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

(19) World Intellectual Property Organization
International Bureau

(10) International Publication Number
(43) International Publication Date - Λ

5 January 2012 (05.01.2012) 2012/000664 A2

(51) International Patent Classification: (81) Designated States (unless otherwise indicated, for every
B64D 45/00 (2006.01) kind of national protection available): AE, AG, AL, AM,

AO, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ,
(21) International Application Number: CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM, DO,

PCT/EP201 1/003203 DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
(22) International Filing Date: HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP,

29 June 201 1 (29.06.201 1) KR, KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD,
ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI,

(25) Filing Language: English NO, NZ, OM, PE, PG, PH, PL, PT, RO, RS, RU, SC, SD,

(26) Publication Language: English SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN, TR,
TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

(30) Priority Data:
61/359,436 29 June 2010 (29.06.2010) US (84) Designated States (unless otherwise indicated, for every

10 2010 025 475.4 29 June 2010 (29.06.2010) DE kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG,

(71) Applicant (for all designated States except US): AIR¬ ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ,
BUS OPERATIONS GMBH [DE/DE]; Kreetslag 10, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
2 1129 Hamburg (DE). EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,

LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK,(72) Inventors; and
SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ,(75) Inventors/ Applicants (for US only): RECKSIEK, Mar¬
GW, ML, MR, NE, SN, TD, TG).

tin [DE/DE]; Hainholzweg 137 C, 21077 Hamburg (DE).
ELLMERS, Wilfried [DE/DE]; Bremer Strasse 62, Declarations under Rule 4.17 :
28832 Achim (DE). WINKELMANN, Christoph

— of inventorship (Rule 4.1 7(iv))
[DE/DE]; Haidbarg 13C, 21244 Buchholz (DE).

Published:(74) Agent: SCHATT, Markus F.; Schatt IP, Rindermarkt 7,
8033 1 Munchen (DE). — without international search report and to be republished

upon receipt of that report (Rule 48.2(g))

(54) Title: ADJUSTMENT SYSTEM OF AN AEROPLANE WITH AN ADJUSTABLE FLAP

<

oo©
(57) Abstract: An adjustment system of an aeroplane, having: at least one adjustable flap (Al, A2; Bl, B2) on each of the wing of

o an aeroplane, adjustable with an adjustment device (Al l , A12, B l 1, B12, A21, A22, B21, B22), a drive device (PA1, PA2, PB1,
PB2) for purposes of driving the adjustment devices (Al 1, A12, B l 1, B 12, A21, A22, B21, B22), and a load sensor (S-D) for pur

o poses of recording the load occurring in the load path between the actuator and the adjustable flap of the respective adjustment de
vice. The load sensor (S-D) is embodied as a sensor for purposes of measuring the longitudinal force occurring in a drive rod
along its longitudinal direction (LI).



Adjustment system of an aeroplane with an adjustable flap

This application claims the benefit of the filing date of German Patent Application No.

DE 10 2010 025 475.4 filed 29.06.2010 and of United States Provisional Patent

Application No. US 61/359,436 filed 29.06.2010, the disclosures of which applications

are hereby incorporated herein by reference.

The invention concerns an adjustment system of an aeroplane. The adjustment system

has at least one movable adjustable flap on each wing, wherein the adjustable flap in

general is an adjustable aerodynamic flap of an aeroplane and in particular can be a

high-lift flap. The adjustment system can in particular be a high-lift system of an

aeroplane.

From the general prior art landing flap systems with a central drive and a central torsion

shaft train are known art, by means of which the adjustment devices for purposes of

adjusting a flap are actuated. The shaft train transfers the mechanical drive power from

a central drive motor to the actuators that move the flaps. In the event of e.g. jamming

of the adjustment devices any further transference of drive power onto the adjustable

flap must be prevented. For the detection of such an event the use of a load sensor is

of known art.

In US P 195 209 a load sensor for the drives of high-lift systems is disclosed, with

which the load at the output of an actuator is measured, any overload is detected, and

accordingly the drive system is rendered passive.

DE 33 08 301 B3 discloses a high-lift system with a drive system, elements to transfer

the drive energy over the whole width of the span to drive stations of individual

segments of landing flap systems/leading-edge slat systems and with overload

protection provided by electrical load sensors, which are arranged at the points at

which the drive power from the respective gearbox is introduced into the flap body, in

other words at the points at which the drive power is transferred from the output lever

of the gearbox.



The object of the invention is to provide an adjustment system of an aeroplane with a

adjustable flap, and a load sensor for purposes of determining a load in an adjustment

device of a adjustable flap, with which a more reliable and more accurate determination

of the load values as possible, and with which integration of the load sensor is as

convenient as possible in terms of maintenance time and cost.

A further object of the invention is to provide an adjustment system of an aeroplane

with a adjustable flap and a load sensor for purposes of determining a load in an

adjustment device of a adjustable flap, with which, in particular also during any

replacement of parts, in particular of the actuator of the adjustment system and its

accommodation to the structural circumstances in the adjustment system, the accuracy

of the load sensor is not impaired.

This object is achieved with the features of Claim 1. Further forms of embodiment are

specified in the dependent claims that refer back to the latter.

In accordance with the invention an adjustment system or actuation system is provided,

having:

at least one adjustable flap on each of the wings of an aeroplane, supported on

the wing via at least two bearing assemblies, and movable relative to the wing,

at least one adjustment device for purposes of adjusting the adjustable flap,

wherein each adjustment device has: an actuator and a kinematic adjustment

mechanism for the kinematic coupling of the actuator to the adjustable flap with

a drive rod, which couples the actuator with the adjustable flap via a first and a

second articulation,

at least one drive device for purposes of driving the adjustment devices,

a load sensor for purposes of capturing the load occurring in the load path

between the actuator and the adjustable flap of the respective adjustment

device e.g. as a result of external forces acting on the adjustable flap,



a control and monitoring device, functionally connected with the at least one

drive device, for purposes of adjusting the adjustment devices, which control

and monitoring device is functionally connected with the at least one load

sensor for purposes of receiving sensor signals generated by the load sensors,

and has a load monitoring function for the drive train between the adjustable

flap and the drive device on the basis of the sensor signals.

In particular the at least two adjustment devices assigned to one flap can be spaced

apart from one another in the spanwise direction of the flap. Furthermore, the control

and monitoring device can be arranged in a central aeroplane component, in particular

in the fuselage, or can be decentralised and thereby in particular arranged such that

provision is made that a control and monitoring device is respectively assigned to the

adjustment devices of each adjustable flap. Furthermore, a higher-level control and

monitoring device can be arranged to be functionally at a higher level than these

decentralised control and monitoring devices; the higher-level control and monitoring

device monitors the decentralised control and monitoring devices.

In accordance with one form of embodiment of the invention the load sensor is a

sensor for purposes of measuring the longitudinal force occurring in a drive rod along

its longitudinal direction, which longitudinal force occurs in the load path between the

actuator and the adjustable flap of the respective adjustment device. In particular a

parameter analogous to this longitudinal force is thereby registered, such as e.g. an

extension or deformation of the drive rod.

In one example of embodiment of the adjustment system in accordance with the

invention provision is made that the load sensor is formed from at least one strain

gauge, which is fitted to the drive rod. Here the at least one strain gauge can be

arranged on the outer surface of the drive rod. Alternatively or additionally the drive rod

can, at least in some sections, be designed as a hollow body with the formation of an

internal cavity, and the at least one strain gauge can be arranged on the inner surface

of the internal cavity of the drive rod. With these forms of embodiment the at least one

strain gauge can be fitted to the drive rod such that it can be removed.



In accordance with one form of embodiment of the invention the drive rod is formed

from a first drive rod section, articulated on the actuator lever, a second drive rod

section, articulated on the adjustable flap, which in the longitudinal direction of the drive

rod is arranged behind the first drive rod section, and a sensor, which registers the

force occurring between the first and second drive rod sections, or a relative movement

between the first and second drive rod sections, or a parameter analogous to the latter,

for purposes of determining the longitudinal force that occurs in the load path between

the actuator and the adjustable flap of the respective adjustment device.

In accordance with one form of embodiment of the invention provision is made that the

drive rod is formed from a first drive rod section, articulated on the actuator lever, a

second drive rod section, articulated on the adjustable flap, and a transverse pin

coupling these, wherein the drive rod sections are arranged partially overlapping one

another with the formation of an overlap region, and the transverse pin for purposes of

producing a force-transferring coupling of the drive rod sections passes through the

latter in their overlap region transverse to the longitudinal direction of the drive rod.

Here the load sensor is a sensor arranged on the transverse pin for purposes of

determining the transverse forces acting on the pin, which result from the longitudinal

forces occurring in the drive rod.

The two drive rod sections can be embodied in the form of tubes that are guided

relative to one another.

Here in particular provision can be made that the load sensor is embodied as a strain

gauge such that the it measures an extension on the surface of a transverse pin or a

housing accommodating the latter, which extension ensues as a result of the force

exerted by the adjustable flap onto the connecting pin. The strain gauge can thereby be

fitted on a surface of the outer surface or inner surface of the transverse pin or the

housing of the articulation such that it covers a part of the periphery with reference to

the central axis of the transverse pin, and in particular covers that region in which it is

anticipated that the highest stresses will occur in the settings of the adjustable flap

within the specified range of adjustment.



In accordance with one example of embodiment of the invention the load sensor is

formed from at least one strain measurement device that is arranged on a surface of

the transverse pin. Here the connecting pin can be embodied as a hollow pin and the

strain measurement device can be arranged on the surface of the inner bore, in other

words, on the inner surface of the transverse pin. The strain measurement device can

be formed from one or a plurality of strain gauges, which can e.g. be arranged in a full

bridge arrangement. In general the load sensor can be embodied as a temperature-

compensated arrangement of sensor components. Alternatively the load sensor can be

formed from a load cell.

The solution in accordance with the invention is particularly advantageous in the case

of an adjustment system in which the drive rod is adjustable in its length, in order to be

able to adjust the kinematic adjustment mechanism with reference to specified settings

of the adjustable flap, e.g. the retracted position of the adjustable flap. Here provision

can in particular be made that the length of the drive rod can be adjusted via a thread.

In accordance with a further form of embodiment of the invention provision is made that

the drive rod is formed from a first drive rod section, articulated on the actuator lever, a

second drive rod section, articulated on the adjustable flap, and a coupling device

coupling these. Here the coupling device can be embodied such that it permits a

relative movement between the first and the second drive rod sections. The coupling

device has a load sensor for purposes of determining longitudinal forces occurring in

the drive rod. The coupling device produces a force-transferring coupling of the drive

rod sections, and can in particular have a pre-tensioning device, and/or a damper

device, with which the load sensor is integrated for purposes of determining

longitudinal forces. Here the load sensor can in particular be formed from a load cell.

The arrangement of the load sensor in accordance with the invention allows a detection

of fault cases that are critical for the adjustment system with the reliability that is

required for a safety critical system, for which purpose threshold values must be

defined for the load sensor that are sufficiently accurate in this respect.

In accordance with a further example of embodiment of the invention provision is made

that the load sensor of at least one actuation device is connected via a signal



connecting cable with a control and monitoring device assigned to the actuation device

for purposes of transmitting the sensor signals generated by the load sensor, which

cable runs from the load sensor into the adjustable flap, and from there along one of

the bearing assemblies into the main wing surface and to the control and monitoring

device. While this measure can indeed lead to greater cable lengths compared with the

prior art, a cable routing can in this manner be diverted over or through the actuator,

and in this manner the cable routing can be executed such that it is both easier to

maintain and also more reliable. Furthermore, by means of this cable routing better

protection of the cable can be achieved against atmospheric effects.

The adjustment system in accordance with the invention can be executed such that the

control and monitoring device has a fault detection function, which is executed such

that it assigns a fault state to an adjustment device with a load sensor, if on the basis of

the sensor signals received from the load sensor it determines the lack of attainment of

a set point value indicating an operational load.

In the design of the system in accordance with the invention the following safety critical

faults, amongst others, can be detected by the adjustment system using appropriate

functions of the control and monitoring device in accordance with the invention in an

advantageous manner, i.e. reliably, efficiently and without the necessity of structural

reinforcement measures:

a jamming event in one of the adjustment devices, or on the flap, or in the

bearing assembly of the same, wherein such a jamming event can lead to an

overload and consequently to a fracture of the drive train or adjacent structural

components, since in the jamming event the whole drive torque is applied at the

affected station;

a fracture of a force-transferring part of the adjustment device such as e.g. a

drive lever, where the fracture of a drive lever can lead to a skewing of a flap

that is guided on two guide tracks;



a locking up of one actuation device of a adjustable flap with a drive that

continues to function onto the other actuation device of the same flap, in

particular as a result of a special fault internal to the actuator.

A faulty kinematic actuation mechanism or station locks up or has a very large drag

torque, while the drive torque of the drive device, and e.g. of the central drive shaft

continues to driven through onto the other stations. As a result the flap is moved further

by the actuator on the other station. This fault leads to skewing or rotation of the flap,

and in the end result can cause the flap to be torn off. In accordance with the invention

a load sensor is provided for purposes of determining loads occurring in the adjustment

device. This is with the application of a threshold value, the transgression of which, or

the lack of attainment of which, is used to detect a fault in the kinematic actuation

mechanism.

The reliability of the detection of the above-cited fault cases, and in particular of the

fault case cited twice above, increases with the accuracy of a load sensor on the output

drive side of the actuator, so that the load sensor provided in the drive lever in

accordance with the invention, with which a relatively high measurement accuracy can

be achieved, is particularly advantageous in this respect.

Furthermore, it is to be noted that when using a threshold value for the load value

measured by the respective load sensor for the detection of a fault on the respective

actuation device, this threshold value, by virtue of production tolerances in the

kinematic adjustment mechanism and temperature effects, must when necessary take

into account a scatter band of sensor values determined by the load sensor in question

with reference to the loads actually occurring in each case.

By utilising the load measurement in accordance with the invention for the detection of

an overload and/or underload, the mechanical load limiter can in particular be

dispensed with, with a corresponding reduction of component weight. Furthermore, the

detection of an overload by means of load sensors is more accurate, since mechanical

load limiters have high production tolerances. As a result of the greater accuracy in the

establishment of an overload, some structural components can be designed for a

smaller load. By means of this "snowball effect" the structural weight is reduced.



By means of the adjustment system in accordance with the invention detection of

skewing is possible through the establishment of the underlying fault by means of load

measurement. This load measurement can be used for the detection of other faults, so

that a variety of faults can be detected with one monitoring mechanism. Thus the total

sensor required outlay for the detection of the various faults is reduced, and therefore

the system reliability is increased.

In accordance with one form of embodiment of the invention the control and monitoring

device is embodied such that on the basis of the sensor signals received from the load

sensor it determines the lack of attainment of a set point value or threshold value

indicating an operational load so as to establish a fault state on the flap. Here the

control and monitoring device is embodied such that on the basis of the sensor signals

received from the load sensor it determines the lack of attainment of a set point value

indicating an operational load. The set point value or threshold value can also be

defined as a function of the flap setting and/or the flight conditions and/or the mode of

operation in which the aeroplane is being flown, and/or the aeroplane configuration

(e.g. undercarriage extended or retracted).

Here in particular provision can be made that the set point value indicating an

operational load is less than 60% of the measured value of the load sensor for the

maximum permissible operational load, or a load determined as a maximum

operational load.

In accordance with one example of embodiment of the adjustment system in

accordance with the invention the set point value indicating an operational load is

specified as a fixed value in the control and monitoring device.

Alternatively provision can be made that the control and monitoring device has a

function that determines the set point value, with which the set point value indicating an

operational load is determined under operational conditions by the control and

monitoring device on the basis of operational parameters of the aeroplane. Here

provision can in particular be made that the set point value indicating an operational

load is determined in the control and monitoring device on the basis of a correlation of



set point values specified as a function of the setting of the respectively assigned

adjustable flap with the registered setting of the respectively assigned adjustable flap.

Additionally or alternatively provision can be made that the set point value indicating an

operational load is a set point value determined from state parameters of the

aeroplane.

In accordance with the invention provision can be made that the sensor value

determined by the load sensor on the basis of a load, which is to be compared with the

set point value indicating an operational load, is a value which is determined in an

extended state of the respectively assigned adjustable flap.

The bearing assembly of the at least one adjustable flap has a "dropped-hinge

kinematic mechanism" or a "Fowler kinematic mechanism".

The adjustment system in accordance with the invention can be embodied with a

"central drive", wherein the fault-tolerant adjustment system has a drive unit that is

controlled by the control and monitoring device and which is mechanically coupled via

a rotary shaft with the adjustment devices of each wing for their actuation.

Here the drive device can have at least one drive motor and at least one braking

device, which is assigned to the drive motor for purposes of arresting the output of the

respective drive motor, wherein the control and monitoring unit has:

an actuation function for the generation of command signals for the drive motors

for purposes of adjusting the adjustable flap,

a monitoring function, with which a command signal is sent to the braking

device for purposes of actuating the same if the control and monitoring device,

on the basis of the comparison of a sensor value of the load sensor with a

design value for one of the adjustment devices respectively assigned to the

adjustable flap, assigns a fault state.

Alternatively the adjustment system in accordance with the invention can be embodied

with a "central drive", wherein



on the at least one flap of each wing at least two adjustment devices are

respectively connected, and are arranged spaced apart from one another in the

spanwise direction of the flap, wherein the adjustment devices are respectively

coupled via a drive train to the drive device respectively assigned to the

adjustable flap, and

the fault-tolerant adjustment system has drive devices for purposes of driving

the adjustment devices, of which one drive device is respectively assigned to

each adjustable flap, and which drive devices are functionally connected with

the control and monitoring device that controls them.

Here provision can furthermore be made:

that the adjustment devices of a adjustable flap have: at least one drive motor and at

least one braking device, which is assigned to the drive motor for purposes of arresting

the output of the respective drive motor,

that the control and monitoring device has control and monitoring units, of which one is

functionally connected in each case with the at least two adjustment devices connected

in each case to a adjustable flap, wherein each control and monitoring unit has:

an actuation function for the generation of command signals for the drive motors

for purposes of adjusting the adjustable flap,

a monitoring function, with which a command signal is sent to the braking

device for purposes of actuating the same if the control and monitoring device,

on the basis of the comparison of a sensor value of the load sensor with a

design value for one of the adjustment devices respectively assigned to the

adjustable flap, assigns a fault state.

In accordance with the invention a method is also provided for the reconfiguration of an

adjustment system with adjustable adjustable flaps, which has the following steps:

determination of signal values from a load sensor,



assignment of a fault state to the adjustment device, if the load sensor

determines a load that fails to attain a design load.

Here can furthermore in particular be provided:

transmission of a design command to the assigned adjustment devices, which

corresponds to the position setting of the adjustment device that has been

determined by the position sensor as the actual position.

In what follows the invention is described with the aid of the accompanying figures,

where:

Figure 1 shows a schematic representation of one form of embodiment of the

high-lift system in accordance with the invention with adjustable flaps, of which

two are provided for each wing, with adjustment devices for purposes of

actuating the adjustable flaps, wherein the adjustment devices have in each

case at least one actuator, and in each case at least one first load sensor,

located on the input side, and a second load sensor, located on the output side

of the at least one actuator, and wherein the adjustment devices are driven by a

central drive motor and a rotary shaft coupled with the latter;

Figure 2 shows an enlarged representation of the section of the high-lift system

from Figure 1 that is provided for the right-hand wing as viewed in the

longitudinal axis of the aeroplane;

Figure 3 shows a schematic representation of one form of embodiment of the

adjustment device in accordance with the invention, with a representation of the

arrangement of the load sensor in the rotary articulation, which couples the

push rod with the adjustable flap;

Figure 4 shows an exploded schematic representation in perspective of one

form of embodiment of the drive rod with a transverse pin, which has a load

sensor in accordance with the invention;



Figure 5 shows a schematic representation of one form of embodiment of a

high-lift system in accordance with the invention with adjustable flaps that is an

alternative when compared with the representation of Figure 1; its adjustment

devices are actuated in each case via a drive device, wherein components of

the high-lift system of Figure 5 that have similar functions to those in Figure 1

are in some cases assigned the same reference symbols.

In an exemplary embodiment of the invention, apparatus and methods described

hereinabove are employed to improve failure recognition and/or failure identification

and/or reconfiguration of an adjustment system in the case of a failure. The present

invention has been described using detailed descriptions of embodiments thereof that

are provided by way of example and are not intended to necessarily limit the scope of

the invention. In particular, numerical values may be higher or lower than ranges of

numbers set forth above and still be within the scope of the invention. The described

embodiments comprise different features, not all of which are required in all

embodiments of the invention. Some embodiments of the invention utilize only some of

the features or possible combinations of the features. Alternatively or additionally,

portions of the invention described/depicted as a single unit may reside in two or more

separate physical entities which act in concert to perform the described/depicted

function. Alternatively or additionally, portions of the invention described/depicted as

two or more separate physical entities may be integrated into a single physical entity to

perform the described/depicted function. Variations of embodiments of the present

invention that are described and embodiments of the present invention comprising

different combinations of features noted in the described embodiments can be

combined in all possible combinations including, but not limited to use of features

described in the context of one embodiment in the context of any other embodiment.

Specifically, features described in the context of a method can be used to characterize

an apparatus and features described in the context of an apparatus can be used to

characterize a method. The scope of the invention is limited only by the following

claims. In the description and claims of the present application, each of the verbs

"comprise", "include" and "have" as well as any conjugates thereof, are used to indicate

that the object or objects of the verb are not necessarily a complete listing of members,

components, elements or parts of the subject or subjects of the verb. All publications



and/or patents and/or product descriptions cited in this document are fully incorporated

herein by reference to the same extent as if each had been individually incorporated

herein by reference.

Figure 1 shows one form of embodiment of the adjustment system in accordance with

the invention in the form of a high-lift system 1 for purposes of adjusting at least one

adjustable flap, and in particular, at least one landing flap, on each wing. In Figure 1

two landing flaps are represented on each wing, which is not shown in the

representation of Figure 1. In detail the following are represented: an inner landing flap

A 1 and an outer landing flap A2 on a first wing, and an inner landing flap B 1 and an

outer landing flap B2 on a second wing. In the high-lift system in accordance with the

invention one or more than two landing flaps can also be provided on each wing.

The adjustable flaps are in each case supported such that they can move by means of

a bearing station LS on the main wing surface of the wing; an example of embodiment

of a bearing station is represented in Figure 3 . Furthermore each adjustable flap is

coupled to an adjustment station with at least one adjustment device, wherein the

adjustment station is embodied such that it can accommodate power transferred from

the drive device to the adjustment station, and can convert it into an adjustment

movement of the flap supported on the bearing station. In this context the term

"adjustment station" is understood to mean the adjustment devices in each case

connected to one adjustable flap. In the case of at least two adjustment devices, which

are respectively assigned to one flap, these are arranged spaced apart from one

another in the spanwise direction of the flap.

The bearing station LS can be formed from one or a plurality of bearing assemblies,

which in total support the adjustable flap over the whole range of adjustment on the

main wing surface.. The at least one bearing assembly assigned to a flap can in

general have a "dropped hinge kinematic mechanism" or a "Fowler kinematic

mechanism". The "Fowler kinematic mechanism" can be designed e.g. as a "kinematic

track mechanism", as a "kinematic track-link mechanism" or as a "kinematic linkage

mechanism". A "kinematic track mechanism" is formed from a combination of a track

and a slider that can move on the track. For purposes of adjusting the adjustable flap



an adjustment device is coupled to the slider, so that the adjustment device, by virtue

of the actuation by the respectively assigned drive device moves the slider on the track,

and thus the flap correspondingly. Here the adjustment device can be formed from a

rotary actuator or a spindle drive, which is coupled to the slider in order to move the

latter. In the case of a so-called "dropped-hinge kinematic mechanism" the bearing

assembly is formed from an articulated support, which is fitted on the main wing

surface in the region of its trailing edge and projects downwards from there. At the

outer end of the articulated support the flap is articulated by means of a mounting fitted

to the main wing surface. Here the adjustment device can in particular be coupled to

the flap and can be formed from a rotary actuator.

The high-lift system 1 is actuated and monitored via an interface, which in particular

has a pilot interface IF and thereby a means of actuation, such as e.g. an actuation

lever. The means of actuation IF is functionally coupled with a control and monitoring

device C, which transmits control commands via a control cable C 1 for purposes of

controlling a drive device P. In the form of embodiment shown in Figure 1 the control

and monitoring device C is designed as a so-called "central" control and monitoring

device C, i.e. this has control and monitoring functions for a plurality, and in particular

for all, adjustment devices A 11, A 12 , B 11, B12, A21, A22, B21, B22 of the high-lift

system 1.

The centrally, e.g. in the fuselage region, arranged drive device P , can be formed with

one or a plurality of drive motors. In the represented form of embodiment of the high-lift

system 1, the drive device P has two drive motors M1, M2, which can e.g. be

implemented in terms of an hydraulic motor and an electric drive. Furthermore, the

drive device P can have at least one braking device assigned to the drive motors M 1 ,

M2, which braking device can be actuated by means of a command signal from the

control and monitoring device C. In the form of embodiment of the high-lift system 1

represented in Figure 1, the drive device P has two braking devices B1, B2, each of

which can be actuated by means of a command signal from the control and monitoring

device C. The at least one braking device B1, B2 is functionally connected with the

control and monitoring device C, which under predetermined conditions can actuate the

braking device and thus can arrest the rotary shaft drive trains 11, 12. In the event of a



fault in the drive motor, or in one of a plurality of drive motors, this can be shut down by

means of the central drive device P or a drive motor controller assigned to the at least

one drive motor. If the drive device P is formed from only one motor, the drive device

can furthermore, also be embodied with only one braking device. Such a motor can in

particular also be embodied as a motor incorporating redundancy, whose drive function

is designed in a redundant manner for purposes of increasing the reliability.

The drive device P in the embodiment with two motors M 1, M2 in accordance with

Figure 1 can have a differential D, which is coupled with the output sides of the

hydraulic motor M 1 and the electric motor M2 such that the power outputs provided in

each case by the hydraulic motor M 1 and the electric motor M2 are summated and

transferred to rotary drive shaft trains, in particular in the form of rotary drive shafts 11,

12. In the form of embodiment of the high-lift system 1 in accordance with the invention

represented in Figure 1, two braking devices B 1 , B2 , are furthermore provided, which

are functionally connected with the control and monitoring device C. The control and

monitoring device C is embodied such that this, under predetermined conditions, and in

particular upon the assignment of a critical fault state on one of the components of the

adjustment system, can actuate the braking devices B 1 , B2 and thus can arrest the

rotary shaft drives 11, 12. If one of the two drive motors, in the example of embodiment

represented e.g. the hydraulic motor 1 or the electric drive M2, is shut down, the

central drive device P, by virtue of the differential, which is configured such that the

power outputs provided in each case by the hydraulic motor M 1 and the electric motor

M2 are summated, outputs a power output reduced by the contribution of the drive

motor that has been shut down. Instead of two braking devices B 1, B2, it is also

possible for only one braking device to be provided, and instead of two motors M1, M2,

only one motor.

In the example of embodiment of the adjustment system represented the drive device

P for the drive, i.e. the adjustment, of all adjustable flaps A 1, A2, B 1, B2, belonging to

the adjustment system, that is to say, at least one adjustable flap per wing, preferably

however a plurality of adjustable flaps A 1, A2 or B 1, B2 per wing, can be provided by

means of corresponding adjustment devices. Such a drive device can in particular be

arranged at a central location, i.e., in particular in the fuselage of the aeroplane. To the



drive device P are coupled a total of two drive trains, in particular in the form of the

rotary drive shafts 11, 12, in each case for purposes of actuation of the at least one flap

A 1, A2 or B 1, B2 per wing. The two rotary drive shafts 11, 12 , are coupled to the

central drive device P and are synchronised with one another by means of the latter.

On the basis of appropriate control commands the central drive device P sets the rotary

drive shafts 11, 12 in rotation, for purposes of exerting actuating movements of the

adjustment devices A 11, A 12, B 11, B12, A21, A22, B21 , B22, coupled with the latter, of

the respective adjustable flap A 1, A2 or B 1, B2. A load limiter or torque limiter L can be

integrated in a shaft section of the rotary drive shafts 11, 12 located near the drive

device P.

At least one adjustment device A 11, A12, B 11, B12, A21, A22, B21 , B22 is coupled to

each flap A1, A2 or B1, B2, for purposes of adjusting the same. In the high-lift system 1

represented in Figure 1 two adjustment devices A 11, A12 or B 11, B12 or A21 , A22 or

B21 , B22 are in each case arranged on each adjustable flap A 1, A2, B 1, B2, and more

precisely on the inner adjustable flaps A 1 and B 1 the adjustment devices A 11, A12 and

B 11, B12 respectively, and on the outer flaps A2 and B2 the adjustment devices A21 ,

A22 and B21, B22 respectively. All adjustment devices, that is to say, in general, at

least one adjustment device, which in total in each case actuate one flap, can also be

called an adjustment station.

In what follows the adjustment devices B 11, B12, B21 , B22 and the adjustable flaps

B1, B2 are described with the aid of Figure 2 , wherein the components of different

adjustment devices B 11, B12, B21, B22 of the same function in each adjustment

device B 11, B12, B21 , B22 are provided with the same reference symbols. In the figure

is represented a form of embodiment of the adjustment system, and in particular of the

high-lift system 1, in which each adjustment device B 11, B12, B21 , B22 has a load

sensor S-D on the drive rod 30, or integrated into the latter.

Each of the adjustment devices B 11, B12, B21 , B22 (in the representation of Figure 1

each of the adjustment devices A 11, A 12 , B 11, B 12 , A21 , A22, B21 , B22) has an

actuator 20 or a step-up gearbox 20, and a kinematic adjustment mechanism VK for

purposes of kinematic coupling of the actuator 22 to the adjustable flap. In general the



actuator 20 is coupled to the output of the drive device. This can be implemented by

means of the step-up gearbox 25. In the form of embodiment represented in Figure 1

such a step-up gearbox 25 is provided for purposes of converting the movement of the

respective drive shaft 11, 12 into a movement of a drive component or drive element

2 1, which is coupled with the actuator 20, in order to transfer an input movement to an

input element 2 1 or a so-called "down-drive link" on the input side of the actuator 20.

The actuator or the step-up gearbox 20 is mechanically coupled to the respective rotary

drive shafts 11, 12 and converts a rotational movement of the respective rotary drive

shafts 11, 12 into an adjustment movement of the flap region, which is coupled with the

respective adjustment devices B 11, B12, B21 , B22.

Here provision can be made that a position sensor 26 is arranged (Figure 2) on each

adjustment device B 11, B12, B21 , B22 of a flap, which sensor determines the current

position of the respective adjustable flap A 1, A2, B 1 , B2 and transmits this position

value via a cable, not represented, to the control and monitoring device C.

The actuator 20 is in general coupled to the adjustable flap A 1, A2, B 1, B2 via a

kinematic adjustment mechanism VK for purposes of kinematic coupling of the actuator

20.

Furthermore in general the actuator 20 has an output element, or drive element 22,

which is coupled with a flap-side coupling device 30 for purposes of coupling the

actuator 20 with the respective adjustable flap. In this manner a movement of the

output element 22 is translated into a movement of the respective adjustable flap A 1,

A2, B1, B2. Here a mechanical translation mechanism with a step-up function can be

provided between the input element 2 1 and the output element 22.

In addition an asymmetry sensor 28 can be arranged at the ends of the rotary drive

shafts 11, 12 respectively; this is likewise functionally connected with the control and

monitoring device C via a cable, not represented, and via this cable transmits a current

value to the control and monitoring device C, which states whether the ends of the

rotary drive shafts 11, 12 have rotated within a specified range, or whether an

asymmetric rotational position of the rotary drive shafts 11, 12 is present.



Furthermore, a wing tip region brake WTB can be arranged on each rotary drive shaft

11, 12; when actuated this can lock up the rotary drive shaft or the respective drive

train 11, 12. Here the one wing tip region brake WTB is in particular arranged at a point

on the rotary drive shafts 11, 12 that is located in an outer region of the wing in

question. Each of the wing tip region brakes WTB is functionally connected via a cable,

likewise not represented, with the control and monitoring device C, and via this cable

can be controlled and actuated by the control and monitoring device C. In operation the

normal initial state of the wing tip region brake WTB is a non-actuated state in which it

does not interfere with the rotation of the rotary drive shafts 11, 12. The wing tip region

brakes WTB can be actuated with an appropriate control signal from the control and

monitoring device C so as to arrest the respectively assigned rotary drive shaft 11, 12.

In an example of embodiment of an actuation device shown in Figure 3 the actuator is

embodied as a rotary actuator 120 and the output element as an actuator lever 122

and the drive rod 130, or connecting lever, which couples the actuator with the

adjustable flap K via articulations 131 , 132. Here a first articulation 131 , with which the

drive rod 130 is articulated on the actuator lever 122, and a second articulation 132,

with which the drive rod 130 is articulated on the adjustable flap K, are provided.

In accordance with the invention a load sensor S-D is integrated in the drive rod 130 for

purposes of recording the load occurring in the load path between the actuator and the

adjustable flap of the respective adjustment device; this is functionally connected with

the control and monitoring device C for purposes of receiving the sensor signals

generated by the load sensor. The load sensor S-D is embodied as a sensor for

purposes of measuring the longitudinal force occurring in a drive rod along its

longitudinal direction L 1. In accordance with one form of embodiment of the invention

the drive rod is formed for this purpose from a first drive rod section 130a, articulated

on the actuator lever 122, a second drive rod section 130b, articulated on the

adjustable flap K, and a transverse pin 133 coupling these (Figure 3). Here the drive

rod sections 130a, 130b are arranged partially overlapping one another, so as to form

an overlap region 130c. A seal 130d can be arranged in the overlap region and

between the drive rod sections 130a, 130b, for purposes of preventing the penetration

of dust and/or moisture into the region between the drive rod sections 130a, 130b. The



transverse pin passes through the drive rod sections 130a, 130b, for purposes of

producing a force-transferring coupling of the drive rod sections 130a, 130b in their

overlap region 130c transverse to the longitudinal direction L 1 of the drive rod 130. In

accordance with the invention the load sensor S-D is a sensor arranged in or on the

transverse pin 133 for purposes of determining the transverse forces acting on the pin,

which result from the longitudinal forces occurring in the drive rod 130.

In accordance with the invention the load sensor can be formed from at least one strain

gauge. Here the at least one strain gauge can be arranged on the transverse pin 133.

The transverse pin can in particular be designed as a hollow pin. Here the at least one

strain gauge can in particular be arranged on the inner surface of the transverse pin.

The load sensor can be formed from a plurality of strain gauges in a full bridge

arrangement. Furthermore provision can be made that the load sensor is embodied as

a temperature-compensated sensor arrangement.

In accordance with one alternative form of embodiment of the invention the drive rod is

formed from a first drive rod section 130a, articulated on the actuator lever 122, a

second drive rod section 130b, articulated on the adjustable flap K, and a coupling

device coupling these, which has a load sensor for purposes of determining

longitudinal forces occurring in the drive rod 130. Here the coupling device can have, in

particular, a pre-tensioning device and/or a damper device, with which the load sensor

for purposes of determining longitudinal forces is integrated.

The adjustable flap is articulated by means of a bearing station LS with at least one

bearing assembly 141 on the main wing surface H, wherein in the example of

embodiment of Figure 3 this is embodied as a bearing assembly 141 with a dropped-

hinge kinematic mechanism. The bearing assembly 141 has an attachment strut 143

on the main wing surface H and extending downwards from the latter with reference to

the wing thickness direction D-H, in which strut an articulating bearing 144 is provided.

On the articulating bearing 144 is articulated a support device in the form of an

articulated support 145, which is attached, or mounted in bearings, on a adjustable flap

K by means of an attachment device 146. The actuator is embodied as a rotary

actuator 120.



In an alternative design of the adjustment device as a kinematic track mechanism (not

shown in the figures) an actuator, which can e.g. be a rotary actuator or a spindle drive,

can be coupled to the slider, wherein a drive rod (analogous to the drive rod 130) is

arranged via a first articulation on the slider and via a second articulation on the

adjustable flap.

In general in accordance with the invention at least one adjustment device (in Figure 1

the adjustment devices A 11, A 12 , A21 , A22, B 11, B12, B21, B22) on a wing or on a

adjustable flap A1, A2, B1, B2 has a load sensor S-D, which is arranged in the

articulation 32 or 132, with which the drive rod 30 or 130 is coupled with the adjustable

flap K or A1, A2; B 1 , B2, wherein the load sensor S-D is embodied such that this

registers the forces occurring in this load path. The load sensor S-D is functionally

connected with the control and monitoring device C for purposes of receiving the

sensor signals generated by the load sensors. The load sensor S-D is provided for

purposes of measuring loads, which as a result of external forces acting on the flap K

are transferred onto the kinematic adjustment mechanism VK.

Here in particular provision can be made that the load sensor S-D measures the

attainment or transgression of a nominally permitted maximum load for the respective

adjustment device A 11, A 12 , B 1 1, B 12 , A21 , A22, B21 , B22 in which the measurement

is undertaken. The measurement of the maximum load can be undertaken

independently of a setting of the adjustable flap A 1, A2, B 1, B2 or K, that is to say, over

the whole range of adjustment of the adjustable flap A 1, A2, B 1 , B2 or K, if the

specified maximum load is defined such that this in general represents a maximum

permissible load. In the measurement of the maximum load provision can be made that

this is undertaken continuously, or at specified time intervals, since the maximum load

is defined independently of a setting of the adjustable flap A 1, A2, B 1 , B2 or K. With the

establishment of an assumed maximum load e.g. a fracture or a disconnect of one of

the adjustment devices can be registered, since on the at least one further adjustment

device of the same adjustable flap A 1, A2, B 1, B2 or K significantly higher loads then

occur that are higher than the loads that occur when the adjustment devices are intact.

In the case of a measurement, undertaken continuously or at intervals of time, of the

load occurring in each case on the load sensor, the control and monitoring device C,



which receives the sensor signals registered in each case, can compares these with a

signal value corresponding to the specified maximum load and in the event of

transgression of the maximum load can assign a fault state to the adjustment station of

the flap, and can also, if necessary, command and introduce suitable measures for the

reconfiguration of the adjustment system or the adjustment station. These

measurements and the associated comparisons of the measured values with the

maximum load can therefore be executed at each setting of the adjustable flap A1, A2,

B 1, B2 or K. In a similar manner by means of the comparison of the registered loads

with a assumed maximum load a jam occurring in an adjustment device, and a skewing

or tilting of the flap K in the adjustment station, can be determined. In this case higher

loads occur on the respectively other adjustment device of the same flap than in the

case when such a jammed state is non-existent, if an adjustment command has been

commanded before and/or afterwards from the control and monitoring device C. In this

case significantly higher forces are acting on the still intact adjustment device of the

same adjustable flap A 1, A2, B 1, B2 or K in a second articulation 32 or 132, since in

addition to the air loads, the forces exerted by the adjustment device are also acting on

the second articulation 32 or 132, so that the control and monitoring device C on the

basis of the signal values that for the respectively occurring load are registered by the

load sensor S-D arranged in the same articulation, and on the basis of the execution of

an appropriate comparison, determines a transgression of the specified maximum load.

The control and monitoring device C can be embodied such that in this case it assigns

a fault state to the respective adjustment station belonging to the adjustable flap A 1,

A2, B 1, B2 or K concerned with the adjustment devices A 11, A12 or B 11, B12 or A21 ,

A22 or B21 , B22 respectively assigned to a adjustable flap A 1, A2, B 1 , B2 or K, and

also, if necessary, commands and introduces suitable measures for the reconfiguration

of the adjustment system or the adjustment station.

If a load sensor S-D indicates a load-free state, while the other load sensor S-D, which

is connected to the other drive station of the same adjustable flap A 1, A2, B 1, B2 or K

indicates an increased load, a fracture of the actuator connection to the adjustable flap

A 1, A2, B 1, B2 or K may be assumed and can be defined in terms of a corresponding

fault state. Also in this case the control and monitoring device C can be embodied such



that it generates a command signal to the braking devices, with which the adjustment

system is immediately halted.

In the event of the locking up of an adjustment device of a adjustable flap A 1, A2, B 1,

B2 or K, with a drive that continues to function onto a further adjustment device of the

same flap an increased load arises on the defective adjustment device A 11, A 12 , B 11,

B12, A21 , A22, B21 , B22 as a result of the then occurring skewing of the adjustable

flap A 1, A2, B , B2 or K, which is detected on the basis of the appropriate comparison

of the values determined from the there arranged load sensor S-D with design values,

and by means of the control and monitoring device C as a result of the generation of an

appropriate command signal also leads to the adjustment system being immediately

rendered passive and halted.

As soon as a load sensor S-D detects a load that lies above a defined threshold value

an overload is detected, and the respective control and monitoring device C can be

embodied such that the adjustment system or the adjustment station is halted. The

threshold value can be either a fixed specified value or a value that is dependent on

other state parameters. If just one fixed value is used, the overload detection facility

corresponds in function to today's load limiters, although operating on an electronic

basis. The use of state-dependent threshold values enables earlier fault detection in

many fault scenarios.

Alternatively or additionally provision can be made that with the load sensor S-D the

lack of attainment and/or transgression of a operational load, specified on the basis of

suppositions, is measured. Since the load sensors are located at the interface between

system and structure provision can also be made in accordance with the invention that

the structural loads are also determined with these sensors. If the load profiles are

continuously recorded in the central computer these can be evaluated with respect to

the structural load cycles. This information can be used for duty cycle monitoring and/or

health monitoring.

The control and monitoring device C can be embodied such that this, on the basis of a

comparison of signal values for the respectively occurring load with values for a

supposed operational load, from a lack of attainment of a specified or determined



operational load by the load actually established concludes and identifies a disconnect

on the same adjustment device, since in this case the external forces occurring on the

flap cannot be transferred via the connecting device onto the kinematic adjustment

mechanism VK of the same adjustment device A 11, A 12 , B 11, B12, A21 , A22, B21 ,

B22. In this case the control and monitoring device C assigns a fault state to the

respective adjustment device A 11, A12, B 11, B12, A21 , A22, B21 , B22 or adjustment

station, and, if necessary, commands suitable measures for the reconfiguration of the

adjustment system or the adjustment station, such as the halting of the adjustment

system, or high-lift system 1, by means of the braking devices B1, B2.

Here provision can be made that the design value or comparison value used is a

function of the adjustment position, wherein the respective comparison values or the

specified operational load for each setting are determined by means of tests and stored

in the control and monitoring device C. The measurements can thereby be

continuously undertaken during operation of the aeroplane , i.e., in particular at e.g.

regular intervals of time, and as a function of the adjustment state of the adjustment

devices of a adjustable flap A 1, A2, B 1, B2 or K. Provision can also be made that load

measurements are undertaken during the command and execution of an adjustment of

the adjustment device A 11, A12, B 1 , B12, A21 , A22, B21, B22, i.e. of the adjustable

flap A 1, A2; B 1, B2 or K. In the provision of a continuous or regular load measurement

the control and monitoring device C determines during the adjustment of the adjustable

flap A 1, A2, B 1, B2 or K a comparison value, which - depending on the type of

comparison value, that is to say, whether it takes the form of a maximum value or an

operational load value - may not be transgressed, or the attainment of which may not

fail, wherein depending on the respectively assumed setting of the adjustable flap A 1,

A2, B1, B2 or K a related comparison value is extracted for the comparison. If for

example the landing flap is extended before the landing approach, the control and

monitoring device C can at the same time undertake a measurement of the load by

means of the load sensor and can determine via the comparison whether in these

circumstances such a transgression of a maximum load or a lack of attainment of an

operational load occurs and in the given case can assign a fault to the respectively

concerned adjustment device. Thereupon or at the same time the control and

monitoring device C can undertake a reconfiguration of the adjustment system and can



thereby arrest the adjustment system 1 by means of the at least one braking device,

and/or can specify a modified mode of operation for landing, which is suitable for the

landing approach with the respectively determined fault case.

In particular a function can be implemented in the control and monitoring function C,

with which the adjustment devices of a adjustable flap are traversed into a specified

setting and then by means of which undertakes one of the load measurements in

accordance with the invention on the adjustment devices of the adjustable flap, in order

to determine, if necessary, a fault state on the same, and to introduce a reconfiguration

of the adjustment system. The measurement can also be undertaken with the

adjustable flap retracted.

In a high-lift system 1, in which the actuators 20 or 120 of the adjustment devices A 11,

A12, B 11, B12, A21 , A22, B21, B22 are commanded via a decentralised control and

monitoring device C via electrical cables, and in which at least two actuators 20 or 120,

are connected to a adjustable flap for purposes of actuation of the same, provision can

be made that upon the assignment of a state of functional incapacity (fault case A) to

the respective adjustment device A 11, A12, B 11, B12, A21 , A22, B21 , B22 by means

of the adjustment device fault detection function the respective adjustable flap A 11,

A12, B 11, B12, A21 , A22, B21 , B22 is no longer actuated. Here for purposes of

avoiding control asymmetries provision can furthermore be made that the adjustable

flap arranged symmetrically with reference to the aircraft longitudinal axis, relative to

the adjustable flap affected by the fault case, is likewise no longer actuated. In addition

provision can be made that a brake B 1, B2 provided for this case in the actuator 20 or

120 for purposes of arresting the adjustable flap A 11, A 12 , B 11, B 12 , A21 , A22, B21 ,

B22 is actuated in its instantaneous adjustment state.

If the actuators are driven via a common rotary drive shaft 11, 12 and the respective

components of the kinematic adjustment mechanism VK are fitted with a fail-safe

mechanism, provision can be made by the high-lift system reconfiguration function for

the adjustment devices A 11, A 12 , B 11, B12, A21, A22, B21 , B22 concerned to

continue to be actuated.



In such a high-lift system with commanding of actuators of the adjustment devices A ,

A12, B 1, B12, A21 , A22, B21 , B22 via a central control and monitoring function C via

electrical cables, in the event of an assignment of fault case B the same optional

measures can be introduced as in fault case A . In a high-lift system 1 in accordance

with Figure 1, in which the adjustment devices A 1 , A 12, B 1 , B12, A21, A22, B21,

B22 are mechanically driven via rotary drive shafts 1 , 12, in the event of the

assignment of fault case B to an adjustment device provision can be made that the

system is locked via the motor brakes 1, M2 and/or the wing tip region brake WTB in

order to avoid force conflicts internal to the system.

In the case of a centrally driven high-lift system 1, i.e. via rotary shafts 11, 12, in the

event of a non-permissible deviation of the design positions determined by the control

and monitoring device C from the actual positions registered by the position sensors

26, provision can be made that the control and monitoring device C or the high-lift

system reconfiguration function transmits an actuation signal to the wing tip region

brake WTB, and also to the at least one braking device B1, B2, for purposes of

arresting both shaft trains 11, 12.

In the example of embodiment shown in Figure 3 the actuator lever 131 of the rotary

actuator 120 is coupled via the first articulation 131 to the drive rod 130, and this in turn

is coupled via a second articulation 132 to a connecting device 135 of the adjustable

flap K.

A kinematic adjustment mechanism VK of the adjustment devices A 11, A 12 , B 11, B 12,

A21 , A22, B21 , B22 of a adjustable flap A 1, A2, B 1 , B2 or K in the embodiment as a

dropped-hinge kinematic mechanism or as a kinematic track mechanism with a rotary

actuator, 20, 120, can in particular be designed such that with execution of the

maximum adjustment path of the flap the second articulation 32 or 132 between the

drive rod 30 or 130 and the adjustable flap A 1, A2; B 1 , B2 or K is adjusted through a

range of angles which is 30% less, and preferably 50% less, than the range of angles

through which the first articulation 3 1 or 131 is adjusted. That is to say that with a

maximum adjustment path of the flap the angle between the drive rod 30 or 130 and

the adjustable flap A 1, A2, B 1, B2 or K alters by an amount which is 30% less, and



preferably 50% less, than the alteration of angle that occurs between the drive rod 30

or 130 and the actuator lever 22 or 122.

The load sensor S-D is provided for purposes of measuring loads, which as a result of

external forces acting on the adjustable flap A , A2, B 1 , B2 or K are transferred from

the adjustable flap A 1, A2, B 1, B2 or K onto the kinematic adjustment mechanism VK.

Here provision can be made that the attainment or transgression of a maximum load is

measured with the load sensor S-D. Alternatively or additionally provision can be made

that the lack of attainment and/or transgression of a operational load is measured with

the load sensor S-D. This occurs in particular in the event of a disconnect of a

kinematic adjustment mechanism VK.

In accordance with one example of embodiment of the adjustment system, or high-lift

system 1, the sensors are directly connected with a "central" control and monitoring

device C, preferably arranged centrally in the aeroplane fuselage, wherein the signals

from the load sensors S-D are transmitted to the central control and monitoring device

C for purposes of evaluation, in which the comparison function is implemented for the

comparison of the sensor signals registered by the load sensors S-D with design

values, and also the evaluation with an assignment of a fault state to an adjustment

device in the event of the presence of an appropriate deviation between the values that

have been compared with one another (Figure 1). Furthermore a reconfiguration

function can be implemented in the central control and monitoring device C; which, on

the basis of an assignment of a fault state to an adjustment device, generates

commands for the reconfiguration of the adjustment system 1 or the flight guidance

device of the aeroplane. Such a command can e.g. be a command to activate the

braking devices B 1, B2, WTB of the adjustment system and/or the commanding of a

safety mode of operation or a back-up mode of operation in the flight guidance device

of the aeroplane, e.g. a landing mode modified relative to the normal landing mode, in

which the adjustable flaps A 1, A2, B 1, B2 or K that are considered to be still intact and

controllable are traversed into a setting that is suitable for landing in a favourable

manner with the determined fault state and/or a thereby determined setting of the

adjustable flap A 1, A2, B 1 , B2 or K, to which are coupled the adjustment devices A 11,



A12, B 1, B12, A21, A22, B21, B22 of the high-lift system 1 that have been determined

to be defective.

In accordance with the example of embodiment represented in Figure 4 decentralised

or local control and monitoring devices C-A1, C-A2, C-B1, C-B2 can be provided, which

are preferably assigned on the main wing surface and in the spanwise direction of the

same to those respective adjustment devices A , A12, B 1, B12, A21, A22, B21 , B22

of the same adjustable flap A1, A2, B1, B2 or K, and are preferably arranged locally in

their spatial vicinity, which adjustment devices are in each case controlled by the local

control and monitoring device C. Here provision can be made that each local control

and monitoring device C-A1 , C-A2, C-B1, C-B2 has a fault detection function and

reconfiguration function in accordance with the invention with reference to the

respectively assigned adjustment devices A 11, A 2 , B 11, B12, A21, A22, B21 , B22. In

an implementation of this kind a central control and monitoring device C is furthermore

provided, which determines and commands design settings for each of the local control

and monitoring devices C-A1 , C-A2, C-B1, C-B2. The central control and monitoring

device C receives from the local control and monitoring device C-A1 , C-A2, C-B1, C-B2

the assignment of a fault state to an adjustment device or the adjustment devices A 11,

A12, B 11, B12, A21 . A22, B21, B22 of a adjustable flap A 1, A2, B1, B2 or K, if on these

a fault is respectively detected or a sensor value deviation has been determined.

In the form of embodiment in accordance with Figure 4 a drive device PA1 , PA2, PB1 ,

PB2 is provided for each adjustable flap A 1, A2, B 1, B2; each drive device can have at

least one motor and one braking device. In the form of embodiment represented each

drive device PA1 , PA2, PB1, PB2 has two motors M-a, M-b and one gearbox, which is

coupled with the output sides of the first braking device M-a embodied as a hydraulic

motor (reference symbol H), and of the second braking device M-b embodied as an

electric motor M2 (reference symbol E), such that the power outputs provided in each

case from the devices embodied as an hydraulic motor H and an electric motor E are

summated and transferred to the rotary drive shafts 24-a, 24-b. The at least one

braking device is functionally connected with the respectively assigned decentralised

control and monitoring device C-A1 , C-A2, C-B1, C-B2. The control and monitoring

devices C-A1, C-A2, C-B1, C-B2 are embodied such that under predetermined



conditions, and in particular upon the assignment of a critical fault state to one of the

components of the adjustment system, these can actuate the at least one braking

device B-a, B-b and thus can arrest the rotary shaft drives 24-a, 24-b. The drive

devices PA1, PA2, PB1, PB2 are embodied such that the failure of one of the two drive

motors, in the example of embodiment represented, e.g. the hydraulic motor H or the

electric drive E, can be compensated with the effect that the output power of the

gearbox is halved.

The integration of the load sensor S-D in the drive lever 130 enables a cable routing for

the functional connection of the load sensor S-D with the respectively assigned control

and monitoring device C, C-A1 , C-A2, C-B1, C-B2 via the respective adjustable flap K,

via at least one of the bearing assemblies 141 of this adjustable flap K, into the main

wing surface to the respectively assigned control and monitoring device C, C-A1, C-A2,

C-B1 , C-B2. This form of embodiment of the cable routing can be implemented both in

the case of a bearing assembly with a kinematic track mechanism, and also in the case

of a bearing assembly with a dropped-hinge kinematic mechanism. In this manner a

cable routing via the actuator is avoided and an implementation with relatively simple

plug-in connections between cable sections is made possible.

This cable routing is schematically represented in Figure 3 with the aid of a bearing

assembly 141 in a dropped-hinge kinematic mechanism. The cable 200 runs from the

load sensor S-D along the connecting device 135, and from there via an opening into

the interior of the adjustable flap K. Alternatively the cable 200 can also be introduced

from the articulation 132 into an internal cavity of a connecting device 135, and from

there into the adjustable flap K. Within the adjustable flap K a collection point 210 can

be provided, at which the cable 200 coming from the load sensor S-D can be joined

together with one or a plurality of further cables, in particular for purposes of connecting

sensors to the respective control and monitoring device, as is represented, for

example, in Figure 2 . From there the cable 200 is guided via at least one articulated

support 145, 145a, 145b to the articulated bearing 212, with which the articulated

support is articulated on the attachment strut 143. Here the cable 200 can have a plug-

in connection 2 11 on the structural attachment or coupling of the articulated support

145 or an articulation strut 145a, 145b of the same, for purposes of connecting two



cable sections of the cable line 200, in order to be able to implement the adjustable flap

K, such that it can be released from the articulated support and thus from its bearing

assembly. The cable line 200 then runs past the articulation 144 along the attachment

strut 143 into the interior of the main wing surface H. On the articulation 144 a plug-in

connection of two cable sections can again be provided. The articulated supports 145,

145a, 145b and the attachment strut 143 can have hollow interiors with devices for

cable routing, and the cable line 210 can run in the interiors of the articulated supports

145, 145a, 145b and in the interior of the attachment strut 143. The hollow interior can

in particular be implemented in terms of an empty conduit, which is fitted to the outer

face of the articulated supports 145, 145a, 145b and/or of the attachment strut 143,

installed in the articulated supports 145, 145a, 145b and/or the attachment strut 143, or

structurally integrated into the articulated supports 145, 145a, 145b and/or the

attachment strut 143.

In the case of an adjustment system with local control and monitoring devices C-A1, C-

A2, C-B1, C-B2 , the cable line 202 is routed to these control and monitoring devices

C-A1 , C-A2, C-B1 , C-B2, which are respectively assigned to the flap K concerned. In

the case of an adjustment system with a central control and monitoring device C the

cable line 200 is routed to the same control and monitoring device C.



Claims

1. An adjustment system for a fault-tolerant aeroplane adjustable flap system,

having:

at least one adjustable flap (A1 , A2; B 1, B2), supported by means of an

articulation device and adjustable on each of the wings of an aeroplane,

at least one adjustment device (A1 1, A 12 , B 11, B12, A21, A22, B21 , B22) for

purposes of adjustment of the adjustable flap (K; A 1, A2; B 1, B2), wherein each

adjustment device has: an actuator (20) and a kinematic adjustment mechanism

(VK) for the kinematic coupling of the actuator (20) to the adjustable flap (A1 , A2;

B 1 , B2) with a drive rod (130), which via a first articulation (131) is coupled to the

actuator (20) and via a second articulation (132) is coupled to the adjustable flap

(K; A1. A2; B 1, B2),

at least one drive device (PA1, PA2, PB1 , PB2) for purposes of driving the

adjustment devices (A1 1, A12, B 11, B12, A21, A22, B21 , B22), and

a load sensor (S-D) for purposes of capturing the load occurring in the load path

between the actuator and the adjustable flap of the respective adjustment device,

which is suitable for purposes of measuring the longitudinal force occurring in a

drive rod along its longitudinal direction (L1),

a control and monitoring device (C), functionally connected with the at least one

drive device (PA1, PA2, PB1 , PB2), for purposes of adjustment of the adjustment

devices (A 1, A12, B 11, B12, A21, A22, B21, B22), which control and monitoring

device is functionally connected with the load sensor (S-D) for purposes of

receiving the sensor signals generated by the load sensor.



2 . The adjustment system in accordance with Claim 1, characterised in that the

load sensor is formed from at least one strain gauge, which is fitted to the drive rod

(130).

3 . The adjustment system in accordance with Claim 1 or 2 , characterised in that

the drive rod (130) is formed from a first drive rod section (130a), articulated on

the actuator lever (122), a second drive rod section (130b), articulated on the

adjustable flap (K; A 1, A2; B 1, B2), and a transverse pin (133) coupling these,

wherein the drive rod sections (130a, 130b) are arranged partially overlapping

one another with the formation of an overlap region (130c), and the transverse pin

for purposes of producing a force-transferring coupling of the drive rod sections

(130a, 130b) passes through the latter in their overlap region (130c) transverse to

the longitudinal direction (L1) of the drive rod (130),

the load sensor (S-D) is a sensor arranged on the transverse pin (133) for

purposes of determining the transverse forces acting on the transverse pin (133),

which result from the forces occurring in the drive rod (130).

4 . The adjustment system in accordance with Claim 3 , characterised in that the

transverse pin (133) is configured as a hollow pin forming at least partially an interior,

and in that the load sensor is formed from at least one strain gauge, which is arranged

in the interior of the transverse pin (133).

5 . The adjustment system in accordance with Claim 4 , characterised in that the

load sensor is formed from a plurality of strain gauges in a full bridge arrangement.



6 . The adjustment system in accordance with Claim 4 or 5 , characterised in that

the load sensor is embodied as a temperature-compensated sensor arrangement.

7 . The adjustment system in accordance with Claim 1 or 2 , characterised in that

the drive rod (130) is formed from a first drive rod section (130a) articulated on the

actuator lever (122), a second drive rod section (130b) articulated on the adjustable

flap (K; A1, A2; B 1 , B2), and a coupling device coupling these, which has a load sensor

for purposes of determining longitudinal forces occurring in the drive rod (130).

8 . The adjustment system in accordance with Claim 7, characterised in that the

coupling device has a pre-tensioning device and/or a damper device, with which the

load sensor for purposes of determining longitudinal forces is integrated.

9 . The adjustment system in accordance with one of the Claims 7 or 8 ,

characterised in that the load sensor is formed from a load cell.

10. The adjustment system in accordance with one of the preceding claims,

characterised in that,

the load sensor is connected via a signal connecting cable with the control and

monitoring device (5) for purposes of transmitting the sensor signals generated by

the load sensor, which cable leads from the load sensor into the adjustable flap

(A1, A2; B1, B2), within the adjustable flap (A1, A2; B1, B2), together with the

signal connecting line coupled with the respective load sensor of the at least one

further adjustment device (A1 1, A 12 , B 11, B 12 , A21 , A22, B21 , B22), is routed

out of the adjustable flap (A1 , A2; B 1, B2) via an opening device of the adjustable

flap (A1 , A2; B1, B2), so that the signal connecting lines from there can be routed

into the main wing surface and to the control and monitoring device (5).



11. The adjustment system in accordance with one of the preceding claims,

characterised in that the load sensor is connected via a signal connecting cable with

the control and monitoring device (C) for purposes of transmitting the sensor signals

generated by the load sensor, which cable leads from the load sensor into the

adjustable flap (A1 , A2; B1, B2), within the adjustable flap (A1, A2; B1, B2), together

with the signal connecting line coupled with the respective load sensor of the at least

one further adjustment device (A1 1, A12, B 11, B12, A21, A22, B21, B22) is routed out

of the adjustable flap (A1 , A2; B 1, B2) via an opening device of the adjustable flap (A1 ,

A2; B 1, B2), so that the signal connecting lines from there can be routed into the main

wing surface and to the control and monitoring device (C).

12. The adjustment system of an aeroplane in accordance with one of the

preceding claims, characterised in that the control and monitoring device (C) has a fault

detection function, which is embodied such that this assigns a fault state to an

adjustment device with a load sensor, if on the basis of the sensor signals received

from the load sensor (S-K) this determines a failure to attain a set point value indicating

an operational load.

13 . The adjustment system of an aeroplane in accordance with Claim 12,

characterised in that the set point value indicating an operational load is less than 60%

of the value measured by the load sensor for the maximum permissible operational

load, or a load determined as a maximum operational load.

1 . The adjustment system of an aeroplane in accordance with one of the

preceding Claims 12 or 13, characterised in that the set point value indicating an

operational load is specified as a fixed value in the control and monitoring device (C).



15 . The adjustment system of an aeroplane in accordance with one of the

preceding Claims 12 or 13, characterised in that the control and monitoring device (C)

has a set point value determining function, with which the set point value indicating an

operational load is determined under operational conditions by the control and

monitoring device (C) on the basis of operational parameters of the aeroplane.

16. The adjustment system of an aeroplane in accordance with Claim 15,

characterised in that the set point value indicating an operational load is determined in

the control and monitoring device (C) on the basis of an assignment of set point values

specified as a function of the regulating position of the respectively assigned adjustable

flap (A1, A2; B1, B2; K) and the respectively registered regulating position of the

respectively assigned adjustable flap (A1 , A2; B1, B2; K).

17. The adjustment system in accordance with one of the Claims 15 or 16,

characterised in that the set point value indicating an operational load is a set point

value determined from state parameters of the aeroplane.
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