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An airplane wing comprises a main wing and a flap system that has a flap at the trailing edge of the main wing. An elongate flap
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(57) Abrégé(suite)/Abstract(continued):

guided by supporting bearing elements relative to the main wing between a forward retracted position and a rearward extended
position. The flap is rotatably connected to the rear end of the flap track member in such a manner that it can rotate about a rotation
axis that extends substantially parallel to the trailing edge of the main wing,so that the flap moves together with the flap track
member when the flap track member is moved and so that the flap can be rotated about the rotation axis mechanically
independently of the movement of the flap track member. The flap system comprises an actuator system having two actuators. The
first actuator is connected to the main wing and has an engagement member that engages the flap or the flap track member for
moving the flap together with the flap track member so that the flap track member is move able between its retracted position and
its extended position. The second actuator is connected to the flap track member so that the second actuator moves together with
the flap track member when the flap track member is moved by means of the first actuator. The second actuator has an
engagement member that engages the flap for rotating the flap about the rotation axis.
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(54) Title: AN AIRPLANE WING, AN AIRPLANE AND A FLAP SYSTEM

(57) Abstract: An airplane wing comprises a
main wing and a flap system that has a flap at
the trailing edge ot the main wing. An elongate
flap track member is connected to the main
wing in such a manner that it can be moved
substantially in its longitudinal direction and is
guided by supporting bearing elements relative
to the main wing between a forward retracted
position and a rearward extended position. The
flap is rotatably connected to the rear end of
the flap track member in such a manner that it
can rotate about a rotation axis that extends
substantially parallel to the trailing edge of the
main wing,so that the flap moves together with
the flap track member when the flap track
member is moved and so that the flap can be
rotated about the rotation axis mechanically in-
dependently of the movement of the flap track
member. The flap system comprises an actuat-
or system having two actuators. The first actu-
ator is connected to the main wing and has an
engagement member that engages the flap or
the flap track member for moving the flap to-
gether with the flap track member so that the
flap track member is move able between its re-
tracted position and its extended position. The

second actuator is connected to the flap track member so that the second actuator moves together with the flap track member when
the flap track member is moved by means of the first actuator. The second actuator has an engagement member that engages the flap
for rotating the flap about the rotation axis.
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AN AIRPLANE WING, AN AIRPLANE AND A FLAP SYSTEM

The invention relates to an airplane wing, comprising:
- a main wing having a trailing edge,
- a flap system, the flap system comprising:
o aflap at the trailing edge of the main wing,
¢ supporting bearing elements being fixed to the main wing, in particular within
the main wing, and
e an elongate flap track member being connected to the main wing in such a
manner that it can be moved substantially in its longitudinal direction and is
guided by the supporting bearing elements relative to the main wing between
a forward retracted position and a rearward extended position, the flap track
member having a front end and a rear end,
the flap being rotatably connected to the rear end of the flap track member in such a manner
that it can rotate about a rotation axis that extends substantially parallel to the trailing edge of
the main wing, so that the flap moves together with the flap track member when the flap track
member is moved and so that the flap can be rotated about the rotation axis mechanically
independently of the movement and position of the flap track member.
US 2207453 discloses an airplane wing having a main wing and two auxiliary wings.
The rear auxiliary wing is rotatably connected to the front auxiliary wing about a first rotation
axis that runs transversely to the direction of flight. The front auxiliary wing is rotatably
connected to a rear end of a slidable rail about a second rotation axis. The slidable rail can
be moved relative to the main wing in a slidable manner between a retracted position and an
extended position. A selection mechanism of levers, rods, guide rails, pivotal connections
and slidable connections is used to select different modes of operation of the auxiliary wings.
In the retracted position of the slidable rail, the front auxiliary wing is in a fixed angular
position, and the rear auxiliary wing can be rotated relative to the front auxiliary wing. Thus,
the rear auxiliary wing can be used as aileron. When the slidable rail has been moved to its
extended position, the front auxiliary wing may also be held in a fixed angular position, and
the rear auxiliary wing may be rotated relative to the front auxiliary wing, or the front and rear
auxiliary wings may be rotated together in order to control the rolling movement of the
airplane. Furthermore, with the slidable rail in its extended position, it is possible for the front
and rear auxiliary wings to be rotated in opposite directions. Thus, the front and rear auxiliary

wings may be rotated about their rotation axes in a mutually dependent manner.
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The second auxiliary wing at the rear of the first auxiliary wing, and the selection
mechanism of levers, rods, guide rails, pivotal connections and slidable connections are
complicated, generally unreliable and relatively heavy. In addition, the selection mechanism
in its retracted position protrudes below the main wing, which causes increased drag and a
higher risk of damage, for example by bird impacts.

An object of the invention is to provide an improved airplane wing.

This object is achieved according to the invention in that the flap system further
comprises an actuator system, the actuator system comprising:

- a first actuator being connected to the main wing and having an engagement
member that engages the flap or the flap track member for moving the flap together with the
flap track member so that the flap track member is moveable between its retracted position
and its extended position, and

- a second actuator being connected to the flap track member so that the second
actuator moves together with the flap track member when the flap track member is moved by
means of the first actuator, the second actuator having an engagement member that
engages the flap for rotating the flap about the rotation axis.

According to the invention, the flap can be extended rearward by operating the first
actuator and the flap can be rotated upward or downward by operating the second actuator.
A downwardly rotated position of the flap increases wing area and also the mean camber line
of the airplane wing, thereby increasing the coefficient of lift. Thus, the airplane wing can be
continuously adapted between at least a first configuration having a first coefficient of lift and
a second configuration having a second coefficient of lift that is greater than the first
coefficient of lift.

With the flap track member being guided by the supporting bearing elements relative
to the main wing, the flap track member can be moved in a sliding or rolling manner. The
elongate flap track member can be moved substantially in its longitudinal direction, i.e. along
a longitudinal axis of the elongate flap track member. For extending and retracting the flap,
the elongate flap track member can be moved in a reciprocating manner from its retracted
position to its extended position and vice versa by means of the first actuator. The first
actuator has a displaceable engagement member that engages the flap or the flap track
member. The engagement member of the first actuator can be driven in a controlled manner.
As the flap is connected to the rear end of the flap track member, the flap moves in unison
with the flap track member when the latter moves between its retracted position and its
extended position. In the retracted position of the elongate flap track member, the flap has a
stowed position. When the elongate flap track member has been displaced to its extended

position, the flap has a deployed position.
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The flap can be rotated about the rotation axis independently of the guided movement
of the flap track member, i.e. the orientation of the flap can be adjusted irrespective of the
movement and position of the flap track member. Thus, it is possible to rotate the flap about
the rotation axis in its stowed position and in its deployed position, and also in intermediate
positions therebetween. The second actuator is carried by the flap track member, i.e. the
second actuator moves in unison with the flap track member when the latter is moved from
its retracted position to its extended position and vice versa. The second actuator has a
displaceable engagement member that engages the flap so as to rotate the flap about the
rotation axis. The engagement member of the second actuator can be driven in a controlled
manner.

As the flap track member is movable relative to the main wing, the flap system can be
designed to be received within the main wing in the retracted position of the flap track
member. In the retracted position, the main wing and the flap together may form an
aerodynamically smooth wing assembly (composed wing), wherein the flap has a trailing
edge that is aligned with the trailing edge of the main wing, i.e. the trailing edge of the flap
forms part of the trailing edge of the wing assembly. Thus, the wing assembly defines an
improved streamlined aerodynamic outer surface than conventional flap systems. Preferably,
the flap track member does not protrude below the main wing, i.e. the flap track member
does not increase drag. It is noted that conventional flap systems used with modern
airplanes include flap tracks that are fixed below the main wing. Although such flap tracks are
covered by flap track fairings and the fairing drag can be decreased with sophisticated
aerodynamic design, the fairing drag still remains substantial at high airspeeds during cruise.
The flap system according to the invention can be designed so that there is no parasitic drag
of the flap system in the retracted position of the flap track member and the stowed position
of the flap. This also reduces the risk of damage by bird impacts. In addition, as the second
actuator is carried by the extendable flap track member, the flap system according to the
invention has a limited number of moving parts. This results in high reliability. Furthermore,
the flap system according to the invention can be made relatively compact, so that it does not
occupy much space in the main wing thus maintaining sufficient fuel storage capacity of the
main wing.

In a preferred embodiment, the first actuator and the second actuator can be
controlled independently from each other. For example, the flap system comprises a first
control device that is configured to control the first actuator independently of the second
actuator, and a second control device that is configured to control the second actuator
independently of the first actuator. Of course, the first and second control device may be
integrated into one control unit or control system. If the first actuator and the second actuator

can be operated independently from each other — extension and rotation of the flap are
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controlled independently from each other — the flap has two degrees of freedom. As the
extension of the flap is not mechanically coupled to its rotation, the flap can be adjusted to
any desired position.

The first actuator can be designed in various ways. It is possible for the first actuator
to be a linear actuator. The engagement member of the first linear actuator can be
configured to be displaced along a substantially straight line, i.e. along the longitudinal axis of
said engagement member. For example, the first linear actuator comprises a spindle
actuator, such as an electromechanical spindle actuator. The spindle actuator may be
provided with a threaded shaft and a drive nut member engaging the threaded shaft, wherein
the drive nut member can be driven by an electric motor so as to move the threaded shaft
along its longitudinal axis. A spindle actuator is very reliable for extending the flap.

In an embodiment, the flap track member is configured to follow a curved path when
the flap track member is moved relative to the main wing between its retracted position and
its extended position, wherein the first actuator is connected to the main wing so that its
engagement member can tilt in a substantially vertical plane. Thus, the engagement member
of the first actuator may be designed to be pivotable about a pivot axis that extends
substantially parallel to the rotation axis of the flap. For example, the extendable flap track
member has a curved shape, as seen in its longitudinal direction, and it is guided along a
corresponding curved path. In this embodiment, when the flap track member is moved by the
first actuator from its retracted position to its extended position, the flap, being connected to
the rear end of the flap track member, is extended rearward and downward relative to the
trailing edge of the main wing. The rotation of the flap can be superimposed additionally by
operating the second actuator.

The second actuator can also be designed in various ways. For example, the second
actuator is a linear actuator. The engagement member of the second linear actuator can be
configured to be displaced along a substantially straight line, i.e. along the longitudinal axis of
said engagement member. In a preferred embodiment, the second linear actuator comprises
a hydraulic actuator, for example a double-acting hydraulic actuator. When controlling the
rotation of the flap by means of the hydraulic actuator, the response time is relatively short,
i.e. the flap can be subjected to rapid rotational adjustments.

In this case, it is possible that the hydraulic actuator comprises hydraulic connections
for supplying and discharging hydraulic fluid, wherein flexible supply and discharge lines are
connected to the hydraulic connections in such a manner that the flexible supply and
discharge lines change shape when the flap track member is moved. The flexible supply and
discharge lines may be received in a flexible travelling system, for example of a caterpillar
type. Thus, the hydraulic actuator can be operated and controlled in a reliable manner while

the hydraulic actuator is displaced together with the flap track member.
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In a preferred embodiment, the engagement member of the second linear actuator
comprises a drive shaft that can be moved along a substantially straight line relative to the
flap track member, and also a linkage member that is pivotally connected to the drive shaft in
such a manner that it can pivot about a first linkage member pivot axis that extends
substantially parallel to the rotation axis of the flap, and wherein the linkage member is
pivotally connected to the flap in such a manner that it can pivot about a second linkage
member pivot axis that extends at a distance from and substantially parallel to the first
linkage member pivot axis and the rotation axis of the flap so that the flap rotates about its
rotation axis when the drive shaft of the second linear actuator is moved along a substantially
straight line relative to the flap track member. In this case, the second linear actuator is
pivotally connected to the flap by means of the linkage member. Thus, the displacement of
the drive shaft along a straight line is converted into rotation of the flap. When the second
linear actuator is a hydraulic actuator having a piston rod, said piston rod forms the drive
shaft.

In order to guide the elongate flap track member in its longitudinal direction in a
sliding or rolling manner relative to the main wing between its retracted position and its
extended position, it is possible for the main wing to comprise a guide frame that is provided
with the supporting bearing elements, which guide frame is configured to guide the elongate
flap track member relative to the main wing between said positions. The guide frame is fixed
to the wing structure and comprises the supporting bearing elements. Preferably, the flap
track member comprises longitudinal grooves, for example on either side of the flap track
member, wherein the supporting bearing elements are arranged within the longitudinal
grooves for retaining the flap track member. For example, the supporting bearing elements
may be formed by supporting guide rollers that support and guide the elongate flap track
member. The supporting guide rollers minimize friction when the flap track member is moved
relative to the guide frame.

In a preferred embodiment, the main wing comprises a front spar, a rear spar, and a
plurality of wing ribs that are fixed between the front spar and the rear spar, and wherein the
flap track member in its retracted position is received, at least partially, and optionally
substantially entirely, inside the main wing between the front spar, the rear spar and two
adjacent wing ribs. The front spar and the rear spar extend substantially parallel to each
other in the spanwise direction of the main wing. The wing ribs extend substantially
transversely with respect to the front spar and the rear spar. The front spar, the rear spar and
the wing ribs are covered by a wing skin that is generally provided with stiffeners. Most
modern airplanes have such a “wing box”. The flap track member in its retracted position is
received within the wing box of the main wing so that the flap track member does not project

significantly below the main wing. In the retracted position of the flap track member, the main
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wing and the flap define an airfoil in cross-section and the flap track member does not
protrude significantly from said airfoil shape. Thus, the flap track member does not cause
parasitic drag and reduces the risk of damage, for example by bird collision.

In this embodiment, it is possible that the rear spar comprises a passage opening
through which the flap track member travels when the flap track member is moved between
its retracted position and its extended position, wherein the passage opening in the rear spar
opens into a fluid-tight housing inside the main wing that is configured to receive the flap
track member in its retracted position inside the main wing between the front spar, the rear
spar and two adjacent wing ribs. The fluid-tight housing is sealed off from the interior of the
main wing that can be used to store fuel. The flap track member and other components of
the flap system that extend within the wing box are “canned” in the fluid-tight housing so that
fuel stored inside the wing box cannot enter the fluid-tight housing that houses the flap
system. Preferably, the fluid-tight housing closely surrounds the portion of the flap system
that extends inside the wing box so that the fuel storage capacity of the main wing is reduced
only to a minimal extent.

In a preferred embodiment, the main wing has a chord which is defined by a straight
line between the leading edge and the trailing edge of the main wing, and wherein the
second actuator is configured to rotate the flap about the rotation axis in an upward direction
and in a downward direction relative to the chord of the main wing. Using the control device
for the second actuator, the flap can be controlled to rotate about the rotation axis either in
an upward direction or a downward direction with respect to the chord of the main wing, i.e.
the flap can be selectively controlled in both directions. Thus, the flap can be used as aileron,
i.e. the flap constitutes a “ flaperon”. For example, the deployment angle of the flap is at least
40 degrees downwards and at least 3 degrees upwards. As the rotation of the flap can be
controlled independently from the extension of the flap track member, the flap can also be
used as aileron when the flap track member is retracted and the flap has its stowed position.
In this case, the flap can be used to fine-tune the airplane for minimum drag and/or minimum
fuel consumption in cruise flight conditions.

The invention also relates to an airplane comprising an airplane wing as described
herein.

In addition, the invention relates to a flap system for an airplane wing comprising a
main wing, the flap system comprising:

- a flap being configured to be arranged at a trailing edge of the main wing,

- supporting bearing elements being configured to be fixed to the main wing, and

- an elongate flap track member being configured to be connected to the main wing in
such a manner that it can be moved substantially in its longitudinal direction and is guided by

the supporting bearing elements relative to the main wing between a forward retracted
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position and a rearward extended position, the flap track member having a front end and a
rear end,

the flap being rotatably connected to the rear end of the flap track member in such a
manner that it can rotate about a rotation axis that extends substantially parallel to the trailing
edge of the main wing, so that the flap moves together with the flap track member when the
flap track member is moved and so that the flap can be rotated about the rotation axis
mechanically independently of the movement and position of the flap track member, wherein
the flap system further comprises an actuator system, the actuator system comprising:

- a first actuator being configured to be connected to the main wing and having an
engagement member that engages the flap or the flap track member for moving the flap
together with the flap track member so that the flap track member is moveable between its
retracted position and its extended position, and

- a second actuator being connected to the flap track member so that the second
actuator moves together with the flap track member when the flap track member is moved by
means of the first actuator, the second actuator having an engagement member that
engages the flap for rotating the flap about the rotation axis.

The flap system according to the invention can be provided with one or more of the
features described herein.

The invention furthermore relates to a method for adjusting the position of a flap of an
airplane wing as described herein, wherein the position of the flap is adjusted by operating
the first actuator for moving the flap together with the flap track member, in particular for
extending or retracting the flap, whereby the flap track member is moved partially or fully
along a path between its retracted position and its extended position, and/or by operating the
second actuator for rotating the flap about the rotation axis.

The invention will now be explained in more detail with reference to an exemplary
embodiment shown in the figures.

Figure 1 is a schematic top view of the airplane wing according to the invention.

Figure 2 is an enlarged top view of detail Il in figure 1.

Figure 3 is a cross-sectional view according to llI-11l in figure 2.

Figure 4 is a perspective view of the flap system shown in figure 2.

Figures 5a, 5b are perspective views of the flap system shown in figure 2, partly
broken away, with the flap in its retracted position (figure 5a) and its extended position (figure
5b).

Referring now to the exemplary embodiment illustrated in the drawings, figure 1
shows a schematic representation of part of a conventional airplane 1 comprising a fuselage
2 and two airplane wings 3 (only one airplane wing is illustrated in figure 1). It should be

understood that the airplane wings 3 are symmetrical about the fuselage 2. The flight
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direction of the airplane 1 and the airplane wing 3 is indicated by arrow A. Each airplane wing
3 includes a main wing 4 and a flap system 5. The flap system 5 is compatible with or
adaptable to modern airplanes.

The main wing 4 includes a leading edge 8 and a trailing edge 9. The main wing 4
has an airfoil shape in cross-section. A chord is defined by a straight line between the
leading edge 8 and the trailing edge 9. The structure of the main wing 4 comprises a front
spar 10 and a rear spar 11 that run in the spanwise direction of the main wing 4. A plurality of
wing ribs 12 are spaced relative to each other. Each wing rib 12 extends substantially
transversely to the spanwise direction and is attached to the front spar 10 and to the rear
spar 11 (the attachment of the wing ribs 12 to the front spar 10 is not shown in figures 2, 4,
5a and 5b). A wing skin 17 surrounds the front spar 10, the rear spar 11 and the wing ribs 12
so as to form the airfoil shape (see figure 3 — the upper wing skin has been omitted from
figures 1, 2, 4, 5a and 5b, so that the inner structural parts of the wing can be shown in these
figures). Thus, a wing box structure is formed. The wing skin 17 may be provided with
longitudinal stiffeners that run substantially in the spanwise direction (not shown).

In this exemplary embodiment, the flap system 5 comprises an inboard flap 14 at a
first spanwise location and an outboard flap 15 at a second spanwise location of the main
wing 4. The main wing 4 comprises an aileron 16 that is located at a third spanwise location
outboard with respect to the outboard flap 15. The flaps 14, 15 and the aileron 16 are
arranged at the trailing edge 9 of the main wing 4. Each flap 14, 15 can be displaced
between a stowed position shown in figures 1, 2, 3 and 5a and a deployed position shown in
figure 5b. In the deployed position, the flap 14, 15 has been displaced to a rearward position
relative to the stowed position, and can be rotated, for example, to a downward position (see
figure 5b), thereby increasing the coefficient of lift.

The configuration and operation of the inboard flap 14 and the outboard flap 15 are
substantially identical, and therefore only a detailed description of the outboard flap 15 is
presented. As shown in figures 2 and 3, the flap 15 is pivotally connected to the rear end of
an elongate flap track member 18 so that it can rotate about a rotation axis 30 that extends
substantially parallel to the trailing edge 9 of the main wing 4. The flap track member 18 has
a front end and a rear end in the flight direction A of the airplane wing 3, and the flap track
member 18 comprises longitudinal grooves 19 on either side. The longitudinal grooves 19
are retained by supporting guide rollers 21 of a guide frame 20 that is arranged to the
structure of the main wing 4. In this exemplary embodiment, the guide frame 20 is connected
and fixed to the rear spar 11. The rear spar 11 comprises a passage opening through which
the flap track member 18 may protrude. The supporting guide rollers 21 are placed within the
longitudinal grooves 19 for retaining the flap track member 18. Thus, the flap track member

18 is connected to the main wing 4 in such a manner that it is guided in a sliding or rolling
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manner relative to the main wing 4. The longitudinal side grooves 19 can be displaced in a
sliding or rolling manner along the supporting guide rollers 21 of the guide frame 20, so that
the flap track member 18 can be moved between a retracted position shown in figures 1, 2, 3
and 5a and an extended position shown in figure 5b.

The flap track member 18 in its retracted position is received inside the wing box
structure of the main wing 4 between the front spar 10, the rear spar 11 and two adjacent
wing ribs 12 so that the flap track member 18 hardly projects, if at all, below the main wing 4.
An auxiliary beam 22 is fixed substantially transversely between the two adjacent ribs 12 so
as to strengthen the structure. The guide frame 20 may also be connected and fixed to the
auxiliary beam 22. In the retracted position, the rear end of the flap track member 18 is
located close to the rear spar 11 and the front end of the flap track member 18 is situated
remote from the rear spar 11. The flap track member 18 may be canned in a fluid-tight
housing (not shown) inside the wing box structure of the main wing 4 so that fuel that may be
stored inside the main wing 4 cannot enter the fluid-tight housing. In the extended position of
the flap track member 18, the rear end of the flap track member 18 protrudes over a distance
beyond the rear spar 11, while the front end of the flap track member 18 is situated close to
the rear spar 11.

As the flap 15 is rotatably connected to the rear end of the flap track member 18, the
flap 15 and the flap track member 18 move in unison with each other when the flap track
member 18 is displaced between its retracted position and its extended position. For the
extension of the flap track member 18 together with the flap 15, the flap system 5 comprises
a first actuator 31. In this exemplary embodiment, the first actuator 31 is an
electromechanical linear spindle actuator that comprises a threaded shaft 32 that runs
through an actuator housing 35 that is fixed to the rear spar 11.

Inside the wing box structure of the main wing 4, the threaded shaft 32 is canned in a
fluid-tight cover 36, so that fuel stored inside the main wing 4 cannot enter the fluid-tight
cover 36. The threaded shaft 32 is engaged by a drive nut member (not shown) that is
housed within the housing 35 (see figure 4). By rotating the drive nut member, the threaded
shaft 32 can be moved along its longitudinal axis relative to the drive nut member and
relative to the housing 35 (since the drive nut member is confined within the housing 35).
Depending on the direction of rotation of the drive nut member, the threaded shaft 32 is
extended or retracted. The drive nut member may be driven conventionally, by way of a drive
shaft running alongside and parallel to the rear spar 11, or may be driven by an electric
motor or a hydraulic motor or in any other way.

The threaded shaft 32 is pivotally connected to the flap 15 about the rotation axis 30,
i.e. the pivotal connection between the threaded shaft 32 and the flap 15 and the pivotal

connection between the flap track member 18 and the flap 15 define a common rotation axis
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30 (see figure 4). By controlling the first actuator 31, it can exert a force onto the flap 15 so
as to move the flap 15 and the flap track member 18 from the retracted position to the
extended position and vice versa. The flap track member 18 may have a slightly downwardly
curved shape, so that the flap moves rearward and downward when extending the flap track
member 18. For that case and for the prevention of bend-loading the first actuator 31, or the
threaded shaft 32, in a vertical plane, the threaded shaft 32 is tiltable suspended in the
housing 35. Thus, the tiltable threaded shaft 32 is pivotally connected to the main wing 4 and
has some freedom to tilt in a vertical plane within the housing 35. The cover 36 has a conical
shape in order to provide space for the tilting movement of the threaded shaft 32 within the
cover 36.

Irrespective of the extension position of the flap track member 18, the flap 15 can be
rotated about the rotation axis 30. The rotation of the flap 15 about the rotation axis 30 is
mechanically independent of the extension of the flap track member 18, i.e. the flap 15 has
two degrees of freedom. For the rotation of the flap 15, the flap system 5 comprises a second
actuator 27 that can be controlled independently from the first actuator 31. In this exemplary
embodiment, the second actuator 27 comprises a double-acting hydraulic actuator 27 that is
carried by the flap track member 18, i.e. the hydraulic actuator moves together with the flap
track member 18 when the flap track member 18 is moved by means of the first actuator 31.
The hydraulic actuator includes a piston rod 28 forming a drive shaft that can be reciprocated
relative to the flap track member 18 along a substantially straight line.

The piston rod 28 is connected to the flap 15 by means of a linkage member 29 so as
to rotate the flap 15 about the rotation axis 30. The linkage member 29 is an intermediate
lever that serves as a connection element and is pivotally connected at one end to the piston
rod about a first linkage member pivot axis 33 that extends substantially parallel to the
rotation axis 30 of the flap 15. At the opposite end, the linkage member 29 is pivotally
connected to the flap 15 about a second linkage member pivot axis 34 that extends at a
distance from and substantially parallel to the rotation axis 30 of the flap 15. As a result, the
flap 15 may be rotated about its rotation axis 30 when the piston rod 28 of the hydraulic
actuator 27 is driven relative to the flap track member 18 along a substantially straight line.

The hydraulic actuator is controlled by means of a hydraulic control device 26. The
control device 26 of the hydraulic actuator is provided with hydraulic connections 25 for
supplying and for discharging hydraulic fluid. Flexible hydraulic lines 37 are connected to the
hydraulic connections 25. The flexible lines 37 are retained in a travelling system. In this
exemplary embodiment, the travelling system comprises flexible caterpillar elements 23 that
are partially received within guide rails 24. The flexible lines 37 and the flexible caterpillar

elements 23 transform when the flap track member 18 is extended or retracted. Using the
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control device 26 for controlling the hydraulic actuator, the flap 15 can be rotated about the
rotation axis 30.

In this exemplary embodiment, the flaps 14, 15 can be controlled to rotate about the
rotation axis 30 either in an upward direction or in a downward direction with respect to the
chord of the main wing 4. Thus, the flaps 14, 15 can be used as aileron, i.e. the flaps 14, 15
each constitute a “ flaperon”. For example, the deployment angle of each flap 14, 15 is at
least 40 degrees downwards and at least 3 degrees upwards. As the rotation of each flap 14,
15 can be controlled by means of the second actuator 27 independently from the extension
of the flap track member 18 together with said flap 14, 15 by means of the first actuator 31,
said flap 14, 15 can also be used as aileron when the flap track member 18 is retracted and
said flap 14, 15 has its stowed position. Thus, in the stowed position, the flaps 14, 15 can
also be used to fine-tune the airplane for minimum drag and/or minimum fuel consumption in
any cruise flight condition.

The invention is not limited to the exemplary embodiment described above. The
skilled person may make various modifications and variations without departing from the
scope of the invention as defined by the claims. For example, the first actuator 31 may be
provided between the front spar 10 and the front end of the flap track member 18 so as to
move the flap track member 18 between its retracted position and its extended position. In
this case, the first actuator 31 exerts an actuation force directly onto the flap track member
18. Furthermore, it should be understood that the first actuator as well as the second
actuator may be actuators of any type, for example hydraulic actuators, electrical actuators
having a spindle or a rack and pinion, or mechanical actuators, for example driven by a drive
shaft.
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CLAIMS

1. An airplane wing, comprising:
- a main wing having a trailing edge,
- a flap system, the flap system comprising:
o aflap at the trailing edge of the main wing,
s supporting bearing elements being fixed to the main wing, and

¢ an elongate flap track member being connected to the main wing in such a
manner that the flap track member is movable substantially in its longitudinal
direction and is guided by the supporting bearing elements relative to the
main wing between a forward retracted position and a rearward extended

position, the flap track member having a front end and a rear end,

the flap being rotatably connected to the rear end of the flap track member in such a
manner that the flap is rotatable about a rotation axis that extends substantially parallel to
the trailing edge of the main wing, so that the flap moves together with the flap track member
when the flap track member is moved and so that the flap is rotatable about the rotation axis

mechanically independently of the movement and position of the flap track member,

wherein the flap system further comprises an actuator system, the actuator system

comprising:

- afirst actuator being connected to the main wing and having an engagement
member that engages the flap or the flap track member, wherein the first actuator is
configured to move the flap together with the flap track member in said longitudinal direction
so that the flap track member is moveable between its retracted position and its extended
position, and

- a second actuator being connected to the flap track member so that the second
actuator moves together with the flap track member when the flap track member is moved in
said longitudinal direction by means of the first actuator, the second actuator having an
engagement member that engages the flap for rotating, and wherein the second actuator is

configured to rotate the flap about the rotation axis,

wherein the first actuator and the second actuator are adapted to be controlled

independently from each other.

2. An airplane wing as claimed in claim 1, wherein the first actuator is a linear actuator.

CA 2889873 2018-10-15
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3. An airplane wing as claimed in claim 2, wherein the flap track member is configured
to follow a curved path when the flap track member is moved relative to the main wing
between its retracted position and its extended position, and wherein the first actuator is
connected to the main wing so that its engagement member is tiltable in a substantially

vertical plane.

4. An airplane wing as claimed in claim 1, wherein the second actuator is a linear
actuator.
5. An airplane wing as claimed in claim 4, wherein the second linear actuator comprises

a hydraulic actuator which comprises hydraulic connections for supplying and discharging
hydraulic fluid, and wherein flexible supply and discharge lines are connected to the
hydraulic connections in such a manner that the flexible supply and discharge lines change
shape when the flap track member is moved.

6. An airplane wing as claimed in claim 4, and wherein the engagement member of the
second linear actuator comprises a drive shaft that is movable along a substantially straight
line relative to the flap track member, and also a linkage member that is pivotally connected
to the drive shaft in such a manner that the linkage member is pivotal about a first linkage
member pivot axis that extends substantially parallel to the rotation axis of the flap, and
wherein the linkage member is pivotally connected to the flap in such a manner that the
linkage member is pivotal about a second linkage member pivot axis that extends at a
distance from and substantially parallel to the first linkage member pivot axis and the rotation
axis of the flap so that the flap rotates about its rotation axis when the drive shaft of the

second linear actuator is moved along a substantially straight line relative to the flap track

member.

7. An airplane wing as claimed in claim 1, wherein the main wing comprises a guide
frame that is provided with the supporting bearing elements, for guiding the elongate flap
track member relative to the main wing between its retracted position and its extended

position.

8. An airplane wing as claimed in claim 1, wherein the flap track member comprises
longitudinal grooves, and wherein the supporting bearing elements are arranged within the

longitudinal grooves for retaining the flap track member.

CA 2889873 2018-10-15
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9. An airplane wing as claimed in claim 1, wherein the supporting bearing elements are

formed by supporting guide rollers that support and guide the elongate flap track member.

10.  An airplane wing as claimed in claim 1, wherein the main wing comprises a front
spar, a rear spar, and a plurality of wing ribs that are fixed between the front spar and the
rear spar, and wherein the flap track member in its retracted position is substantially
received inside the main wing between the front spar, the rear spar and two adjacent wing

ribs.

11.  An airplane wing as claimed in claim 10, wherein the rear spar comprises a passage
opening through which the flap track member travels when the flap track member is moved
between its retracted position and its extended position, and wherein the passage opening in
the rear spar opens into a fluid-tight housing inside the main wing that is configured to
receive the flap track member in its retracted position inside the main wing between the front

spar, the rear spar and two adjacent wing ribs.

12.  Anairplane wing as claimed in claim 1, wherein the main wing has a chord which is
defined by a straight line between the leading edge and the trailing edge of the main wing,
and wherein the second actuator is configured to rotate the flap about the rotation axis in an

upward direction and in a downward direction relative to the chord of the main wing.
13. An airplane comprising an airplane wing as claimed in claim 1.

14.  Aflap system for an airplane wing comprising a main wing, the flap system

comprising:
- a flap being configured to be arranged at a trailing edge of the main wing,
- supporting bearing elements being configured to be fixed to the main wing, and

- an elongate flap track member being configured to be connected to the main wing in
such a manner that it can be moved substantially in its longitudinal direction and is guided by
the supporting bearing elements relative to the main wing between a forward retracted
position and a rearward extended position, the flap track member having a front end and a

rear end,

the flap being rotatably connected to the rear end of the flap track member in such a manner
that the flap is rotatable about a rotation axis that extends substantially parallel to the trailing

edge of the main wing, so that the flap moves together with the flap track member when the

CA 2889873 2018-10-15
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flap track member is moved and so that the flap is rotatable about the rotation axis

mechanically independently of the movement and position of the flap track member,

wherein the flap system further comprises an actuator system, the actuator system

comprising:

- a first actuator being configured to be connected to the main wing and having an
engagement member that engages the flap or the flap track member, wherein the first
actuator is configured to move the flap together with the flap track member in said
longitudinal direction so that the flap track member is moveable between its retracted

position and its extended position, and

- a second actuator being connected to the flap track member so that the second
actuator moves together with the flap track member when the flap track member is moved in
said longitudinal direction by means of the first actuator, the second actuator having an
engagement member that engages the flap, and wherein the second actuator is configured

to rotate the flap about the rotation axis,

wherein the first actuator and the second actuator are adapted to be controlled

independently from each other.

15.  An airplane wing, comprising:
- a main wing having a trailing edge,
- a flap system, the flap system comprising:
¢ aflap at the trailing edge of the main wing,
e supporting bearing elements being fixed to the main wing, and

» an elongate flap track member being connected to the main wing in such a
manner that the flap track member is movable substantially in its longitudinal
direction and is guided by the supporting bearing elements relative to the
main wing between a forward retracted position and a rearward extended

position, the flap track member having a front end and a rear end,

the flap being rotatably connected to the rear end of the flap track member in such a
manner that the flap is rotatable about a rotation axis that extends substantially parallel to
the trailing edge of the main wing, so that the flap moves together with the flap track member
when the flap track member is moved and so that the flap is rotatable about the rotation axis

mechanically independently of the movement and position of the flap track member,

CA 2889873 2018-10-15
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wherein the flap system further comprises an actuator system, the actuator system

comprising:

- a first actuator being connected to the main wing and having an engagement
member that engages the flap or the flap track member, wherein the first actuator is
configured to move the flap together with the flap track member in said longitudinal direction
so that the flap track member is moveable between its retracted position and its extended

position, and

- a second actuator being connected to the flap track member so that the second
actuator moves together with the flap track member when the flap track member is moved in
said longitudinal direction by means of the first actuator, the second actuator having an
engagement member that engages the flap, and wherein the second actuator is configured

to rotate the flap about the rotation axis,

wherein the rear spar comprises a passage opening through which the flap track
member travels when the flap track member is moved between its retracted position and its
extended position, and wherein the passage opening in the rear spar opens into a fluid-tight
housing inside the main wing that is configured to receive the flap track member in its
retracted position inside the main wing between the front spar, the rear spar and two

adjacent wing ribs.

CA 2889873 2018-10-15
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