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APPARATUS AND METHODS FOR ACTUATING A DOUBLE-SLOTTED FLAP
USING A SLAVE SCREW

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application relies for priority on U.S. Provisional Patent Application Serial
No. 62/339,242, entitled “APPARATUS AND METHODS FOR ACTUATING A DOUBLE-
SLOTTED FLAP USING A SLAVE SCREW,” filed May 20, 2016, the entire content of which

1s hereby incorporated by reference.

TECHNICAL FIELD
[0002] The disclosure relates generally to aircraft high-lift flight control surfaces, and more

particularly to apparatus and methods for actuating a double-slotted flap coupled to an aircraft

wing.

BACKGROUND OF THE ART

[0003] Flaps are a type of deployable high-lift device used to increase the lift of an aircraft
wing at a given airspeed and are usually mounted at the trailing edge of a wing of a fixed-wing
aircraft. Flaps can typically lower the minimum speed at which the aircraft can be safely flown.
Flaps can also cause an increase in drag so they are typically retracted when not needed.

[0004] One common type of flap 1s the “double-slotted” type of flap that comprises a
forward flap panel and an aft flap panel. The use of double-slotted tlaps can require actuation
mechanisms of increased complexity but the use of double-slotted flaps can nevertheless be
desirable on some aircraft. Some known actuation mechanisms for double-slotted flaps have a
significant height/thickness and therefore require fairings spaced apart on an underside of a wing
in order to house such actuation mechanisms. The presence of such fairings disposed on a wing

can produce drag which can affect fuel economy and consequently the range of an aircratt.

SUMMARY

[0005] In one aspect, the disclosure describes an apparatus for actuating a double-slotted
flap movably coupled to an aircraft wing where the double-slotted flap comprises a first panel and

a second panel movable relative to the first panel. The apparatus comprises:
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an actuator configured to actuate the first panel of the double-slotted flap relative to a
structure of the aircraft wing; and

a slave-drive assembly configured to actuate the second panel relative to the first panel via
a slave screw, the slave screw being configured to be induced to rotate by motion of the first panel.
[0006] The apparatus may comprise a drive screw drivingly coupled to the slave screw and

configured to actuate the second panel.

[0007] The slave screw and the drive screw may be drivingly coupled in series via a
universal joint.
[0008] The slave screw may have a first thread pitch and the drive screw may have a second

thread pitch where the first thread pitch 1s greater than the second thread pitch.
[0009] The drive screw may be coupled to the second panel via a link comprising a
frangible primary connection and a secondary connection. The frangible primary connection may
comprise a shear pin.
[0010] The secondary connection may be configured to be looser than the primary
connection. The secondary connection may be configured to permit backlash between the drive
screw and the second panel. An amount of backlash between the drive screw and the second panel
may be configured to cause a monitoring system to detect a fault.
[0011] The slave-drive assembly may comprise a drive nut engaged with the drive screw
for transferring rotary motion of the drive screw into motion of the second panel relative to the
first panel.
[0012] The slave-drive assembly may comprise:

a slave nut engaged with the slave screw and configured to be secured to the structure of
the aircraft wing; and

a motion transfer device configured to be secured to the first panel of the double-slotted
flap for converting motion of the first panel into motion of the slave screw through the slave nut
to induce rotation of the slave screw.
[0013] In another aspect, the disclosure describes an aircraft comprising an apparatus for
actuating a double-slotted flap as disclosed herein.
[0014] In a further aspect, the disclosure describes a method for actuating a double-slotted
flap movably coupled to an aircraft wing where the double-slotted flap comprises a first panel and

a second panel movable relative to the first panel. The method comprises:
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actuating the first panel of the double-slotted flap relative to a structure of the aircraft wing;

using motion of the first panel to induce rotation of a slave screw; and

using the rotation of the slave screw to actuate the second panel relative to the first panel.
[0015] The method may comprise transferring the rotation of the slave screw to a drive
screw for actuating the second panel.
[0016] The slave screw may have a first thread pitch and the drive screw may have a second

thread pitch where the first thread pitch 1s greater than the second thread pitch.

[0017] The method may comprise actuating the second panel via a frangible primary
connection.
[0013] The method may comprise retaining the second panel via a secondary connection

upon loss of the primary connection. The secondary connection may be configured to permit
backlash.
[0019] The method may comprise:

transferring the rotation of the slave screw to a drive screw for actuating the second panel,
the actuation of the second panel being done via a frangible primary connection; and

retaining the second panel via a secondary connection upon loss of the primary connection,
the secondary connection being configured to permit backlash between the drive screw and the
second panel.
[0020] The method may comprise detecting a fault due to an amount of backlash permitted
by the secondary connection. The fault may be representative of an excessive skew of the second
panel.
[0021] Further details of these and other aspects of the subject matter of this application

will be apparent from the detailed description and drawings included below.

DESCRIPTION OF THE DRAWINGS

[0022] Reference 1s now made to the accompanying drawings, in which:

[0023] FIG. 1 1s a top plan view of an exemplary aircraft comprising a double-slotted flap;
[0024] FIG. 2 1s a perspective view of the double-slotted flap of the aircraft of FIG. 1
together with an exemplary apparatus for actuating the double-slotted flap;

[0025] FIG. 3 1s a perspective view of an exemplary slave-drive assembly of the apparatus
of FIG. 2;
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[0026] FIGS. 4A and 4B are side elevation views of the slave assembly of FIG. 3 together
with the interior of the double-slotted flap of FIG. 2 respectively showing the double-slotted flap

in a retracted position and 1n a deployed position;

[0027] FIG. 5 1s a perspective view of a link of the slave assembly of FIG. 3 for coupling
to an aft panel of the double-slotted flap;

[0028] FIG. 6 1s a cross-sectional view of the link of FIG. 5 taken along line 6-6 in FIG. 5;
and

[0029] FIG. 7 1s a flow chart 1llustrating a method for actuating a double-slotted flap.
DETAILED DESCRIPTION

[0030] The present disclosure relates to apparatus and methods for actuating trailing edge

high-lift devices such as double-slotted flaps. In some embodiments, the apparatus disclosed
herein may be of relatively small height (1.e., low profile) so that relatively large drag-producing
fairings on the underside of aircraft wings may not be required. In some embodiments, the
apparatus disclosed herein may have a sufficiently small height so that the apparatus may be
housed entirely 1nside the wing. Alternatively, in some embodiments and depending on the
specific installation, the apparatus may require one or more relatively smaller fairings producing
relatively less drag than larger fairings. Accordingly, in some embodiments, the apparatus and
methods disclosed herein may contribute toward a more efficient aircraft wing of reduced drag
and toward an improved fuel economy of an aircraft.

[0031] In some embodiments, the apparatus and methods disclosed herein may make use
of a slave screw for the actuation of an aft panel of a double-slotted flap. The slave screw may be
induced to rotate by the motion of a forward panel of the double-slotted flap actuated by an actuator
so that a separate dedicated actuator/motor may not be required to actuate the aft panel of the
double-slotted flap. The lack of a separate actuator/motor for actuating the aft panel may, in some
embodiments, reduce complexity relative to known actuation systems for double-slotted flaps.
[0032] Aspects of various embodiments are described through reference to the drawings.
[0033] FIG. 1 1s a top plan view of an exemplary aircraft 10 which may comprise an
apparatus for actuating a double-slotted flap as disclosed herein. Aircraft 10 may be any type of

aircraft such as corporate (e.g., business jet), private, commercial and passenger aircraft suitable
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for civil aviation. For example, aircraft 10 may be a narrow-body, twin-engine jet airliner. Aircraft
10 may be a fixed-wing aircratt.

[0034] Aircraft 10 may comprise one or more wings 12, fuselage 14, one or more engines
16 and empennage 18 of known or other type. One or more of engines 16 may be mounted to
fuselage 14. Alternatively, or in addition, one or more of engines 16 may be mounted to wings
12. Wings 12 may each include one or more flight control surfaces such as aileron(s) 20, leading
edge slat(s) 22, spoiler(s) 24 and trailing edge flap(s) 26. Leading edge slats 22 and trailing edge
flaps 26 may be considered “high-lift” flight control surfaces that may be deployed to increase the
amount of lift generated by wings 12 during landing, take-off and/or during any other appropriate
phases of tlight or conditions requiring increased lift. One or more trailing edge flaps 26 may be
disposed at or near a trailing edge of each wing 12 and may define at least a portion of a trailing
edge of each wing 12. At least one of trailing edge flaps 26 may be a double-slotted flap of known
or other type and 1s referred to as “double-slotted flap 26 hereinatter.

[0035] FIG. 2 1s a perspective view of an exemplary apparatus 28 (referred hereinafter as
“actuating apparatus 28°°) for actuating double-slotted flap 26 of aircraft 10. FIG. 2 also shows
some 1nternal structure of wing 12 to which double-slotted flap 26 may be movably coupled.
Double-slotted flap 26 may comprise first panel 26A and second panel 26B movable relative to
first panel 26A. First panel 26A may comprise a forward panel of double-slotted flap 26 and
second panel 26B may comprise an aft panel of double-slotted flap 26. In some embodiments,
first panel 26A may define a larger surface area for interacting with the air than second panel 26B.
For example, first panel 26 A may have a longer chord length than second panel 26B in some
embodiments. Alternatively, in some embodiments, first panel 26A may define a smaller surface
area for interacting with the air than second panel 26B.

[0036] Double-slotted flap 26 may be movably coupled to one or more structural elements
of wing 12 such as wing spar 30 for example. Double-slotted flap 26 may be configured for
deployment along a trajectory that 1s generally along arrow A (e.g., aft and downward). In some
embodiments, arrow A may at least partially correspond generally to a streamwise direction of the
air flowing over wing 12 of aircraft 10. It 1s understood that the deployment trajectory of double-
slotted flap 26 may not necessarily be linear and may be selected based on aerodynamic
performance considerations. For example, in some embodiments, double-slotted flap 26 may be

configured to undergo “Fowler” motion. The motion of double-slotted flap 26 may be guided at
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least 1n part by two or more tracks 32 spaced apart across the span of double-slotted flap 26.
Similarly, a plurality of actuating apparatus 28 may be spaced apart across the span of double-
slotted flap 26 1n some embodiments. In some embodiments, tracks 32 may be housed 1n
respective fairings 33.

[0037] As explained 1n more detail below, each actuating apparatus 28 may comprise
actuator 34 configured to actuate first panel 26A of double-slotted flap 26 relative to a structure
(e.g., wing spar 30) of wing 12, and, slave-drive assembly 36 configured to actuate second panel
26B relative to first panel 26A using slave screw 38. Rotation of slave screw 38 may be induced
by way of motion of first panel 26A relative to wing spar 30 due to the actuation of first panel 26A
by actuator 34. In other words, slave screw 38 may be caused to rotate by conversion of (e.g.,
linear) motion of first panel 26A relative to the structure (e.g., spar 30) of wing 12. Actuator 34
may comprise a screw type of actuator of known or other type or any other suitable type of actuator
(e.g., linkages, bell-crank, etc.) suitable for actuating first panel 26A. In the exemplary
embodiment illustrated 1n FIG. 2, actuator 34 1s of the ball-screw type and 1s driven via torque tube
40 via suitable power transfer means. Actuator 34 may be driven by one or more hydraulic or
electric motor(s).

[0033] FIG. 2 also schematically shows monitoring system 42 which may be configured
to monitor at least some aspect of operation of double-slotted flap 26 and/or actuating apparatus
28. In some embodiments, monitoring system 42 may comprise one or more (€.g., position)
sensors, one or more processors, and non-transitory machine-readable medium (1.e., memory)
containing 1instructions executable by the one or more processors. In some embodiments,
monitoring system 42 may be configured to detect a fault (e.g., maltunction) of double-slotted flap
26 and/or actuating apparatus 28 and generate a suitable warning signal advising, for example, a
pilot of aircraft 10 accordingly. Alternatively or in addition, monitoring system 42 may be
configured to 1nitiate or carry out some (e.g., corrective) action upon detection of a fault of double-
slotted flap 26 and/or actuating apparatus 28. In some embodiments, monitoring system 42 may,
for example comprise skew detection capabilities of known or other type where monitoring system
42 may comprise a first sensor monitoring an inboard position of double-slotted flap 26 and a
second sensor monitoring an outboard position of double-slotted flap 26. In some embodiments,
monitoring system 42 may be configured to cause double-slotted flap 26 to remain at the position

where the fault was detected and 1nhibit further actuation of double-slotted flap 26. In some
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embodiments, monitoring system 42 may be configured to initiate or carry out any suitable action
permitting the sate operation of aircraft 10.

[0039] FIG. 3 1s a perspective view of an exemplary slave-drive assembly 36 of actuating
apparatus 28 shown 1n 1solation. In various embodiments, slave-drive assembly 36 may comprise
slave screw 38 and drive screw 44. Drive screw 44 may be drivingly coupled to slave screw 38
and configured to actuate second panel 26B relative to first panel 26A. In some embodiments,
slave screw 38 and drive screw 44 may, for example, be drivingly coupled 1n series via universal
joint 46 and thereby cooperate to define a load string. Universal joint 46 may permit drive screw
44 to be driven by slave screw 38 while still permitting misalignment between slave screw 38 and
drive screw 44 to accommodate the movement of double-slotted flap 26 relative to wing 12. It 1s
understood that rotation of slave screw 38 may be used to cause drive screw 44 to rotate via any
known or other suitable motion transfer means, such as gears for example, so that drive screw 44
may be driven by slave screw 38. In some embodiments, the average rotation rate of drive screw
44 may be substantially the same as the average rotation rate of slave screw 38.

[0040] In some embodiments, slave-drive assembly 36 may comprise slave nut 48 engaged
with slave screw 38 and configured to be secured to the structure of aircraft wing 12. For example,
in some embodiments, slave nut 48 may be secured to wing spar 30 and slave screw 38 may extend
through slave nut 48. In some embodiments, slave nut 48 may be a ball nut of known or other
type. In some embodiments, slave nut 48 may be secured to wing spar 30 via bracket 49 where
bracket 49 may permit some pivoting movement of slave nut 48 to accommodate a change 1n
orientation of slave screw 38 during actuation of double-slotted flap 26. Bracket 49 may be
configured to prevent rotation of slave nut 48 about a longitudinal axis of slave screw 38.

[0041] Slave-drive assembly 36 may also comprise motion transfer device 50 configured
to be secured to a structure of first panel 26A of double-slotted flap 26 and may facilitate the
conversion of motion of first panel 26A 1nto axial motion of slave screw 38 through slave nut 48
to induce rotation of slave screw 38. Motion transfer device 50 may be configured to permit
rotation of slave screw 38 and/or drive screw 40 to be transferred therethrough but may permit the
transfer of an axial force onto slave screw 38 due to motion of first panel 26A. In some
embodiments, motion transfer device 50 may, for example, be a thrust bearing of known or other
type. In some embodiments, motion transfer device 50 may be disposed aft of universal joint 46

along the load string defined by slave screw 38, universal joint 46 and drive screw 44.
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Accordingly, the axial force transferred onto slave screw 38 from first panel 26A may be
transferred via motion transfer device 50 and through universal joint 46.

[0042] Slave-drive assembly 36 may comprise drive nut 52 engaged with drive screw 44
and transferring rotary motion of drive screw 44 into motion of second panel 26B relative to first
panel 26A. In some embodiments, drive nut 52 may be a ball nut of known or other type. Drive
nut 52 may be coupled to second panel 26 via gimbal 54 and link 56. Link 56 may be secured to
second panel 26B 1n a manner that prevents link 56 from turning. Accordingly, the connection
established between drive nut 52 and link 56 via gimbal 54 may also prevent drive nut 52 from
turning with drive screw 44 when drive screw 44 1s driven by slave screw 38. Accordingly, the
rotation of drive screw 44 may cause axial motion of drive nut 52 along drive screw 44. The axial
motion of drive nut 52 along drive screw 44 may be transferred onto second panel 26B via gimbal
54 and link 56 so that second panel 26B may be actuated relative to first panel 26A. The actuation
of first panel 26A and second panel 26B may be guided by tracks 32 (see FIG. 2) by way of suitable
carriages of known or other type movably coupling first panel 26 A and second panel 26B to tracks
32. Link 56 may be pivotally coupled to gimbal 54 to accommodate a change 1n orientation of
second panel 26B relative to first panel 26A during actuation.

[0043] In some embodiments, slave screw 38 may have first thread pitch P1 and drive
screw 44 may have second thread pitch P2 different from first thread pitch P1. In some
embodiments, first thread pitch P1 may be greater than second thread pitch P2. First thread pitch
P1 of slave screw 38 may be sufficiently large to permit rotation of slave screw 38 to be induced
as 1t 1s forced through slave nut 48 but without requiring an excessive axial force for inducing such
rotation. It 1s understood that a larger first thread pitch P1 of slave screw 38 may be associated
with a lower axial force required to induce rotation of slave screw 38. Since the average rate of
rotation of drive screw 44 may be substantially the same as that of slave screw 38, second thread
pitch P2 of drive screw 44 may be selected to achieve the desired amount of actuation of second
panel 26B based on first thread pitch P1 of slave screw 38 and the length of slave screw 38.

10044 ] FIGS. 4A and 4B are side elevation views of slave assembly 36 and double-slotted
flap 26 respectively showing double-slotted flap 26 1n a retracted position and 1n a deployed
position. As explained above, motion transter device 50 may be secured to a structural component
of first panel 26A such as, for example, first panel spar 58 so that motion of first panel 26A may

be converted 1nto axial motion of slave screw 38. Motion transfer device 50 and drive nut 52 may
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be housed inside first panel 26A. Link 56 may be secured to a structural component of second
panel 26A such as, for example, second panel spar 60 so that motion of drive nut 52 along drive
screw 44 may be transterred to second panel 26B so as to actuate second panel 26B relative to first
panel 26A. It 1s understood that the structural connections between slave assembly 36 and the
structural elements of double-slotted flap 26 may be direct or may be indirect via one or more
intermediate load-transferring elements.

[0045] FIG. 5 1s a perspective view of link 56 of slave assembly 36 for coupling to second
panel 26B and transferring the motion of drive nut 52 along drive screw 44 to second panel 26B.
FIG. 6 1s a cross-sectional view of link 56 taken along line 6-6 1n FIG. 3.

[0046] In reference to FIGS. 5 and 6, link 56 may be coupled to drive nut 52 via gimbal
54. In some embodiments, link 56 may comprise first link portion S6A and second link portion
56B. First link portion S6A may be coupled to gimbal 54 via a suitable fastener (e.g., bolt, pin)
extending through support bearing 62. Depending on the nature of motion of second panel 26B,
support bearing 62 may, for example, be a spherical bearing or plain bushing. Second link portion
36B may be coupled to a structure of second panel 26B via one or more suitable fasteners
extending though one or more corresponding holes 64. For example, a structural flange of second
panel 26B may be received into coupling slot 66 so that fastener(s) extending through hole(s) 64
may also extend through the structural flange to thereby couple second link portion 56B to second
panel 26B.

[0047] First link portion 56A and second link portion 56B may be coupled together via a
frangible primary connection and a secondary connection so that drive assembly 36 may
consequently be coupled to second panel 26B via such frangible connection. In some
embodiments, such frangible connection may comprise shear pin 68. Shear pin 68 may be
designed to shear under a predetermined amount of load between first link portion S6A and second
link portion 56B. The predetermined amount of load necessary to cause shear pin 68 to shear may
be selected to avoid causing structural damage to double-slotted flap 26 and/or any structure
associated therewith in the event of a jam of second panel 26B.

[0043] In the event of a jam of second panel 26B where the rotation of drive screw 44
would cause shear pin 68 to shear, first link portion S6A and second link portion S6B would still
be retained together via the secondary connection provided by one or more slider pins 70 extending

through one or more corresponding slider slots 72. This secondary connection may be configured
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to be looser than the primary connection provided by shear pin 68. For example, the secondary
connection may be configured to retain second panel 26B to slave-drive assembly 36 while
permitting some backlash (play) between first link portion 56A and second link portion 56B and
consequently permit backlash between drive screw 44 and second panel 26B. The amount of
backlash provided by the secondary connection may be selected (e.g., by the length of slider slots
72) to cause monitoring system 42 to detect a fault associated with the operation of double-slotted
flap 26. Such fault may be an amount of skew between an inboard portion of double-slotted flap
26 (e.g., of second panel 26B) and an outboard portion of double-slotted flap 26 (e.g., of second
panel 26B) as detected using suitable position sensors for example. This way, the secondary
connection may be configured to make use of a flap skew detection system of aircraft 10 for the
purpose of detecting the loss of the primary connection (e.g., shear pin 68). Upon detection of
such fault, monitoring system 42 may initiate or generate a suitable warning for a pilot of aircraft
10. In some embodiments, monitoring system 42 may 1initiate or carry out some corrective action
permitting aircraft 10 to be flown sately. For example, in some embodiments, monitoring system
42 may be configured to cause double-slotted flap 26 to remain at the deployed/retracted position

at which the fault occurred and to inhibit further actuation of double-slotted flap 26.

[0049] Link 56 may also comprise cover 74 to help protect slider slots 72 from
contamination.
[0050] FIG. 7 1s a flow chart illustrating method 700 for actuating double-slotted flap 26

of aircraft 10. Method 700 may be performed 1n entirety or in part using apparatus 28 disclosed
herein. Accordingly, aspects of apparatus 28 described herein are also applicable to method 700.
Method 700 may be configured to actuate double-slotted flap 26 movably coupled to aircraft wing
12 where double-slotted flap 26 comprises first panel 26A and second panel 26B movable relative
to first panel 26A. In various embodiments, method 700 may comprise: actuating first panel 26 A
of double-slotted flap 26 relative to a structure (e.g., wing spar 30) of aircraft wing 12 (see block
702); using motion of first panel 26A to 1induce rotation of slave screw 38 (see block 704); and
using the rotation of slave screw 38 to actuate second panel 26B relative to first panel 26A (see
block 706).

[0051] In some embodiments, method 700 may comprise transferring the rotation of slave

screw 38 to drive screw 44 for actuating second panel 26B. As explained above, slave screw 38
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may have first thread pitch P1 and drive screw 44 may have second thread pitch P2 where first
thread pitch P1 1s greater than second thread pitch P2.

[0052] In some embodiments, method 700 may comprise actuating second panel 26B via
a frangible primary connection such as, for example, shear pin 68. Upon loss of the primary
connection, method 700 may comprise retaining second panel 26B via a secondary connection
such as, for example, slider pins 70 and slider slots 72 shown 1n FIGS. 5 and 6.

[0053] As explained above, the secondary connection may be configured to permit
backlash. Accordingly, in some embodiments, method 700 may comprise detecting fault due to
an amount of backlash permitted by the secondary connection. The fault may be an excessive skew
of second panel 26B detected using monitoring system 42 for example.

[0054] The above description 1s meant to be exemplary only, and one skilled 1n the relevant
arts will recognize that changes may be made to the embodiments described without departing
from the scope of the invention disclosed. For example, the blocks and/or operations in the
flowcharts and drawings described herein are for purposes of example only. There may be many
variations to these blocks and/or operations without departing from the teachings of the present
disclosure. For instance, blocks may be added, deleted, or modified. The present disclosure may
be embodied in other specific forms without departing from the subject matter of the claims. Also,
one skilled 1n the relevant arts will appreciate that while the apparatus and methods disclosed and
shown herein may comprise a specific number of elements/components, the apparatus and methods
could be modified to include additional or fewer of such elements/components.

[0055] The present disclosure 1s also intended to cover and embrace all suitable changes
in technology. Modifications which fall within the scope of the present invention will be apparent
to those skilled 1n the art, 1n light of a review of this disclosure, and such modifications are intended
to fall within the appended claims. Also, the scope of the claims should not be limited by the
preferred embodiments set forth 1n the examples, but should be given the broadest interpretation

consistent with the description as a whole.
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WHAT IS CLAIMED IS:

1. An apparatus for actuating a double-slotted flap movably coupled to an aircraft wing where
the double-slotted flap comprises a first panel and a second panel movable relative to the first
panel, the apparatus comprising:

an actuator configured to actuate the first panel of the double-slotted flap relative to a
structure of the aircraft wing; and

a slave-drive assembly configured to actuate the second panel relative to the first panel via

a slave screw, the slave screw being configured to be induced to rotate by motion of the first panel.

2. The apparatus as defined in claim 1, comprising a drive screw drivingly coupled to the

slave screw and configured to actuate the second panel.

3. The apparatus as defined in claim 2, wherein the slave screw and the drive screw are

drivingly coupled 1n series via a universal joint.

4. The apparatus as defined 1n any one of claims 2 and 3, wherein the slave screw has a first
thread pitch and the drive screw has a second thread pitch, the first thread pitch being greater than
the second thread pitch.

d. The apparatus as defined 1n any one of claims 2 to 4, wherein the drive screw 1s coupled to

the second panel via a link comprising a frangible primary connection and a secondary connection.

6. The apparatus as defined 1n claim 5, wherein the frangible primary connection comprises
a shear pin.
7. The apparatus as defined in any one of claims 5 and 6, wherein the secondary connection

1s configured to be looser than the primary connection.

3. The apparatus as defined 1n any one of claims 5 to 7, wherein the secondary connection 1s

configured to permit backlash between the drive screw and the second panel.
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9. The apparatus as defined in claim 8, wherein an amount of backlash between the drive

screw and the second panel 1s configured to cause a monitoring system to detect a fault.

10. The apparatus as defined in any one of claims 2 to 9, wherein the slave-drive assembly
comprises a drive nut engaged with the drive screw for transferring rotary motion of the drive

screw 1nto motion of the second panel relative to the first panel.

11. The apparatus as defined 1n any one of claims 1 to 10, wherein the slave-drive assembly
COMPprises:

a slave nut engaged with the slave screw and configured to be secured to the structure of
the aircraft wing; and

a motion transfer device configured to be secured to the first panel of the double-slotted
flap for converting motion of the first panel into motion of the slave screw through the slave nut

to induce rotation of the slave screw.

12. An aircraft comprising the apparatus as defined 1n any one of claims 1 to 11.

13. A method for actuating a double-slotted flap movably coupled to an aircraft wing where
the double-slotted flap comprises a first panel and a second panel movable relative to the first
panel, the method comprising:
actuating the first panel of the double-slotted flap relative to a structure of the aircraft wing;
using motion of the first panel to induce rotation of a slave screw; and

using the rotation of the slave screw to actuate the second panel relative to the first panel.

14. The method as defined 1n claim 13, comprising transferring the rotation of the slave screw

to a drive screw for actuating the second panel.
13. The method as defined in claim 14, wherein the slave screw has a first thread pitch and the

drive screw has a second thread pitch, the first thread pitch being greater than the second thread

pitch.
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16. The method as defined 1n any one of claims 13 to 15, comprising actuating the second

panel via a frangible primary connection.

17. The method as defined 1n claim 16, comprising retaining the second panel via a secondary

connection upon loss of the primary connection.

18. The method as defined 1n claim 17, wherein the secondary connection 1s configured to
permit backlash.
19. The method as defined 1n claim 13, comprising:

transferring the rotation of the slave screw to a drive screw for actuating the second panel,
the actuation of the second panel being done via a frangible primary connection; and

retaining the second panel via a secondary connection upon loss of the primary connection,
the secondary connection being configured to permit backlash between the drive screw and the

second panel.

20. The method as defined 1in any one of claims 18 and 19, comprising detecting a fault due to

an amount of backlash permitted by the secondary connection.

21. The method as defined 1n claim 20, wherein the fault 1s representative of an excessive skew

of the second panel.

22. Any, some, or all features of novelty described, suggested, referred to, exemplified, or shown

herein, and corresponding apparatus, components, other devices, and associated methods.
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700
\*

702

ACTUATING A FIRST PANEL OF A DOUBLE-SLOTTED FLAP
RELATIVE TO ASTRUCTURE OF AN AIRCRAFT WING.

704
USING MOTION OF THE FIRST PANEL TO INDUCE
ROTATION OF A SLAVE SCREW.

706

USING THE ROTATION OF THE SLAVE SCREW TO ACTUATE
THE SECOND PANEL RELATIVE TO THE FIRST PANEL.

Fig. 7
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