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The present invention relates to a device for detecting synchronous errors of high-lift surfaces such as landing flaps or slats on
alrcraft, comprising an optical conductor which Is laid over at least two adjacent high-lift surfaces, a light source and an optical
recelver which are allocated to different ends of the optical conductor, as well as an evaluation unit for determining a synchronous
error of the high-lift surfaces on the basis of the light signal recelved from the optical recelver. According to the invention, the device
IS characterized In that the optical conductor is laid in such a way that the optical conductor experiences a break-free deformation
due to synchronous errors and conseguently causes a change of the transmitted light signals, and that the evaluation unit
compares the signal shape of the light signal received from the optical recelver or an optical receiver output signal derived
therefrom with a nominal signhal shape and determines the presence of a synchronous error on the basis of the deviation in shape
between the recelved light signal or the optical receiver output signal derived therefrom and the nominal signal.
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Abstract

The present 1invention relates to a device for detecting
synchronous errors of high-1lift surfaces such as landing flaps
or slats on aircraft, comprising an optical conductor which is
laid over at least two adjacent high-lift surfaces, a 1light
source and an optical receilver which are allocated to different
ends of the optical conductor, as well as an evaluation unit for
determining a synchronous error of the high-1ift surfaces on the
basis of the light signal recelved from the optical receiver.
According to the invention, the device is characterized in that
the optic‘al conductor 1s laid 1n such a way that the optical
conductor experiences a break-free deformation due to synchronous
errors and consequently causes a éhange of the transmitted light
signals, and that the evaluation unit compares the signal shape
of the light signal received from the optical receiver or an
optical receiver output signal derived therefrom with a nominal
signal shape and determines the presence of a synchronous error
on the basis of the deviation in shape between the received light
signal or the optical receiver output signal derived therefrom

and the nominal signal.
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Device For Detecting Synchronous Errors Of High-Lift Surfaces
On Aircraft

The present invention relates to a device for detecting
synchronous errors of high-1lift surfaces such as landing flaps
or slats on aircraft, comprising an optical conductor which is
laid over at 1least two adjacent high-l1ift surfaces, a 1light
source and an optical receiver which are allocated to different
ends of the optical conductor, as well as an evaluation unit for
determining a synchronous error on the basis of the light signal

received from the optical receiver.

Usually, in aircraft wings, there are several high-lift surfaces
or flaps in the form of slats and/or landing flaps arranged
adjacent to one another. These are normally operated
synchronously with appropriate flying manoeuvres. If this
results in ruptures in the suspension or breakdown or jamming of
the control elements of these high-1lift surfaces, one or even
more of the adjacent high-lift surfaces can no longer be extended
to the desired degree. On the one hand, this results in unwanted
rolling moments of the aircraft due to asymmetry, on the other
hand, in high mechanical stresses of the flap bodies and the
remaining intact drive line as well as of the structure of the

wing case.

Various detection systems have already been proposed to identify

such synchronous errors of the movable high-lift surfaces.
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According to a first solution, proximity switches or angle
sensors detect the extended position of the high-1lift flaps on

the basis of the Kkinematics thereof. The synchromism is
electronically monitored on the basis of the signals of these
sensors. However, sensor systems of this type are constructed

in a comparatively complex manner.

Another known detection system for synchronous errors of this
type is the so-called lanyard system 1in which a rope 1is placed
over the span of the wing to be monitored, said rope being
fastened to the outer end of the flap body on the outside of the
wing and connected with a switch to the flap body on the inside
of the wing. When synchronous errors occur, the rope is pulled
tight due to the changed length of the built-in area, as a result
of which said switch is actuated. Due to the large span of the
rope, however, this system does not exhibit a very sensitive

response behaviour.

Furthermore, it has already been proposed to detect the
aforementioned synchronous errors by a so-called overload
detector. The increased friction or blockage caused by the skew
in the flap gulde releases the corresponding overload safety
device of the flap drive system. However, with this system, the
drive and the corresponding structural components experience

comparatively high mechanical stresses since the system.doés not

respond until the overload is reached.

A device of the aforementioned type is known from EP 1 029 784
Bl. An optical fiber cable is led over all of the guiding edges/
high-1ift surfaces of an aircraft wing and provided for
transmitting a light signal generated by a light signal generator
on one end of the cable to a light signal detector on the other
end of the cable. The optical cable is thereby led at each
transition point between two adjacent high-1lift surfaces through
two control elements which are directly adjacent to one another

and belong to various high-lift surfaces. The cable is thereby
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led through elongated slits in the control elements, so that
slight misalignments do not have any effect on the cable.
However, if the relative movement between two adjacent high-1lift
surfaces exceeds the permissible degree of tolerance defined by
the elongated slits, the cable is cut by the two control elements
sliding past one another, so that the signal transmission is
interrupted by the optical conductor cable. The breakdown of the
signal at the optical receiver is detected as a synchronous error
by the evaluation unit connected therewith. Of course, the
disadvantage of this previously known system is the fact that it
is already destroyed when synchronous errors occur for the first
time and the optical cable must be replaced accordingly. To
avoid this, according to a second embodiment described in EP 1
029 784 Bl1l, the cable should have a nominal rupture point in the
form of a plug/socket connection between each of the two control
elements of the respectively adjacent high-1ift surfaces. After
the synchronous error which has occurred has been eliminated, the
corresponding segments of the optical conductor cable can be
reconnected via the plug/socket arrangement. However, this
arrangement of plug/socket connections between each pailr of
control elements on adjacent high-lift surfaces is relatively

extensive, in particular in 1ts assembly.

Thus, the object of the present 1invention 1is to create an

improved device of the aforementioned type to detect synchronous
errors of high-1lift surfaces on aircraft which avoids the
disadvantages of the prior art and further develops the latter
in an advantageous manner. In particular, a simply constructed
system with high response sensitivity should be created which

enables repeated operations without extensive intermediate

maintenance.

According to the invention, this object is sclved by a device
according to Claim 1. Preferred embodiments are subject of the

‘dependent claims.
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Thus, according to the invention, the optical conductor is laid
in such a way that it experiences a break-free deformation due
to synchronous errors which causes a change of the respectively
transmitted light signal. The evaluation unit is designed in
such a way that it compares the signal shape of the light signal
received from the optical receiver or of the optical receiver
output signal generated therefrom with the shape of a nominal
signal and determines the presence of a synchronous error on the
basis of the deviation between the shape of the optical receiver
signal and the nominal signal. In particular, the device is
designed free of signal interruptions which would split the
optical conductor when there are synchronous errors. There is
no mere in/out detection, but a qualitative detection of the
signal shape arriving at the optical receiver. The invention is
based on the finding that a break-free deformation of the optical
conductor changes 1its reflex index, so that a change of the
transmitted light signal occurs corresponding to the deformation
of the conductor. Accordingly, by detecting the deviation of the
received signal from a nominal signal, conclusions can be made
about the deformation of the optical conductor and, as a result,
about the presence of a synchronous error. Therefore, it is only
necessary to install the optical conductor at the transitional
points between adjacent high-1lift surfaces in such a way that a
relative moment between the adjacent high-1ift surfaces produces
a changed laying pattern of the optical conductor, so that it
experiences a deflection and/or, perhaps, a compression or
expansion which leads to a change of the light transmission
characteristic of the conductor, 1in particular of its reflex

1ndeXx.

In a further embodiment of the invention, a pulse generator is
provided as light source, said pulse generator producing a pulse-
shaped sequence of light signals in a predeterminable signal
shape. The generated light pulses can be sinusoidal in shape,

but also rectangular or triangular.
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Deviations of the received light signal or of the corresponding
optical receiver output signal from the corresponding nominal
signal can be determined on the basis of various signal
characteristics. To this end, the evaluation unit can record the
pulse length, the pulse distance between successive light pulses,
the pulse amplitude, the pulse slope and/or the pulse pattern and
compare them with the respective nominal values. A deviation
showing a synchronous error can be 1indicated when one of the
variables, or even not until several of the variables
characterizing the received signal, deviates from the

corresponding nominal variables.

The nominal signal and/or the values characterizing it can be
stored in a storage unit connected with the evaluation unit, so
that the evaluation unit ascertains the change of the transmitted
light signal due to a changed laying pattern of the optical
conductor by a comparison with the stored nominal signal or the
stored values. Alternatively, the evaluation unit can also
directly compare the 1light signal arriving at the optical
receiver with the light signal produced at the light source and
determine whether any deviations that might be detected are
untypical, i.e. do not correspond to those deviations which are
produced in an undeformed optical conductor. The advantage of
the latter is that the evaluation during ensuing changes at the
light source are automatically adapted. The aforementioned
design, which conducts an adjustment with stored signal values,

is characterized by simplified signal processing.

In a further development of the invention, the optical conductor
is laid in a semispan manner over all adjacent high-l1ift surfaces
which belong to a group of high-1ift surfaces. As a result, by
laying a single optical conductor, all high-lift surfaces of the
respective group, e.g. the landing flaps of an aircraft wing, are

nonitored.

The invention will be described in greater detail in the
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following with reference to a preferred embodiment and associated

drawings, showing:

Figure 1: a schematic top view onto an aircraft wing with three.
movable high-1lift surfaces on the wing guide edge and
the device associated therewith for monitoring
synchronous errors of the high-1ift surfaces, wherein
the high-lift surfaces are shown 1in a synchronous
state of motion without synchronous errors and the

corresponding optical signals at the light source and

the optical receilver, and

Figure 2: a schematic top view onto the wing of Fig. 1, whereby
the high-1ift surfaces are shown 1in an extended
position with a synchronous error at the central
high-1lift surface and the signal changes resulting
therefrom at the optical receiver.

As Figs. 1 and 2 show, several high-1ift surfaces 2 which can be
moved by two control elements 3 and 4 each between a retracted
and an extended position are provided on the guide edge of the
aircraft wing 1. In normal operation, the control elements 3 and
4 of all high-lift surfaces 2 are moved synchronously to one
another, so that there is no relative movement between adjacent
high-1ift surfaces 2 and the associated control elements 3 and
4.

As Fig. 1 shows, an optical conductor 5 is placed over all high-
1ift surfaces 2. In the embodiment shown, the optical conductor
5 is thereby fastened to the control elements 3 and 4. On a
first end of the optical conductor 5, a 1light source 6 is
provided which is a light diode in the embodiment shown and forms

a light pulse generator.

' The optical conductor 5 transmits the light signals produced by

the light source 6 to an optical receiver 7 which is situated on
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the other end of the optical conductor 5 and which 1s a
photodiode in the embodiment shown. The optical receiver 7 forms
a receiver sensor which converts the received light pulses into
an electric signal shape which 1is evaluated by an evaluation unit

8 connected with the optical receiver 7.

I1f, as provided, the high-lift surfaces 2 operate synchronously
with one another, the laying pattern of the optical conductor 5
is only slightly affected by elastic deformations of the wing 1
when in operation. However, if the synchronism of the system is
disturbed on one of the high-1ift surfaces 2, e.g. by a
mechanical blockage 1in the flap guide or by a so-called
disconnect, then the laying pattern of the optical conductor 5
is changed at the transition between two adjacent high-1lift
surfaces 2, as shown in Fig. 2. The optical conductor 5 1is
thereby fastened to the control elements 3 and 4 of the high-1ift
surfaces 2 1n such a way that a synchronous error and with it a
relative movement between two adjacent control elements 3 and 4
of two adjacent high-1lift surfaces 2 leads to a deformation of
the optical conductor 5 which results in a change of the reflex
index of the conductor, so that the 1light pulses which are
transmitted by the optical conductor 5 from the light source 6
to the optical receiver 7 are changed in their signal shape. As
Fig. 2 shows, especially the light pulse can be jammed in this
case, i.e. the pulse amplitude can be reduced, the pulse length
increased, the pulse distance reduced, the pulse slope reduced
and, on the whole, the pulse pattern can be changed in such a way
that the sole provided per se between two light pulses is no

longer reached (see Fig. 2).

The evaluation unit 8 compares the signal shape which arrived at
the optical receiver or the electric signal emitted accordingly
by the optical receiver with the nominal signal, just as would
be present in an undeformed optical conductor 5 on the optical
receiver and shown 1in Fig. 1. The change 1s identified as an

error by the evaluation unit 8, whereupon the switching off of
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the drive system for the movement of the high-1lift surfaces 2 is

initiated and a warning message is issued to the pilot.

The described device for detecting synchronous errors of the
high-1lift surfaces 2 has no moving parts and, in this respect,
is wear-free and maintenance-free. As a result of the fact that
the optical conductor 5 is not severed as in the prior art when
a synchronous error occurs, but 1is only deformed without
breaking, a repeated operation of the detection system 1is

possible without extensive interposed maintenance steps.

In comparison with the prior art with the so-called lanyard
system, an increased response sensitivity 1is obtained. In
addition, in comparison to the previously known solutions with
angle sensors and proximation switches, it 1is clearly less

complex and thus more reliable and less expensive.

In comparison to systems which are not switched off until the
overload has been reached, a lower component stress i1s obtained,
as a result of which the drive and structural components can be

designed for lower stresses, which results in a lower aircraft

welght.

In addition, the device 1is distinguished by a very high degree

of resistance to environmental influences.
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Patent Claims

1. A device for detecting synchronous errors of high-1lift
surfaces (2) such as landing flaps or slats on aircraft,
comprising an optical conductor (5) which is laid over at
least two adjacent high-lift surfaces (2), a light source
(6) and an optical receiver (7) which are allocated to
different ends of the optical conductor (5), as well as an
evaluation unit (8) for determining a synchronous error of
the high-1ift surfaces (2) on the basis of the light signal
received from the optical receiver (7), characterized 1in
that the optical conductor (5) is placed in such a way that
the optical conductor (5) experiences a Dbreak-free
deformation due to synchronous errors and consequently
causes a change of the transmitted light signals, and that
the evaluation unit (8) compares the signal shape of the
light signal received from the optical receiver (7) or an
optical receiver output signal derived therefrom with a
nominal signal shape and determines the presence of a
synchronous error on the basis of the deviation in shape
between the received light signal or the optical receiver

output signal derived therefrom and the nominal signal.
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_10_

The device according to the preceding claim, characterized
in that it 1is designed free of signal interruptions for

cutting the conductor.

The device according to any one of the preceding claims,
characterized in that the light source (6) 1s designed as
a pulse generator which generates a pulse-shaped sequence

of light signals in a predeterminable signal shape.

The device according to any one of the preceding clains,
characterized in that the evaluation unit (8) determines
the signal shape deviation on the basis of deviations in
the pulse length, the pulse distance, the pulse amplitude,
the pulse slope and/or the pulse pattern.

The device according to any one of the preceding claims,
characterized in that the evaluation unit (8) for
determining the signal shape deviation refers to a nominal
signal stored 1in a storage unit, said nominal signal
corresponding to the light signal received at the optical
receiver and/or the optical receiver output signal derived

therefrom with undeformed optical conductors (5).

The device according to any one of the preceding claims,
characterized in that the optical conductor (5) is placed
in a semispan manner over all adjacent high-1lift surfaces

(2) which belong to a group of high-1lift surfaces (2).
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