at least to the motor (14), the primary
brake (13) and the primary position sensor (15) and is provided
for detecting and evaluating output signals representing the
turning position of at 1least the primary spindle (11),
characterised in that the control and evaluation device (30) is
provided for fixing the secondary connection (21) in its

rotational movement by means of the secondary brake (23) and
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when the primary brake (13) is released, putting the redundant
load path (10, 20) under load with a predefined torque by the
motor (4) driving the primary spindle (11) via the driven-side
rotationally fixed connection (29) of the primary spindle (11)
and the secondary connection (21) as far as the secondary brake
(23) fixing the secondary connection (21), and that when a
change in the turning position which lies outside the tolerance
range predefined for an intact spindle actuator, is detected at
the turning position sensor (15) coupled to the primary spindle
(11), delivering an output signal indicating the detection of a

fault.

12. The device according to claim 11, characterised in that the
control and evaluation device (30) is provided to put the
redundant load path (10, 20) under load with different
predefined torques and to compare the changes in the turning
position detected at the turning position sensor (15) coupled to
the primary spindle (11) with corresponding different tolerance

ranges predefined for an intact spindle actuator.

13. The device according to claim 12, characterised in that the
control and evaluation device (30) is provided to put the
redundant load path (10, 20) under load with gradually

increasing torque.

14. The device according to claim 12, characterised in that the
control and evaluation device (30) is provided to put the
redundant load path (10, 20) wunder load with continuously

increasing torque.

15. The device according to one of claims 11 to 14,
characterised in that the control and evaluation device (30) is
provided to put the redundant load path (10, 20) successively
under load in both directions of rotation with predefined

torques.
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16. The device according to one of claims 11 to 15,
characterised in that the control and evaluation device (30) is
provided to record and store the change in turning position
detected at the turning position sensor (15) coupled to the
primary spindle (11) as a function of data representing the

torque produced by the motor (14).

17. The device according to one of claims 11 to 16,
characterised in that the control and evaluation device (30) is

provided to repeatedly carry out the fault detection cyclically.

18. The device according to claim 17, characterised in that the
control and evaluation device (30) 1is provided for fault
detection at the beginning of a flight cycle on the ground
before take-off.

19. The device according to claim 17 or 18, characterised in
that the control and evaluation device is provided for fault
detection at the end of a flight cycle on the ground after

landing.

20. The device according to claim 18 or 19, in conjunction with
claim 216 and 17, characterised in that the control and
evaluation device (30) is provided for comparing and evaluating
the recorded and stored data of several different fault

detection processes.
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