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A METHOD OF OPERATING ACTUATORS SIMULTANEOUSLY FOR MOVING
ATRCRAFT FLAPS, AN AIRCRAFT FLAP DRIVE DEVICE, AND AN
ATIRCRAFT PROVIDED WITH SUCH A DEVICE

Field of the invention

The present invention relates to a method of
operating actuators simultaneously for moving aircraft
movable aerodynamic surfaces such as flaps. The
invention also provides an aircraft movable aerodynamic
surface drive device and an aircraft provided with such a

device.

Background of the invention

Most airplanes are fitted with flaps for increasing
the 1ift of the airplane while flying at relatively low
speed such as while landing and while taking off.
Depending on flying conditions, the flaps must be capable
of being taken to different positions, generally a
retracted position, and positions in which they are
extended by 25%, 50%, 75%, and 100%, respectively.

Fach wing of the airplane is thus provided with at
least one flap. The flaps must be moved simultaneously
and without twisting into their various positions, with
any offset in position between the two flaps giving rise
to an unbalance of the airplane that, if large, could
lead to the airplane crashing.

The movement of flaps is thus generally provided by
a single motor that is arranged in the fuselage of the
alrcraft and that rotates shafts extending inside the
wings as far as the flaps. The shafts are coupled to the
flaps in such a manner that rotating the shafts in one
direction or the other causes the flaps to be extended or
retracted.

Such devices are heavy, bulky, and installing them

in an airplane is very constraining.
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Object and summary of the invention

An object of the invention is to provide means
enabling the drawbacks of prior art devices to be
remedied at least in part while guaranteeing that the
movable aerodynamic surfaces are moved reliably.

The invention results from a different approach
seeking to associate at least one actuator with each
movable aerodynamic surface in such a manner that the
actuator of one flap in a pair of movable aerodynamic
surfaces is mechanically independent of the actuator of
the other flap in said pair of flaps. However, it then
becomes necessary to provide dedicated means for ensuring
that the movements of the movable aerodynamic surfaces
are synchronized.

To this end, the invention provides a method of
operating actuators simultaneously for moving at least
two aircraft movable aerodynamic surfaces, the method
comprising the steps of:

controlling the actuators to move the movable
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.

Thus, each movable aerodynamic surface is associated
with at least one actuator enabling the movable
aerodynamic surface to be moved into its wvarious
positions. Under such circumstances, the actuators are
distributed along the wing of the aircraft, thereby
making it easier to install them. The method of the
invention makes it possible to guarantee that the
movements of the movable aerodynamic surfaces are
synchronized, so as to avoid any offset occurring between
them, by controlling the actuators so that they all track
the slowest actuator, i.e. the actuators are controlled
so that all of them operate at the speed of the actuator
that is the slowest.
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The invention also provides a drive device for
driving the movable aerodynamic surfaces of an aircraft,
the device comprising a control unit connected to
actuators for moving the movable aerodynamic surfaces and
programmed to implement the method of the invention.

Finally, the invention provides an aircraft
including a fuselage with a respective wing on either
side thereof, each wing being provided with at least one
movable aerodynamic surface, the movable aerodynamic

surfaces being coupled to a drive device of the above

type.

Brief description of the drawings
Other characteristics and advantages of the
invention appear on reading the following description of
a particular, non-limiting implementation of the
invention.
Reference is made to the accompanying drawings, 1in
which:
Figure 1 is a fragmentary schematic view of an
alrcraft in accordance with the invention; and
Figure 2 is a schematic view in perspective of an

actuator.

More detailed description

The invention is described more particularly in its
application to moving the flaps of an aircraft between
their various positions, there generally being five such
positions, namely: retracted, and extended by 25%, 50%,
75%, or 100%.

With reference to the figures, an aircraft comprises
a fuselage 100 with respective wings 101 extending from
either side thereof, each wing being fitted in this
example with two flaps 102 (numerical reference 102 is
associated with an identifier .1 or .2 in order to
distinguish between the two flaps; the same applies to

the numerical references for all of the elements
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associated specifically with one or the other of these
flaps). The flaps 102.1 and 102.2 are coupled to a
respective drive device generally referenced 1.1 or 1.2
arranged to move the flaps 102.1 or 102.2 into each of
their positions.

The movements of the flaps 102.1, 102.2 are
controlled by the pilot of the aircraft via controls that
are connected to the central control unit 103, itself
known. The control unit 103 manages the operation of the
various pieces of flight and navigation equipment of the
alrcraft. The control unit 103 is connected to the drive
devices 1.1, 1.2 in order to transmit orders to them for
moving the flaps 102.1, 102.2. It is important to
observe that the flaps are controlled in pairs, i.e. both
flaps 102.1 should be moved simultaneously with each
other and both flaps 102.2 should likewise be moved
simultaneously with each other.

Since the drive devices 1.1 and 1.2 are identical to
each other, only one of them is described below and the
numerical references of the corresponding components are
mentioned without their identifiers ".1", or ".2", except
under exceptional circumstances.

Fach 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 is coupled.

The control unit 2 is connected to actuators, given
overall reference 3, that are coupled to the
corresponding flaps 102. In the embodiment described,
two actuators 3 are associated with each flap 102.

Fach actuator 3 comprises a synchronous alternating
current (AC) motor 4 of the "brushless" type having an
outlet shaft driving a screw jack 5 of the ball- or
roller-screw type. The screw jack 5 has a wormscrew 6
with a nut 7 mounted thereon that is constrained in
translation with a stationary structure and that is
driven in 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 in such a manner as to be
prevented from turning, and it drives the flap on moving
axially.

The screw 6 1s fitted with end-of-stroke stops (not
shown) that limit the maximum amplitude through which the
screw 6 can be moved.

Each actuator 3 includes at least a load sensor, a
position sensor 10 for sensing the position of the screw
6 (e.g. of the rotary variable differential transformer
(RVDT) type), and a position sensor for sensing the
position of the motor, which sensor is incorporated in
the motor 4 (e.g. of the resolver, code wheel, or optical
coder or other type).

Each actuator 3 has a fail-safe brake, referenced
11, arranged in the absence of electricity to prevent the
screw 6 from moving in translation. The brake 11
operates in friction and is of conventional structure.
The brake 11 has a first plate constrained to rotate with
the nut 7 and a second plate constrained to rotate with
the structure and movable in translation relative to the
first plate between a contact position (dry friction)
against the first plate and a position where it is spaced
apart from the first plate. The second plate is urged
into the contact position by springs and into the spaced-
apart position by a coil that acts, when powered, to
attract the second plate magnetically. The brake 11 is
dimensioned to block the actuator in position when the
motor 4 is not powered, or on instruction from the
control unit, to oppose the motor 4 and stop it in the
event of the motor 4 running away and no longer
responding to the control unit 2.

It can be understood that the control unit 2.1
controls the movement of the flaps 102.1 simultaneously
with 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 is described
below, which operation is identical 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 into operation, the control unit 2
executes a start-up mode including in particular a
routine for determining the positions of the actuators 3,
and a routine for detecting any failure by self-
monitoring.

Once start-up mode has been validated, the control
unit 2 is in normal operation mode and waits for
instructions from the control unit 103.

When the control unit 2 receives an instruction from
the control unit 103 to extend the flaps 102 through a
certain amplitude, the control unit 2 determines the
position that is to be reached and the current that is 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 in which the motors 4
decelerate on approaching the position that is to be
reached, until the motors 4 are stopped when said
position is reached. The control unit 2 switches 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 in position.

The operation of the control unit 2 makes use of two
servo-control loops, one concerning position and the
other concerning current.

All through the three above-described operating
stages, the control unit identifies the slowest motor 4
among the actuators 3 of the flaps 102 and it adapts the
control of the motors 4 to set the control of the motors
4 to match the slowest motor 4. This synchronization of
the actuators 3 serves to avoid any time offset in the
extension of the flaps in the pair of flaps under

consideration or any offset between two portions of a
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given flap that might otherwise not move in parallel,
which might jam the flap. Detecting which motor 4 is the
slowest and adapting the control of the motors thereto
takes place periodically at a frequency that is
appropriate for guaranteeing that any offset is less than
a maximum acceptable offset wvalue.

By way of example, detecting which motor is the
slowest may be performed by comparing the positions of
the motors and/or of the screws at a given instant in
order to identify which actuator is the furthest behind.

Control is adapted by calculating the advance of
each actuator relative to the slowest actuator and in
determining a speed that will enable all of the actuators
to reach the desired position at the same time as the
actuator that is the furthest behind.

Should the delay of the slowest actuator ever exceed
a predetermined threshold, then all of the actuators of
the drive device are stopped.

Throughout the operation of the control unit 2, the
control unit 2 monitors its own operation and the
operation of the actuators 3 in order to detect a failure
as soon as possible.

Various causes of failure and how they can be
detected are listed below:

Jamming of the actuator when the screw remains
stationary and the speed of the motor is zero while its
current consumption increases;

failure of the angular position sensor of the
motor while its current consumption is normal and
movement of the screw 6 is detected;

an operating error of the control unit 2 as
detected by a failure detection routine executed by the
control unit 2.

When a failure is detected, execution of a failure
mode is triggered in which the control unit 2 informs the
central control unit 103 of the aircraft that it is no

longer operating and operates the actuators 3 under its
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control so that they are blocked in position. Thus, in
the event of detecting a failure in at least one of the
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.

Certain failures, in particular 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 circuit dedicated to monitoring.

Naturally, the invention is not limited to the
implementations described but covers any variant coming
within the ambit of the invention as defined by the
claims.

In particular, the invention is applicable to
aircraft of any type other than airplanes, and in
particular to drones.

The number of actuators per flap is not less than
one and depends, for example, on the length of the flap
and/or on the forces to be developed.

The number of flaps per wing is 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 is
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 invention is applicable to other movable

aerodynamic surfaces than wing flaps.
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WHAT IS CLAIMED IS:
1. A method of operating actuators simultaneocusly for
moving at least two ailrcraft movable aerodynamic
surfaces, the method 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.

2. A method according to claim 1, wherein, when an
actuator reaches the predetermined position, that
actuator is stopped and the actuator is 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 following parameters: aerodynamic
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 claim 3, for controlling at
least four aerodynamic surfaces distributed on both wings
of the aircraft, wherein, in 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 is 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 is connected to the actuators and
to actuator position sensors and that is programmed to
bring the actuators into 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 is

according to the preceding claim.



PCT/EP2012/053409

WO 2012/117009

111

:

COM{ | COM
MON | § MON

102.2

4

& 4
r DE

¥ £ (),
| B)
\ & S
&S £
¥,

NS
)

/A

v o)



INTERNATIONAL SEARCH REPORT

International application No

PCT/EP2012/053409

A. CLASSIFICATION OF SUBJECT MATTER

INV. B64C13/50
ADD.

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

B64C

Minimum documentation searched (classification system followed by classification symbols)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

EPO-Internal, WPI Data, INSPEC

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

25 March 1998 (1998-03-25)
column 1, Tines 21-30

column 4, lines 6-10; figures

Y paragraph [0012]; figures

26 October 2006 (2006-10-26)
paragraphs [0012], [0013],
[0055], [0056]; figures

X EP 0 831 027 A2 (DOWTY BOULTON PAUL LTD
[GB] SMITHS WOLVERHAMPTON LTD [GB])

column 2, Tine 38 - column 3, line 3

X EP 1 038 765 Al (GEC MARCONI AEROSPACE INC
[US] SMITHS IND ACTUATIONS SYSTEMS [US])
27 September 2000 (2000-09-27)

[0052],

1-7,9,10

1,8-10

Y DE 10 2005 017307 Al (AIRBUS GMBH [DE]) 2

_/__

Further documents are listed in the continuation of Box C.

See patent family annex.

* Special categories of cited documents :

"A" document defining the general state of the art which is not considered
to be of particular relevance

"E" earlier application or patent but published on or after the international
filing date

"L" document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

"O" document referring to an oral disclosure, use, exhibition or other
means

"P" document published prior to the international filing date but later than
the priority date claimed

"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

"X" document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

"Y" document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

"&" document member of the same patent family

Date of the actual completion of the international search

18 July 2012

Date of mailing of the international search report

26/07/2012

Name and mailing address of the ISA/

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040,

Fax: (+31-70) 340-3016

Authorized officer

Salentiny, Gérard

Form PCT/ISA/210 (second sheet) (April 2005)

page 1 of 2




INTERNATIONAL SEARCH REPORT

International application No

PCT/EP2012/053409
C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT
Category™ | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
A EP 1 739 009 Al (HONEYWELL INT INC [US]) 1-10
3 January 2007 (2007-01-03)
abstract; figures
A EP 1 462 361 Al (AIRBUS GMBH [DE]) 1-10

29 September 2004 (2004-09-29)
abstract; figures

Form PCT/ISA/210 (continuation of second sheet) (April 2005)

page 2 of 2



INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/EP2012/053409
Patent document Publication Patent family Publication

cited in search report date member(s) date

EP 0831027 A2 25-03-1998 DE 69726082 D1 18-12-2003
DE 69726082 T2 26-08-2004
EP 0831027 A2 25-03-1998
JP 10157698 A 16-06-1998
us 6076767 A 20-06-2000

EP 1038765 Al 27-09-2000 AT 228459 T 15-12-2002
DE 60000839 D1 09-01-2003
DE 60000839 T2 25-09-2003
EP 1038765 Al 27-09-2000
ES 2188476 T3 01-07-2003
us 6224022 Bl 01-05-2001

DE 102005017307 Al 26-10-2006  BR PI0610450 A2 22-06-2010
CA 2602667 Al 19-10-2006
CN 101184664 A 21-05-2008
DE 102005017307 Al 26-10-2006
EP 1868888 Al 26-12-2007
JP 2008535732 A 04-09-2008
US 2008191089 Al 14-08-2008
WO 2006108648 Al 19-10-2006

EP 1739009 Al 03-01-2007 EP 1739009 Al 03-01-2007
US 2006289696 Al 28-12-2006

EP 1462361 Al 29-09-2004 AT 331660 T 15-07-2006
BR PI0403104 A 04-01-2005
CA 2462217 Al 27-09-2004
DE 10313728 Al 28-10-2004
EP 1462361 Al 29-09-2004
ES 2266933 T3 01-03-2007
JP 4418698 B2 17-02-2010
JP 2004291957 A 21-10-2004
RU 2346851 C2 20-02-2009
US 2005151027 Al 14-07-2005

Form PCT/ISA/210 (patent family annex) (April 2005)




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - claims
	Page 11 - claims
	Page 12 - drawings
	Page 13 - wo-search-report
	Page 14 - wo-search-report
	Page 15 - wo-search-report

