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(57) Abrege/Abstract:
A method of operating actuators simultaneously for moving at least two aircraft movable aerodynamic surfaces, the methoad

comprising the steps of: « controlling the actuators to move the aerodynamic surfaces towards a predetermined position; « during
the movement, detecting a slowest actuator; and « adapting the control of the actuators to match the actions of the slowest
actuator. A drive device for aerodynamic surfaces and an aircraft including such a device.
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(57) Abstract: A method of operating actuators simultaneously for moving at least two aircrait movable acrodynamic surfaces, the

method comprising the steps of: ¢ controlling the actuators to move the aerodynamic surfaces towards a predetermined position; e
o during the movement, detecting a slowest actuator; and * adapting the control of the actuators to match the actions of the slowest ac -
tuator. A drive device for aerodynamic surfaces and an aircraft including such a device.
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Field of the invention

pre——

The present 1nvention relates to a method of

operatlng actuators simultaneously for moving ailrcraft

movable aerodvynamic surfaces such as flaps. The

lnvention also provides an alrcraft movable aerodynamic

surface drive device and an alrcraft provided with such a

device.

Background of the invention

Most ailrplanes are fitted with flaps for 1ncreasing

—

the 11ft of the alrplane while flying at relatively low

pr.

speed such as while landing and while taking o

Depending on flyving condiltions, the flaps must be capable

pre——

of being taken to di

pre——

"erent positions, generally a

retracted position, and positions 1n which they are

extended by 25%, 50%, 75%, and 100%, respectively.

—

Fach wing of the alrplane 1s thus provided with at

least one flap. The flaps must be moved simultaneously

and wlthout twlsting i1into their various positions, with

pre——

any offset 1n position between the two flaps giving rise

— —

to an unbalance of the airplane that, 1f large, could

lead to the airplane crashing.

—
e

The movement of flaps 1s thus generally provided by

pre——

a silngle motor that 1s arranged 1n the fuselage of the

alrcraft and that rotates shafts extending 1nside the

wings as far as the flaps. The shafts are coupled to the

flaps 1n such a manner that rotating the shafts 1n one

directlion or the other causes the flaps to be extended or
retracted.

such devices are heavy, bulky, and installing them

1n an alrplane 1s very constralning.
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Object and summary of the

pre——

PCT/EP2012/053409
2

invention

An object of the i1invention 1s to provide means

—

enabling the drawbacks of

remedied at least 1n part

movable aerodynamic surfa

The 1nvention result

seeking to assoclate at 1

prior art devilices to be
whille guaranteelng that the

ces are moved reliably.

pre——

s from a different approach

cast one actuator with each

movable aerodvynamic surface 1n such a manner that the

—
e

—

actuator of one flap 1n a palr of movable aerodynamic

surfaces 1s mechanically

pre—— pre——

1ndependent of the actuator of

—

the other flap 1n said pair of flaps. However, 1t then

becomes necessary to provide dedilicated means for ensuring

—

that the movements of the movable aerodynamic surfaces

are svynchronized.

To this end, the 1nvention provides a method of

—
e

operating actuators slmultaneously for moving at least

two alrcraft movable aerodynamic surfaces, the method

pre——

comprilising the steps of:

controlling the actuators to move the movable

aerodynamlic surfaces towards a predetermlined position;

during the movement, detecting a slowest actuator;

and

—

adapting the control of the actuators to match the

pre——

actions of the slowest actuator.

Thus, each movable aerodynamic surface 1s assoclated

wlth at least one actuator enabling the movable

aerodynamic surface to be moved 1nto 1ts various

positions. Under such circumstances, the actuators are

—

distributed along the wing of the aircraft, thereby

maklng 1t easlier to i1nstall them. The method of the

invention makes 1t possilible to guarantee that the

pre——

movements of The mowvable

syvnchronilized, so as to avold any o

them, by controlling the

aerodynamilic surfaces are

—

"set occurring between

actuators so that they all track

the slowest actuator, 1.e. the actuators are controlled

pre——

so that all of them operate at the speed of the actuator

that 1s the slowest.
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—

The 1nventilion also provides a drive device for

pre——

driving the movable aerodynamic surfaces of an alrcraft,

the device comprising a control unit connected to

actuators for moving the movable aerodynamic surfaces and

—

programmed to 1mplement the method of the i1nvention.

Finally, the i1nven

Cl1on provides an alrcraft

pre——

including a fuselage with a respective wing on elther

pre——

side thereof, each wing belng provided with at least one

movable aerodynamic surface, the movable aerodynamic

pre——

surfaces belng coupled to a drive device of the above

cype.

Brief description of the drawings

Other characteris

lnventlion appear on readlng the

followlng description of

c1cs and advantages of the

B

pre——

a particular, non-limiting i1mplementation of the

invention.

Reference 1s made to the accompanvyving drawlngs, 1n

which:

Figure 1 1s a

B

fragmentary schematic view of an

alrcraft 1n accordance with the 1nvention; and

Figure 2 1s a schema

actuator.

More detailed description

C1C vVliew 1n perspective of an

The 1nvention 1s descrilbed more particularly 1n 1ts

appllcation to moving the flaps of

thelr various positions,

positions, namely:
/5%, or 100%.

With reference to the

retracted,

—

figures,

an alrcraft between

there generally being five such
and extended by 253, 50%,

an alrcraft comprises

a fuselage 100 wilith respective wings 101 extending from

—

elther side tThereo:

example with two flaps 102

- 7

ceach wing being fitted 1n this

assoclated with an i1identifier .1 or

distingulsh between the two flaps;

the numerical references for all o3

—

(numerical reference 102 1s

.2 1n order to
the same applies to

the elements
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—

assoclated specifically with one or the other of these

flaps). The flaps 102.1 and 102.2 are coupled to a

respectlive drilive device generally referenced 1.1 or 1.2

arranged to move the flaps 102.1 or 102.2 into each of

thelr positions.

The movements of the flaps 102.1, 102.2 are

—

controlled by the pililot of the aircraft via controls that

pre——

are connected to the central control unit 103, 1tself

known. The control unit 103 manages the operation of the
various pleces of flight and navigation eqguipment of the
alrcraft. The control unit 103 1s connected to the drive

pre——

devices 1.1, 1.2 1n order to transmit orders to them for

moving the flaps 102.1, 102.2. It 1s 1mportant to

observe that the flaps are controlled i1n pairs, 1.e. both

flaps 102.1 should be moved simultaneously with each
other and both flaps 102.2 should likewlse be moved

simultaneously with each other.

Since Tthe drive devices 1.1 and 1.2 are 1dentical to

—

cach other, only one of them 1s described below and the

pre——

numerical references of the correspondlng components are

mentioned without their i1dentifiers ".1", or ".2", except

under exceptional circumstances.

Flach drive device 1 has a control unit 2 connected

to the control unit 103 and dedicated to controlling the

flaps 102 to which the drive device 1 1s coupled.

The control unit 2 1s connected to actuators, given

overall reference 3, that are coupled to the

correspondling flaps 102. In the embodiment described,

two actuators 3 are assoclated with each flap 102.

Fach actuator 3 comprises a synchronous alternating

—

current (AC) motor 4 of the "brushless" type having an

pre——

outlet shaft driving a screw jack 5 of the ball- or

roller-screw type. The screw jack 5 has a wormscrew ©
wlth a nut 7 mounted thereon that 1s constralned 1n
translatlion with a stationary structure and that 1is

pre——

driven 1n rotation by the outlet shaft of the engine 4

via a stepdown gearbox 8. The screw 6 has one end 9
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connected to the flap 102 1n such a manner as to be

prevented from turning, and 1t drives the flap on moving

axlally.

The screw 6 1s fitted with end-of-stroke stops (not
shown) that limlt the maximum amplitude through which the

screw 6 can be moved.

Fach actuator 3 1ncludes at least a load sensor, a

pre——

position sensor 10 for sensing the position of the screw

— —

6 (e.g. of the rotary varilable d:

"erential transformer

(RVDT) type), and a position sensor for sensing the

—

position of the motor, which sensor 1s 1ncorporated 1n

pre——

the motor 4 (e.g. of the resolver, code wheel, or optical

coder or other type).

Fach actuator 3 has a faill-safe brake, referenced

—

11, arranged 1n the absence of electricity to prevent the

screw 6 from moving 1n translation. The brake 11

—

operates 1n friction and 1s of conventional structure.

The brake 11 has a first plate constralned to rotate with

the nut 7 and a second plate constrained to rotate with

the structure and movable 1n translation relative to the

first plate between a contact position (dry friction)

agalnst the first plate and a position where 1t 1s spaced

—

apart from the first plate. The second plate 1s urged

1nto the contact position by springs and 1nto the spaced-
apart position by a coll that acts, when powered, tO
attract the second plate magnetically. The brake 11 1s

dimensioned to block the actuator 1n position when the

motor 4 1s not powered, or on 1nstruction from the

control unit, to oppose the motor 4 and stop 1t 1n the

pre——

event of the motor 4 running away and no longer

respondlng to the control unit 2.

It can be understood that the control unit 2.1

—

controls the movement of the flaps 102.1 simultaneously

wlth each other and that the control unit 2.2 controls

—

the movement of the flaps 102.2 simultaneously with each

Other.
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—

The operation of a drive device 1 1s described

below, which operation 1s 1dentical both for the drive

—

device 1.1 of the flaps 102.1 and for the drive device
1.2 of the flaps 102.2.

On being put 1nto operation, the control unit 2

executes a start-up mode 1ncluding 1n particular a

—

routline for determining the positions of the actuators 3,

pre——

and a routine for detecting any failure by self-

monlitoring.

Once start-up mode has been validated, the control

—

unit 2 1s 1n normal operation mode and walts for

instructions from the control unit 103.

When the control unit 2 receilves an 1nstruction from

che control unit 103 to extend the flaps 102 through a
certaln amplitude, the control unit 2 determines the
position that 1s to be reached and the current that 1s to
be sent to the motors 4. After the brake 11 has been

unblocked, the electric motors 4 are powered to enable

the motors 4 to perform an acceleration stage, a stage at
constant speed, and then a stage 1n which the motors 4

decelerate on approaching the position that 1s to be

reached, until the motors 4 are stopped when said

poslitlion 1s reached. The control unit 2 swiltches off the

power supply to the motors 4 and simultaneously to the
brake 11, thereby causing the brake 11 to be actuated so
as to block the actuator 3 1n position.

—

The operation of the control unilit 2 makes use of two

B

servo—-control loops, one concerning posilition and the

other concernling current.

All through the three above-described operating

stages, the control unit i1dentifies the slowest motor 4

pre——

among the actuators 3 of the flaps 102 and 1t adapts the

— —

control of the motors 4 to set the control of the motors

pre——

4 to match the slowest motor 4. This synchronization of

—

"set 1n the

the actuators 3 serves to avold any time ©

pre—— pre——

extension of the flaps 1n the pair of flaps under

—

B

consideration or any offset between two portions of a
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glven flap that might otherwise not move 1n parallel,

which might jam the flap. Detecting which motor 4 1s the

slowest and adapting the control of the motors thereto

takes place periodically at a frequency that 1s

—

5 approprlate for guaranteelng that any offset 1s less than

pr.

a maximum acceptable offset value.
By way of example, detecting which motor 1s the

B

slowest may be performed by comparing the positions of

the motors and/or of the screws at a given instant in

10 order to 1dentify which actuator 1s the furthest behind.

—
e

Control 1s adapted by calculating the advance of

cach actuator relative to the slowest actuator and 1n

—

determining a speed that will enable all of the actuators

O reach the desired position at the same time as the

15 actuator that 1s the furthest behind.
Should the delay of the slowest actuator ever exceed

— —
e

a predetermined threshold, then all of the actuators of

the drive device are stopped.
Throughout the operation of the control unit 2, the

20 control unit 2 monitors 1ts own operation and the

operation of the actuators 3 1n order to detect a faillure

as soon as possible.

—
e

Various causes of failure and how they can be

detected are listed below:
25 - Jamming of the actuator when the screw remalns

statilonary and the speed of the motor 1s zero while 1ts

current consumptlon 1l1ncreases;
fallure of the angular posilition sensor of the

motor while 1ts current consumption 1s normal and

pre——

30 movement of the screw 6 1s detected;

an operating error of the control unit 2 as

detected by a fallure detection routine executed by the

control unit 2.
When a failure 1s detected, execution of a failure

35 mode 1s triggered 1n which the control unit 2 1Informs the

pre——

central control unit 103 of the aircraft that 1t 1s no

longer operating and operates the actuators 3 under 1ts
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control so that they are blocked 1n position. Thus, 1n

pre——

the event of detecting a fallure 1n at least one of the

— — —
e

actuators of one of the flaps on one of the wings, the

actuators of that flap are stopped and also the actuators

—

of the corresponding flap situated on the other wing,

while the actuators of the other flaps are controlled so
as to move. In a variant, all of the actuators could be
stopped.

Certaln failures, 1n partilicular those relating to

the control unit 2 can be detected by a failure detection
routine executed by the control unit 103 or by an
external circult dedicated to monitoring.

Naturally, the i1nvention 1s not limited to the

1mplementations described but covers any varlant comlng

—

within the ambit of the 1nvention as defined by the

claims.

In particular, the i1nvention 1s applilicable to

pre——

alrcraft of any type other than airplanes, and 1n

particular to drones.

pre——

The number of actuators per flap 1s not less than

—

one and depends, for example, on the length of the flap

and/or on the forces to be developed.

—
e

The number of flaps per wing 1s not less than one

and may be equal to three. The drive device may be

arranged to move more than one flap per wing.

The actuators may present a structure that 1s

different from that shown, and for example: they may be

purely linear or purely rotary; they may be hydraulic;

they need not have stepdown gearing;

The 1nvention 1s applicable to other movable

aerodynamic surfaces than wing flaps.
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CLAIMS:
1. A method of operating actuators simultaneously for
moving at least two aircraft movable aerodynamic
surfaces, the method comprising:

controlling the actuators to move the aerodynamic
surfaces towards a predetermined position;

during the movement, detecting a slowest actuator;
and

adapting the control of the actuators to match the

actions of the slowest actuator.

2. A method according to <¢laim 1, wherein, when an
actuator  reaches the predetermined position, that
actuator 1s stopped and the actuator 1s braked to hold it

in the predetermined position.

3. A method according to claim 1, wherein each actuator
comprises an electric motor and the method comprises a
stage of detecting a failure from a combination of at

least some of the followling parameters: aerodynamicC

surface position; motor position; motor power supply

current; actuator load.

4. A method according to claim 3, wherein each actuator
includes a brake, and the parameters used during the

failure detection mode also include the braking torque.

5. A method according to claim 3, wherein, in the event

of detecting a failure of at least one of the actuators,

all of the actuators are stopped.

6. A method according to c¢laim 3, for controlling at
least four aerodynamic surfaces distributed on both wings
of the aircraft, wherein, 1n the event of detecting a
failure of at least one of the actuators of one of the
aerodynamic surfaces on one of the wings, the actuators

of that aerodynamic surface are stopped as are the
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actuators of the corresponding aerodynamic  surface

situated on the other wing.

7. A method according to claim 6, wherein the actuators

of the other wings are controlled to move.

8. A method according to claim 1, wherein the slowest
actuator 1s detected by comparing the positions of the

actuators at a given instant.

9. A device for driving aircraft flaps, the device
comprising actuators for moving the aerodynamic surfaces
and a control unit that 1s connected to the actuators and
to actuator position sensors and that 1s programmed to
bring the actuators 1nto predetermined positions and to

implement the method according to claim 1.

10. An aircraft comprising a fuselage and two aerodynamic
surfaces disposed on either side of the fuselage and

coupled to a drive device, wherein the drive device 1is

according to claim 9.
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