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(57) ABSTRACT

The present invention relates to the field of aerial refuelling,
usually by transfer of fuel from a tanker aircraft to a receiver
aircraft. In particular the invention relates to a probe and
drogue assembly arrangement in which the drogue assembly
is steerable to facilitate engagement with the probe of the
receiver aircraft. The invention provides a steerable drogue
assembly for towing behind an aircraft, the drogue assembly
comprising a reception coupling for receiving a probe of a
receiver aircraft, one or more aerodynamic control features
and one or more actuators provided in the drogue assembly
and adapted to selectively activate said one or more control
features, so that an activated control feature interacts with
airflow passing the drogue so as to exert a control force on
the drogue.
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1
AIR-TO-AIR REFUELLING DROGUE
ASSEMBLY

RELATED APPLICATIONS

This application claims priority to United Kingdom Pat-
ent Application No. GB 2004598.5, filed on Mar. 30, 2020
and titled, “AIR-TO-AIR REFUELLING DROGUE
ASSEMBLY,” which is hereby incorporated by reference in
its entirety.

BACKGROUND

Technical Field

The present invention relates to the field of aerial refuel-
ling, usually by transfer of fuel from a tanker aircraft to a
receiver aircraft. In particular the invention relates to a probe
and drogue assembly arrangement in which the drogue
assembly is steerable to facilitate engagement with the probe
of the receiver aircraft.

Description of Related Art

There are two forms of aerial refuelling in widespread
use; one method involves the use of a telescoping boom
fixed to the rear underside of a tanker aircraft. The distal end
region of the boom is typically provided with moveable
control surfaces in the form of a pair of ruddervators which
allow a boom operator in the tanker aircraft to fly the boom
end into engagement with a receptor in the receiving aircraft.
The other method of refuelling is the probe and drogue
system in which the tanker aircraft reels out a trailing
flexible fuel hose with a drogue assembly attached to the
end. The receiver aircraft is provided with a rigid fuelling
probe which the pilot of the receiving aircraft directs into
engagement with a reception coupling incorporated in or
attached to the drogue assembly. The drogue assembly
includes a stabilising chute which is a generally cone-shaped
canopy trailed from a rear end of the drogue assembly. The
reception coupling is adapted to receive a free end of the
receiver aircraft’s probe, and to latch therewith. The cou-
pling provides fluid communication between the hose and
the probe. A variant of the flying boom method involves the
use of a hose and drogue adapter, so that a hose and drogue
assembly are trailed from the boom of the tanker aircraft.
The receiver aircraft has a probe for engaging with a
reception coupling included in the drogue assembly. The
present invention is primarily concerned with probe and
drogue type refuelling.

In a refuelling event the tanker aircraft trails the hose and
drogue assembly during flight, whilst the receiver aircraft is
piloted towards the drogue. The receiver aircraft’s pilot
relies purely on skill and experience to control engagement
of the probe into the reception coupling. One problem is that
the freely trailed drogue assembly can be easily buffeted by
the airflow, making the operation difficult and stressful to
complete at a time when fuel reserves may be low.

Various ways of controlling the position of the drogue
assembly have been suggested, such as radial thrusters
provided in an attachment to the drogue, as per U.S. Pat. No.
6,604,711. However, thrusters would be complex and heavy
components. GB-A-2454593 (Flight Refuelling [.td) dis-
closes a steerable drogue assembly for in-flight refuelling
which relies upon actuation of rotatable steering fins in the
drogue chute canopy to move the drogue assembly in a
desired direction. However, as the steering fins form part of
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the canopy they are vulnerable to impact damage from a
wayward probe and buffeting in the airflow.

The present invention seeks to provide a steerable drogue
assembly which is more robust than previous examples and
less prone to damage and should therefore be more reliable.

Some or all of these aims (and others that will be evident
to the skilled person) are met by the present invention in its
various aspects, as will be evident from the following
description.

SUMMARY OF THE INVENTION

According to a general aspect of the invention there is
provided a steerable drogue assembly for towing behind an
aircraft, the drogue assembly comprising a reception cou-
pling for receiving a probe of a receiver aircraft, one or more
aerodynamic control features and one or more actuators
provided in the drogue assembly and adapted to selectively
activate said one or more aerodynamic control features, so
that an activated aerodynamic control feature interacts with
airflow passing the drogue so as to exert a control force on
the drogue.

The aerodynamic control features may include a wing
member arranged to project radially from the drogue into the
airflow passing the drogue.

Each wing member may include a flap member, in which
the flap member is displaceable to vary the aerodynamic
force on the drogue assembly.

Each wing may have a respective actuator for displacing
said flap member.

The flap member may be arranged so that the aerody-
namic force exerted on the drogue assembly is in a direction
perpendicular to a central towing axis of the drogue assem-
bly.

Optionally, the flap member is arranged with a pivot axis
aligned with a radial direction of the drogue passing through
the central towing axis of the drogue assembly so that the
aerodynamic force exerted on the drogue assembly is in a
direction parallel to a tangent of the surface of the drogue
assembly.

The drogue assembly may include receiving basket
formed from a plurality of support arms arranged annularly
around the central towing axis of the drogue assembly,
wherein the aerodynamic control features are moveable
between a stowed position interleaved with the support arms
and a deployed position projecting radially from the drogue
into the airflow passing the drogue.

The aerodynamic control features may be pivotally
mounted to the drogue at a first portion with a second portion
moveable between a first position corresponding to the
stowed position and a second position corresponding to the
deployed position of the aerodynamic control feature.

Optionally, each of the support arms are also pivotable
between a stowed position and a deployed position and
wherein each of the support arms is provided with a free end
wherein the free ends of the support arms and the second
portions of the aerodynamic control features are connected
to each other such that movement of the support arms causes
corresponding movement of the aerodynamic control fea-
tures.

The support arms and aerodynamic control features may
be connected by a deployment cord connected to each of
them.

Alternatively, the aerodynamic control features may each
comprise a generally planar aerodynamic control surface
which is oriented generally tangentially with respect to a
towing axis of the drogue assembly. In this way when an
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activated control feature interacts with airflow passing the
drogue it exerts a control force on the drogue in a generally
radial direction (which is to say generally perpendicular to
the plane of the aerodynamic control surface).

The aerodynamic control surface is preferably configured
and oriented so that the radial direction of the control force
is preferably towards the towing axis (rather than away from
the axis). The drogue assembly typically has a generally
cylindrical form, with a tapered leading end region.

The tangential orientation means that the control surface
occupies a generally tangential plane, which lies generally
parallel with respect to a central (towing) axis of the drogue.
In practice a rear region of the control surface will typically
be flared outwardly away from the central axis.

In one aspect of the invention the aerodynamic control
features each comprise a control flap and an associated
actuator which activates the flap by moving the flap from a
retracted position to a deployed position in which the flap
projects into the airflow over the drogue assembly so as to
produce an aerodynamic force on the drogue assembly
which acts to shift the drogue assembly laterally with respect
to the towing axis. Each actuator is preferably associated
with a counterpart control flap so that each control flap is
selectively actuatable. The flaps when deployed disturb the
laminar airflow over the drogue and generate turbulent drag.
This results in a lateral reaction which acts towards the
centre of the drogue, pushing the drogue laterally to shift the
drogue away from the flap deployment side. The flap typi-
cally deploys in a radial direction.

In a preferred arrangement the actuators are each config-
ured to move the associated control flaps to one or more
intermediate positions between the retracted and fully
deployed positions, whereby each control flap may be par-
tially deployed in said one or more intermediate positions.
This allows fine control of the shifting force.

In a preferred configuration the control flaps each have a
leading end and a trailing end, with deployment of the flap
being associated with movement of the flap trailing end
radially outward with respect to the leading end. The leading
end may be pivotally attached to the drogue. This may be in
the form of a hinge, but could also be achieved by the use
of a flexible resilient web which permits pivoting.

The control flaps may sit flush against an outer surface of
the drogue assembly when in the retracted position. This
reduces the likelihood of the flaps snagging or fouling
external features such as the receiver probe, or the drogue’s
chute. The retracted flaps may be accommodated inset from
the drogue assembly surface profile to further protect them
from snagging.

The drogue assembly is typically provided with a plurality
of control flaps, and the control flaps are arranged so as to
be circumferentially spaced apart from one another around
an outer circumferential surface of the coupling. This may
allow steering of the drogue assembly in a desired direction.
For example if the drogue assembly is provided with four
flaps disposed at 0, 90, 180 and 270 degree positions, then
each of the corresponding lateral directions can be selected
by actuation of the appropriate flap. Combinations of flaps
can provide finer control, for example by actuation of
adjacent pairs of flaps.

In another aspect of the invention each aerodynamic
control surface is provided by a generally planar aerofoil
member. The aerofoil is preferably oriented and configured
to generate lift in a radial direction towards the towing axis
of the drogue. By using an aerofoil member of appropriate
cross section and angle of attack considerable lift (and
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therefore control force) may be generated (as compared to
say a simple flap as hereinbefore described).

In a preferred arrangement the aerofoil member when in
an activated configuration defines an air duct between the
aerofoil member and an outer surface portion of the drogue
body. The air duct typically comprises an inlet at a front
region of the aerofoil member and an outlet at a rear region
of the aerofoil member. The duct helps maintain laminar
flow over the aerofoil lifting surface.

In one structural arrangement each aerofoil member is
adapted to be moveable between a retracted position in
which the aerofoil member is adjacent an outer surface
portion of the drogue body and a deployed activated position
in which the aerofoil member is radially spaced apart from
the outer surface portion with an airflow path thereby
provided between the aerofoil member and the outer surface
portion.

An actuator operative between the aerofoil member and
the drogue body may be used to permit adjustment of an
angle of attack of the aerofoil member, or adjustment of an
elevator included in the aerofoil member.

The actuator (such as a mechanical linkage) may act to
increase the angle of attack as the aerofoil member moves
from retracted to deployed positions.

In a preferred embodiment a linkage operative between
the aerofoil member and the drogue body causes an angle of
attack of the aerofoil member to increase as the aerofoil
member moves from retracted to deployed positions.

An actuator may be associated with the aerofoil member
for moving the aerofoil member from retracted to deployed
positions. This may be an electromechanical linear actuator.

In another preferred structural arrangement an air duct
blocking member may be provided which is moveable
between an open position in which the duct is open for
airflow therethrough and a closed position in which the duct
is closed.

The blocking member may comprise an annular ring
member provided with one or more blocking features which
may be selectively rotated brought into alignment with the
duct so as to block airflow therethrough (in the closed
position) and may be further rotated to permit airflow
through the duct in the open position. The ring member may
be coaxially disposed on or in the drogue body for selective
rotation with respect to the body. The air duct blocking
member may be associated with an actuator which serves to
move the blocking member between said positions. This
actuator may comprise a rotary threaded screw drive which
acts via appropriate gearing to rotate the ring about its axis
s0 as to open and close at least one duct.

In this arrangement each aerofoil member may be fixed
with respect to the drogue body, with a spacing between the
aerofoil member and the outer surface portion of the body
which defines the duct. Although the aerofoil members may
be fixed in position (for the sake of simplicity and robust-
ness), the aerofoil members could be moveable, in whole or
as a portion thereof. This could be done to so as to permit
stowage of the aerofoil members by retraction, or so as to
modify the lift characteristics, such as to provide fine control
of the lift generated. So flaps or wing slots could be
provided, or the entire aerofoil member could be moved to
increase or decrease lift, or maintain laminar flow. This
could be achieved by a rocking mount about which the
aerofoil member pitches, in the manner of aircraft stabila-
tors, or local features such as a trailing edge portion which
pivots in the manner of aircraft elevators or trim tabs.

Each duct is preferably elongate and internal to the drogue
body. There will typically a plurality of aerodynamic sur-
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faces and/or associated ducts, for example four circumfer-
entially spaced ducts at 0, 90, 180 and 270 degree positions
around the drogue body. However other options include two
diametrically opposed aerofoil control surfaces and/or ducts,
or three, six or eight circumferentially spaced aerofoil con-
trol surface and/or ducts may be used.

The actuators useful in the present invention may be
electrical, electromagnetic or pneumatic or use any other
actuation means. The drogue assembly may be provided
with a turbine generator. The turbine generator may be
configured to harvest electrical power for electrical or elec-
tromagnetic actuator(s) from the airflow. The turbine gen-
erator may directly feed the actuators or feed an electrical
storage device which powers the actuators. The electrical
storage device may be a battery, capacitor or cell. Alternative
actuation methods may be used, such as pneumatic or
electromagnetic.

The turbine generator may comprise one or more ram air
turbines (RATs). The RAT may comprise rotating air turbine
blades driven by airflow. The turbine blades may be dis-
posed for co-axial rotation along the drogue’s towing axis.
The turbine blades are preferably disposed in a nose region
of the coupling, ahead (forward) of the aerodynamic control
surfaces, such as the flaps, aerofoils or ducts. In an alterna-
tive arrangement the RAT could be mounted internally in the
drogue assembly, with a ducted air inlet and exhaust. Such
an internal RAT is described in U.S. Pat. No. 5,505,587A
(the contents of which are incorporated herein by reference).
The RAT could alternatively be mounted externally on the
drogue assembly body, or on the drogue chute’s ribs.

Alternatively the drogue assembly may be provided with
no generator and may have batteries, a cell or capacitor
which are stand-alone pre-charged devices. In yet another
alternative, the actuator(s) in the drogue assembly, or the
electrical storage devices, may be powered (or recharged)
remotely via a power cable fed to the coupling along a fuel
hose from the donor/tanker aircraft.

The drogue assembly may be provided with a control
system for controlling the activation of the aerodynamic
control surfaces in response to control signals. The control
signals may be provided remotely, such as from the receiver
aircraft or from the towing aircraft. The control system may
be adapted to receive feedback signals from one or more
position or proximity sensor provided in or on the drogue
assembly. In either case aircrew may instigate or actuate the
control signals so as to manually steer the drogue. Alterna-
tively a drogue guidance system could be utilised automati-
cally to steer the drogue assembly. The drogue assembly’s
lateral motion may be controlled from the receiver aircraft,
or from the donor/tanker aircraft, or may respond to a
self-contained guidance and sensor system provided within
the drogue assembly.

In preferred embodiments the drogue in accordance with
the invention is used for air-to-air refuelling. In this case a
fuel hose fed out (typically spooled) from a tanker aircraft
serves to tow the drogue assembly. The reception coupling
of the drogue assembly is then adapted to engage and latch
with the refuelling probe of the receiver aircraft so as to
permit refuelling via the hose, coupling and probe.

In a further aspect of the invention there is provided an
aerial refuelling tanker aircraft provided with a drogue
assembly as hereinbefore described.

In yet another aspect of the invention there is provided a
hose and drogue refuelling system comprising a fuel hose
and hose deployment mechanism and a drogue assembly as
hereinbefore described, the system being housed in to a pod
to be fitted to an aircraft, especially a tanker aircraft.
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In typical embodiments the drogue assembly will include
a drogue chute attached to a rear region of the drogue body.

The use of a steerable drogue assembly of the present
invention facilitates the engagement between drogue-towing
aircraft and receiver aircraft by use of the steerable drogue
assembly, making the process more efficient. This can be
used to reduce the workload for the pilot of the receiver
aircraft, and to reduce the time spent for each refuelling
event.

BRIEF DESCRIPTION OF THE DRAWINGS

Following is a description by way of example only and
with reference to the accompanying drawings of various
modes for putting the present invention into effect.

In the drawings:

FIG. 1 is a schematic side section view of a drogue
assembly in accordance with one embodiment of the present
invention with retracted control flaps.

FIG. 2 is a schematic side section view of a drogue
assembly in accordance with a second embodiment of the
invention, with one deployed control flap and one retracted.

FIG. 3 is a schematic side section view of a drogue
assembly in accordance with a third embodiment of the
present invention.

FIG. 4 is a schematic side view of a drogue assembly in
accordance with a fourth embodiment of the invention.

FIG. 5 is a schematic front view of the drogue assembly
in accordance with the fourth embodiment of the present
invention.

FIG. 6 is a further schematic front view of the drogue
assembly in accordance with the fourth embodiment of the
present invention.

FIG. 7 is a schematic side view, partially in section of a
drogue assembly in accordance with a fifth embodiment of
the invention.

FIG. 8 is a schematic side view, partially in section of a
drogue assembly in accordance with a sixth embodiment of
the invention.

FIG. 9 is a partial view of an undeployed drogue assembly
in accordance with a seventh embodiment of the invention.

FIG. 10 is a partial view of a partially deployed drogue
assembly.

FIG. 11 is a partial view of a deployed drogue assembly.

FIG. 12 is a partial view of a deployed drogue assembly
showing the canopy.

FIG. 13 is a partial view of a deployed drogue assembly
with the canopy showing from a different direction to FIG.
12.

FIGS. 14A-14C show a wing in accordance with the
seventh embodiment.

FIGS. 15A and 15B show a cross-section through a wing
in different configurations.

DETAILED DESCRIPTION OF EMBODIMENTS
First Embodiment

In FIG. 1, a drogue assembly in accordance with the
invention is shown generally as 4. The drogue assembly
comprises a reception coupling body 5, control flaps 6 and
7, a ducted ram air turbine (RAT) 8, a canopy (not shown,
but see for example item 23 in FIG. 4) and a distal end 9 of
a refuelling hose fed out from a tanker aircraft (not shown).
The reception coupling body 5 is generally bullet shaped
with a central longitudinal axis. A convex tapered leading
end region 10 of the coupling body is connected to the end
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region of the refuelling hose 9. A rear portion of the coupling
body has a central axial bore 3 which defines a central
coupling chamber 11 with a flared frusto-conical end region
12 for receiving a refuelling probe (not shown). The recep-
tion coupling mechanism resides in the bore but is not shown
in detail herein, but is of conventional configuration. A
preferred arrangement is shown in U.S. Pat. No. 9,950,804
B2 (the contents of which are incorporated herein by refer-
ence). Once the drogue assembly 4 is coupled and latched to
a refuelling probe of a receiver aircraft (not shown), fuel
may flow from a tanker aircraft, through the refuelling hose
9 through the chamber defined by the bore 3 through the
reception coupling body 5 and into the receiving aircraft via
the probe engaged with the coupling. More detail of a
suitable coupling and latching arrangement is given in
EP-A-2986508 (Flight Refuelling [td., the contents of
which are incorporated herein by reference).

A ram air turbine inlet duct 30 is a channel which feeds
in an axial direction from the leading end region 10 to an
internal ram air turbine unit 8 which includes a fan and rotor
which drives an electrical generator (not shown). An exhaust
duct 31 leads rearwardly from the turbine unit and vents out
at the rear of the coupling body. Such ducted RATs are
known in the art, so are not described in detail herein.

A generally frusto-conical drogue chute would usually be
attached to the rear end of the reception body 5 and is not
shown for the sake of simplicity in FIGS. 1 to 3 but can be
seen in FIGS. 4 and 5 as item 23.

As shown in FIG. 1, the control flaps 6 and 7 are disposed
in a diametrically opposed relationship. Each flap is wedge-
shaped in profile with a slightly concave upper surface. Each
wedge comprises a leading end 22 which is attached to an
outer circumferential surface region of the coupling body 5
via a hinged joint (not shown). A trailing end 13 of the
wedge flares outwards.

A pair of linear actuators 14 and 15 are inset into the
coupling body 5 along inclined diametrically opposed radii.
The actuators 14 and 15 may each be push rod solenoid
actuators, wherein actuation is provided by extension of a
rod 16 from a body portion 17. A distal end of each actuator
rod 16 is attached to the trailing end 13 of each flap. As
shown in FIG. 2, actuation of the rod 16 causes the flap 7 to
deploy by pivoting radially outwards about its hinged lead-
ing edge 22, whereas the flap 6 remains retracted. For the
towed drogue, actuation of a control flap locally increases
the aerodynamic drag caused by the flap. This causes the
drogue assembly to shift in the opposite radial direction,
creating a steering effect. Where flaps are provided in
diametrically opposed locations on the coupling body, the
drogue assembly can be steered in either direction of the
opposed directions. Similarly, if there are four circumferen-
tially spaced flaps at say 0, 90, 180 and 270 degree locations
the drogue assembly can be steered left and right or up and
down. Combinations of flap deployment can be used to
obtain diagonal movement. Alternative flap numbers and
dispositions may be provided. For example in other embodi-
ments there may be 6 or 8 flaps.

The flap actuation may be “digital’ in the sense that each
actuator is either on (control signal=1) or off (control
signal=0), so that the flap is either fully deployed or fully
retracted. Alternatively the actuator may be moveable to one
or more intermediate positions corresponding to positions in
which the flaps are partially deployed. This has the advan-
tage of permitting finer control of the control force and
therefore drogue movement.

Having multiple individually deployable control flaps
provides a range of control forces and directions by which
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to steer the drogue assembly 4 in a required direction. Any
number and combination of deployed flaps may be used to
steer the drogue assembly 4; more control flaps providing
potentially greater steering accuracy. Each control flap is
linked to a separate actuator to control deployment. As
mentioned above, the control force may be varied by lim-
iting the extent of deployment, with shallower deployment
provided a reduced shifting force. Hence the actuators may
provide for incremental deployment to a range of pivoted
positions.

A remote-control system may be provided which com-
municates between controls provided in the tanker aircraft
(or the receiver aircraft) and a microprocessor assembly (not
shown) in the drogue assembly—typically in the coupling
body. The microprocessor processes incoming control sig-
nals to actuate the desired flap or flaps, and by the required
amount of deployment, to produce the intended drogue
assembly lateral (X-Y) motion. Movement in the axial
towing direction Z may be achieved by unspooling or
retracting the hose, but this not usually adjusted during the
docking and refuelling process. The drogue assembly may
be manually steerable in X and Y directions. For example a
joystick controller may be provided for providing control
signals which move the drogue assembly in X-Y axes.
Feedback may be provided to the control system by sensors
(not shown) located within the drogue assembly 4. The
sensors, such as accelerometers, may gather positional and
orientational data which can be used to determine whether
the desired movements have been made, and to correct the
movement if necessary.

In order to provide power for the flap actuators (and any
associated control circuitry), there may be provided a
capacitor or cell or battery (not shown) in the coupling body.
As shown in FIG. 1 the drogue is provided with a turbine
generator, and in particular the ducted ram air turbine (RAT)
8 described above.

Rotation of the turbine blades fan by the ducted airflow
causes an internal rotor to drive an electrical generator (not
visible) which can be used to provide direct power to the
actuators 14, 15 (and any control circuitry). Alternatively,
the generator may be used to charge the electrical storage
device such as the battery, cell or capacitor referred to above.
This configuration eliminates the need for a separate power
source and generates power by harvesting the airflow gen-
erated by trailing of the drogue.

Second Embodiment

This embodiment, shown in FIG. 2, corresponds generally
with that of FIG. 1, but with an alternative ram air turbine
arrangement. There is a twin-bladed diametrically opposed
turbine 19 with a central axial generally annular mounting
boss 20. A central bore (not shown) in the boss surrounds a
fuel channel (not shown) fed by the hose 9. The boss drives
an electrical generator, via appropriate gearing (not shown).
The turbine 19 is located just aft of the leading end of the
coupling body 5 where turbulent flow is best avoided and is
driven by the high velocity airflow as the drogue assembly
4 is trailed behind the tanker aircraft (not shown).

As mentioned above, in FIG. 2 the flap 7 is shown in a
deployed position, with the trailing edge pivoted out from
the surface of the body about its leading edge hinge 22.

Third Embodiment

FIG. 3 shows an alternative embodiment in which the
actuators and associated control circuitry are powered by a
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power cable 29 which is connected to the tanker aircraft
within (or attached to) the fuel hose 9. The power cable may
be connected to a battery in the tanker aircraft, or the tankers
internal power supply system, or a generator (such as a RAT)
provided in the aircraft, or in a refuelling pod attached
thereto. The power cable 29 obviates the need for a generator
on board the drogue assembly. An electrical storage device
may still be present onboard the drogue assembly 4 which
can be charged by the power cable, or may be omitted with
power for the actuators coming directly via the cable 29. The
power cable 29 enters the coupling body 5 through the
proximal end 10 and feeds into the interior of the body so
that it may be linked to the actuators (or to any battery or
other storage device). In FIG. 3, one control flap 6 is shown
in a retracted position and the second control flap 7 is shown
in a deployed position.

Fourth Embodiment

A fourth embodiment of the invention is shown in FIGS.
4 to 6. This embodiment corresponds substantially to the
first embodiment, with like features being given like num-
bering. In this embodiment the RAT comprises a double
bladed turbine (not shown, but as configured in embodiment
of FIG. 2) carried by an annular boss 20. In this embodiment
the chute canopy 23 (that would also be present in the other
embodiments) is now shown. The canopy has a generally
frusto-conical form, with a leading end 24 attached to the
circumferential edge of the drogue assembly rear end. A
trailing end 25 of the canopy is generally annular in form,
and is connected to the leading end by a plurality of support
arms 26. The canopy is of conventional design and formed
from web material which ‘inflates’ in the airflow to adopt a
relatively rigid canopy shape.

This embodiment includes four control flaps 6, 7, 27 (and
one hidden). FIG. 5 shows one flap 27 deployed and as is
evident increases the cross-sectional area presented to the
airflow in the region of the flap. FIG. 6 shows a front view
of the drogue assembly in which the control flaps 6, 7, 27
and 28 are shown deployed and spaced around the surface of
the drogue assembly body surface at 90 degrees separations.

Fifth Embodiment

The fifth embodiment is shown in FIG. 7. The coupling
body 5 has a waisted configuration in which the generally
cylindrical shape is provided with concavely scooped outer
surface profiles 40, 41. Two generally planar aerofoils 42,43
are accommodated in the respective outer surface scoops
40,41. Each aerofoil is attached to the coupling body by two
generally parallel linkages 44, 45. Proximal end regions of
these linkages are accommodated in axial slots (not shown)
in the coupling body, with the respective pivots being axially
spaced apart. Distal ends of the linkages are pivotally
attached to each aerofoil. The distal pivots are disposed in a
leading region 20) of each aerofoil and are longitudinally
spaced apart from one another along the aerofoil. Thus each
aerofoil can be moved (by linear actuators 48.49) on the
linkages from the retracted position shown for the upper
aerofoil 42 (in which the aerofoil is nested in the corre-
sponding scoop 40) to a deployed position shown for the
lower aerofoil 43 in which the aerofoil is displaced out-
wardly and rearwardly from the scoop 41. Under the con-
straint provided by the linkages the aerofoil rotates some-
what so that the trailing end of the aerofoil extends
outwardly.
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This displacement opens a slot 48 between the aerofoil 43
and the scoop 41, which provides a channel for laminar
airflow (arrow A) over the scoop-facing side of the aerofoil.
Concurrently the aerofoil’s angle of attack increases so as to
increase the lift provided by the aerofoil in the radial
direction towards the coupling body. Thus a deployed aero-
foil acts to shift the drogue assembly in a radial direction
opposite to the deployment direction. In the figure the
drogue would be shifted upwards in a Y direction. When the
upper aerofoil is deployed and the lower one is retracted the
lift generated by the upper aerofoil acts to shift the drogue
downwards in negative Y direction.

The actuators can be shifted to partially deployed inter-
mediate positions. For example, one aerofoil may be par-
tially deployed, and the may be other fully deployed. The net
reaction will be in the direction dictated by the fully
deployed aerofoil. Deployment of both aerofoils may be
desired to stabilise the drogue movement and/or to provide
fine control of the net aerodynamic force generated and
therefore fine control of shifting of the drogue. Although not
visible in the figure, this embodiment would have two
further diametrically opposed scoops and associated aero-
foils so as to provide for control movements in the perpen-
dicular X axis (out of the paper). Other configurations and
multiples of aerofoils are of course possible.

Sixth Embodiment

In a sixth embodiment of the invention shown in FIG. 8
the coupling body 5 has a similar waisted configuration to
that of the fifth embodiment shown in FIG. 7. There are two
generally planar aerofoils 42 and 43. Unlike the fifth
embodiment, these aerofoils are fixed in position, with a
duct space between the aerofoils’ (42,43) respective inner
surfaces and the facing scoops 40,41. An annular activation
ring 50 is disposed forward of the aerofoils, in the nose
region of the coupling body. The ring is adapted to rotate
about the central axis B-B' of the drogue. An underside of
the ring 50 is provided with a toothed surface ring feature 51.
The toothed ring feature 51 is engaged by a toothed drive
wheel 52 which rotates about axis R-R'. The drive wheel is
engaged with a worm gear 53 of a rotating actuator 54. An
outer edge region of the activation ring 50 is formed with a
rearwardly curved lip 58 shown in FIG. 8. A diametrically
opposite side of the ring is provided with a locally cut away
region 56 (indicated by dashed lines). The cutaway region
permits airflow (arrow A) to be ducted into the slot 48
between the aerofoil 43 and the waisted surface 41. This
allows the aerofoil to generate lift in a radial (upwards in the
figure) direction. The duct may be closed by activation of the
actuator 54, which rotates the activation ring 50 until the
locally cutaway region is rotated away from the aerofoil
leading edge. The upper aerofoil has a duct 49 which is
blocked by the lip 58. Thus airflow bypasses the duct 30) and
flows over the outside of the aerofoil as indicated by the
arrow B. As indicted by the eddies 57 in FIG. 8, the airflow
in the duct is turbulent and no significant lift is generated by
aerofoil 42 in the radial direction towards the central axis of
the drogue.

To activate or invoke the upper duct 49 the actuator 54 is
sent a control signal to activate and the drive wheel is turned
so as to rotate the activation ring 50. The cutaway region
simultaneously rotates away from the duct. The ring has
several cutaway regions (not shown). Once of these cutaway
regions moves to the front region of the aerofoil 42 so as to
open the duct 49. Meanwhile the front region of the lower
duct 48 becomes shrouded by the lip at the edge region
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thereof (in the position indicated by the dashed lines). The
ring motion then stops and the duct 49 becomes operational,
causing lift to be induced by the aerofoil in a radial direction
(towards the central radial axis).

Although the aerofoils in this embodiment may be fixed
in position (for the sake of simplicity and robustness), the
aerofoils could be moveable, in whole or as a portion
thereof, so as to permit stowage of the aerofoil by retraction,
or so as to modify the lift characteristics, such as to provide
fine control of the lift generated. So flaps or wing slots could
be provided, or the entire aerofoil could be moved to
increase or decrease lift, or maintain laminar flow.

Seventh Embodiment

A seventh embodiment of the invention is shown in FIG.
9. FIG. 9 shows a partial view of the prior to deployment and
with the canopy not shown. FIG. 12 shows a coupling body
5 but also shows the canopy arrangement 120. The canopy
itself is not shown in FIG. 9 but is provided at the ends of
the series of strut like support arms 96. FIG. 9 shows the
arrangement is its folded configuration as it would be when
stowed prior to deployment and after it has been deployed
and then retracted, i.e. when not deployed. The support arms
96 are attached to the canopy (not shown) to support the load
generated by the canopy and transfer it to the reception
coupling 5 and the rest of the drogue and hose assembly. The
support arms may also provide a guide to aid directing the
fuelling probe into the reception coupling. In use, the
support arms tend to from a frusto-conical conical shape
with the canopy at the base, forming a receiving “basket”
into which the fuelling probe can be inserted to direct it into
the reception coupling.

Arranged between some of the support arms are a number
of wings 90 which are folded in and interleaved between the
support arms so that they can be contained within a defined
space for stowing when the drogue is not deployed. In the
example shown in FIG. 9, four wings 90 are provided
arranged around the central axis of the drogue.

Once the drogue is deployed, in use, the airflow engages
the canopy which is attached to the support arms 96 at the
ends where a through hole is shown. The airflow applies a
force to the canopy which is resisted by the support arms.
The support arms 96 are mounted to the coupling body 5 at
pivot points 97 on a support ring 98. The load applied by the
canopy acts on the ends of the support arms so that they
pivot about the pivot points 97 causing them to fan out in a
flower like manner. FIG. 10 shows the support ribs in their
partially deployed state as they fan out. As the support arms
continue to rotate, they eventually reach their fully deployed
state, as shown in FIG. 11, showing the basket like structure
mentioned above.

The support ribs have a through hole 100 arranged at an
end away from the pivot point 97. A deployment cord 94
passes through each of them to form a continuous loop.

In the stowed position, as shown in FIG. 9, the wings 90
are generally interleaved between pairs of support arms. The
wings 90 are also pivotably mounted on the support ring 98
so that they can be rotated so that they are inserted into the
airflow around the drogue. The wings include a deployment
arm 93 which is pivotably attached to the radially inner part
of the base 110 of the wing. The other end of each deploy-
ment arm is provided with a through hole 99. The deploy-
ment cord 94 is passed through each of the holes 99. As
shown in FIGS. 9 to 11, the cord 94 passes through the holes
100 and a series of adjacent support arms 96, then passes
through the hole 20) 99 in the deployment arm 93 of one of
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the wings. Whilst the holes 100 lie in a generally circular
path, as shown in FIG. 9, the holes 99 are generally axially
offset, so that the cord extends generally axially from one
hole 100 to go through the hole 99 before extending axially
back in the opposite direction to pass through the next hole
100 generally on the circular path. With this arrangement, as
the support arms start to deploy from the arrangement shown
in FIG. 9, the holes 100 tend to move radially outward
extending the diameter of the circular path along which the
cord lies. The increasing diameter applies tension to the cord
which applies a force to each of the deployment arms 93
generally axially compared to the drogue. This causes the
deployment arms 93 to be pulled in an axial direction which
in turn pulls on the radially inner part of the base 110 of the
wing. This causes the base of the wing and hence the entire
wing to rotate about the pivot and into the airflow.

As the support arms continue to move into their fully
deployed state, the wings are moved into a corresponding
deployed position as shown in FIG. 11. In this position, the
holes 99 tend to be aligned with the generally circular path
followed by the cord through the holes 100. The tension in
the cord will tend to act to maintain the holes 99 aligned with
holes 100 on the circular path and hold the wings in the
deployed position. In the deployed position, the wings are
preferably arranged so that their axes are generally perpen-
dicular to the central axis of the drogue and coupling.

FIGS. 12 and 13 show views of the drogue in the fully
deployed position with the canopy 120 showing. In this
arrangement, the canopy is divided into four separate por-
tions, as shown, to provide a space between the each of them
to provide a clear path for airflow around each wing and
between the canopies. This can also provide additional space
for the wing to be deployed. However, the canopy may be
formed in a complete circle, where this is more convenient.

FIG. 14A shows the structure of one of the wings 90. As
noted previously, the wing 90 is attached to a base portion
110 which is used to manipulate the wing into position. Built
into the wing 90 is a flap 91 which is pivotable relative to the
body of the wing as described below. The flap has a
generally similar aerofoil shaped profile as the rest of the
wing 90. As shown in FIGS. 14A and 14C, the wing and flap
have a matching symmetrical aerofoil shape. However, they
may alternatively be asymmetrical or provided with a degree
of camber.

A fixed rib element 140 is attached to the base 110 which
is positioned in the space between the neighbouring support
arms 96, as shown in FIGS. 9 to 13. These occupy the space
where the support arms would have been if the wing was not
used. These rib elements 140 travel with the wing and act in
tandem with the support arms to define the basket shape to
guide the probe as it is received into the drogue.

FIG. 14B shows a cut away view of the wing 90. The flap
is generally pivotally mounted in a position towards the
leading edge, on upper 143 and lower 144 spindles. This
allows the flap to be pivoted so that the trailing edge can
project into the airflow on one or other side of the wing, as
shown in FIG. 14C. An actuator 141 is provided within the
body of the flap to provide a torque to deflect the flap one
way or the other. The actuator is electrically operated by a
cable (not shown) connected to a controller in the drogue
body, drogue housing or on the aircraft. The actuator may
alternatively be actuated hydraulically or pneumatically. The
actuator may be position in the wing rather than the flap
itself or even in the drogue body.

FIG. 15A shows a cross section through a wing 90
showing the upper spindle 143. A channel 145 is also shown
which allows for connection to the actuator 141 via a cable
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(not shown) to provide the electrical connection (or other
e.g. hydraulic or pneumatic, services as appropriate).

FIG. 15B shows the flap 91 in its displaced position. As
shown, the flap may be hollow, for example to minimise
weight but may be used to contain electronic controls and
sensing circuitry. The cross section does not show it but the
ends of the flap are preferably closed off. The trailing edge
148 of the flap is strengthened to resist the hostile environ-
ment it is placed in. The flap includes a stepped portion 147
which engages a corresponding stop 146 on the body of the
wing to limit the travel of the flap relative to the wing within
a defined range of angles (e.g. +/-20°).

In this embodiment, the canopy 120 is provided towards
the trailing edge of the drogue. Once deployed the support
arms form the generally frusto-conical shape of the basket.
Web material may be provided between the support arms but
not between the support arms either side of the wings and the
wings, to allow the free movement of the wings into the
deployed position.

In use, as the drogue is deployed from the carrier aircraft,
e.g. a tanker aircraft, the drogue basket begins to “inflate” or
open up from the arrangement shown in FIG. 9 to the
arrangement shown in FIG. 11. As the drogue inflates, the
wings are pivoted into place. As the wings rotate into
position, they enter the airflow passing around the drogue.
With wings having a symmetrical shape, like those shown in
the figures and with the flaps in the neutral position as shown
in FIG. 15 A, the airflow passes around them without impart-
ing any net force to the wing in a circumferential direction
(although there will be a drag force in an axial direction).
The wings therefore have a neutral effect on the drogue’s
position.

However, when the actuator 141 in one of the wings is
operated to displace the flap 91, the flap enters into the
airflow around the wing and generates a lift force on the
wing in one direction. This force acts to produce a circum-
ferential force on the drogue. By actuating the flaps on the
wings on the top and bottom in the same direction, the net
force causes the drogue to be displaced in one direction.
Alternatively, by actuating the flaps on both the wings on the
top and bottom in the opposite direction, then the drogue is
displaced in the opposite direction. A similar effect can be
used by manipulating the wings on the sides of the drogue
to induce an upward or downward force.

Of course, combinations of forces can be used to displace
the drogue left/right and up/down. By displacing flaps in
opposite directions on opposite wings, a rotational force can
be produced on the drogue. By arranging pairs of wings to
generate such a torque in opposite directions, the net force
and torque can cancel providing a drag force to move the
drogue in a Z direction (as identified in FIG. 7).

The flap actuation may be done with a simple control so
that the flap is either in its central neutral position, fully
deployed in one direction or fully deployed in the other
direction. The stepped portion 147 and stop 146 can assist
with this. However, the actuator may be moveable to one or
more intermediate positions corresponding to positions in
which the flap is partially deployed. For example, the
actuator may include a motor and gear box to allow fine
adjustment of the position of the flaps. This has the advan-
tage of permitting more accurate control of the control force
and therefore drogue movement.

In the embodiment above, the drogue is provided with
four wings angularly spaced around the periphery of the
drogue but in other embodiments, other numbers can be
used. For example, three angularly spaced wings can be used
to generate movement up and down and left right. Similarly
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greater number of wings can be used to provide greater
control over the drogue in three dimensions.

In the above embodiment, the flaps and wings are
arranged so that they pivot about a radially extending axis
perpendicular to the towing axis of the drogue assembly, i.e.
in a direction parallel to a line extending radially from the
axis of the drogue. However, the wings may be arranged in
other orientations. For example, the wings may be arranged
so that they are oriented parallel to a tangent of the drogue
so that the flaps are pivoted along an axis parallel to a
tangent of the drogue and perpendicular to the radial direc-
tion. In this way, the flaps move towards and away from the
outer circumferential surface of the drogue to generate a
force acting radially on the drogue.

In summary, the present invention relates to the field of
aerial refuelling, usually by transfer of fuel from a tanker
aircraft to a receiver aircraft. In particular the invention
relates to a probe and drogue assembly arrangement in
which the drogue assembly is steerable to facilitate engage-
ment with the probe of the receiver aircraft. The invention
provides a steerable drogue assembly for towing behind an
aircraft, the drogue assembly comprising a reception cou-
pling for receiving a probe of a receiver aircraft, one or more
aerodynamic control features and one or more actuators
provided in the drogue assembly and adapted to selectively
activate said one or more control features, wherein the
aerodynamic control features each have a generally planar
aerodynamic control surface which is oriented either gen-
erally tangentially with respect to a towing axis of the
drogue assembly or perpendicular to it, so that an activated
control feature interacts with airflow passing the drogue so
as to exert a control force on the drogue to control movement
in a generally radial direction. The radial direction of the
control force is generally towards the towing axis.

The invention claimed is:

1. A steerable drogue assembly for towing behind an
aircraft, the steerable drogue assembly comprising:

a reception coupling for receiving a probe of a receiver

aircraft; and

one or more aerodynamic control features and one or

more actuators provided in the steerable drogue assem-
bly and adapted to selectively activate said one or more
aerodynamic control features, so that an activated aero-
dynamic control feature interacts with airflow passing
the steerable drogue assembly so as to exert a control
force on the steerable drogue assembly,

wherein the aerodynamic control features include a wing

member arranged to project radially from the steerable
drogue assembly into the airflow passing the steerable
drogue assembly, and

wherein the steerable drogue assembly further comprises

a receiving basket formed from a plurality of support
arms arranged annularly around the central towing axis
of the steerable drogue assembly, wherein the aerody-
namic control features are moveable between a stowed
position interleaved with the support arms and a
deployed position projecting radially from the drogue
into the airflow passing the steerable drogue assembly.

2. The steerable drogue assembly as claimed in claim 1
wherein each wing member includes a flap member, wherein
the flap member is displaceable to vary an aerodynamic
force on the steerable drogue assembly.

3. The steerable drogue assembly as claimed in claim 2
wherein each wing has a respective actuator for displacing
said flap member.

4. The steerable drogue assembly as claimed in claim 2
wherein the flap member is arranged so that the aerodynamic
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force exerted on the steerable drogue assembly is in a
direction perpendicular to a central towing axis of the
steerable drogue assembly.

5. The steerable drogue assembly as claimed in claim 4
wherein the flap member is arranged with a pivot axis
aligned with a radial direction of the steerable drogue
assembly passing through the central towing axis of the
steerable drogue assembly so that the aerodynamic force
exerted on the steerable drogue assembly is in a direction
parallel to a tangent of the surface of the steerable drogue
assembly.

6. The steerable drogue assembly as claimed in claim 1
wherein the aerodynamic control features are pivotally
mounted to the steerable drogue assembly at a first portion
and have a second portion moveable between a first position
corresponding to the stowed position and a second position
corresponding to the deployed position of the aerodynamic
control feature.

7. The steerable drogue assembly as claimed in claim 6
wherein each of the support arms have a pivot end such that
the support arms are pivotable between a stowed position
and a deployed position and wherein each of the support
arms is provided with a free end separated from the pivot
end wherein the free ends of the support arms and the second
portions of the aerodynamic control features are connected
to each other such that movement of the support arms causes
corresponding movement of the aerodynamic control fea-
tures.

8. The steerable drogue assembly as claimed in claim 7
wherein the support arms and aerodynamic control features
are connected by a deployment cord connected to each of
them.

9. The steerable drogue assembly as claimed in claim 1
wherein the aerodynamic control features each have a gen-
erally planar aerodynamic control surface which is oriented
generally tangentially with respect to a central towing axis
of the steerable drogue assembly, so that the control force
exerted on the steerable drogue assembly is in a generally
radial direction towards the central towing axis.

10. The steerable drogue assembly as claimed in claim 9
wherein the aerodynamic control features each comprise a
control flap and an associated actuator which activates the
control flap by moving the control flap from a retracted
position to a deployed position in which the control flap
projects into the airflow over the steerable drogue assembly
so as to produce an aerodynamic force on the steerable
drogue assembly which acts to shift the steerable drogue
assembly laterally with respect to the central towing axis.

11. The steerable drogue assembly as claimed in claim 9
wherein the actuators are configured to move the control
flaps to one or more intermediate positions between the
retracted and fully deployed positions, whereby each control
flap may be partially deployed in said one or more interme-
diate positions.

12. The steerable drogue assembly as claimed in claim 9
wherein each aerodynamic control surface is provided by a
generally planar aerofoil member.

13. The steerable drogue assembly as claimed in claim 12
wherein the generally planar aerofoil member is oriented
and configured to generate lift in a radial direction towards
the central towing axis of the steerable drogue assembly.

14. The steerable drogue assembly as claimed in claim 12
wherein the generally planar aerofoil member when in an
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activated configuration defines an air duct between the
generally planar aerofoil member and an outer surface
portion of a drogue body of the steerable drogue assembly.

15. The steerable drogue assembly as claimed in claim 14
wherein the air duct comprises an inlet at a front region of
the generally planar aerofoil member and an outlet at a rear
region of the generally planar aerofoil member.

16. The steerable drogue assembly as claimed in claim 14
wherein an air duct blocking member is provided which is
moveable between an open position in which the air duct is
open for airflow therethrough and a closed position in which
the air duct is closed.

17. The steerable drogue assembly as claimed in claim 16
wherein the air duct blocking member comprises an annular
ring member provided with one or more blocking features
which may be selectively rotated brought into alignment
with the air duct so as to block airflow therethrough in the
closed position and may be further rotated to permit airflow
through the air duct in the open position.

18. The steerable drogue assembly as claimed in claim 17
wherein the ring member is coaxially disposed on or in the
drogue body for selective rotation with respect to the drogue
body.

19. The steerable drogue assembly as claimed in claim 16
wherein the air duct blocking member is associated with an
actuator which serves to move the air duct blocking member
between said positions.

20. The steerable drogue assembly as claimed in claim 16
wherein each generally planar aerofoil member is fixed with
respect to the drogue body, with a spacing between the
generally planar aerofoil member and the outer surface
portion of the drogue body which defines the air duct.

21. The steerable drogue assembly as claimed in claim 12
wherein each generally planar aerofoil member is adapted to
be moveable between a retracted position in which the
generally planar aerofoil member is adjacent an outer sur-
face portion of a drogue body of the steerable drogue
assembly and a deployed activated position in which the
generally planar aerofoil member is radially spaced apart
from the outer surface portion with an airflow path thereby
provided between the generally planar aerofoil member and
the outer surface portion.

22. The steerable drogue assembly as claimed in claim 12
wherein an actuator operative between the generally planar
aerofoil member and a drogue body of the steerable drogue
assembly permits adjustment of an angle of attack of the
generally planar aerofoil member, or adjustment of an
elevator included in the generally planar aerofoil member.

23. The steerable drogue assembly as claimed in claim 22
wherein the actuator comprises a linkage which acts to
increase the angle of attack as the generally planar aerofoil
member moves from retracted to deployed positions.

24. The steerable drogue assembly as claimed in claim 12
wherein an actuator is associated with the generally planar
aerofoil member for moving the generally planar aerofoil
member from retracted to deployed positions.

25. An aerial refuelling tanker aircraft provided with a
steerable drogue assembly in accordance with claim 1.

26. A hose and drogue refuelling system comprising a fuel
hose and hose deployment mechanism and a steerable
drogue assembly in accordance with claim 1, the system
being housed in a pod to be fitted or retrofitted to an aircraft.
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