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57 ABSTRACT

An unmanned aerial vehicle (UAV) capable of vertical and
horizontal flight modes, a method of assembling a UAV, and
a kit of parts for assembling a UAV. The UAV comprises an
elongated wing structure having an elongated axis along the
longest dimension of the elongated wing structure, the
elongated wing structure having a middle location at a
substantially halfway point; a connecting structure extend-
ing substantially perpendicularly from the elongated wing
structure, the connecting structure being offset from the
middle location of the elongated wing structure at a first
position along the elongated axis; and at least three sets of
propellers, wherein at least two sets of propellers are
mounted on the connecting structure, and wherein at least
one set of propellers is mounted at a second position offset
from the middle location in an opposite direction away from
the connecting structure.

17 Claims, 7 Drawing Sheets
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1
UNMANNED AERIAL VEHICLE

FIELD OF INVENTION

The present invention relates broadly to an unmanned
aerial vehicle (UAV) capable of vertical and horizontal flight
modes, a method of assembling a UAV, and a kit of parts for
assembling a UAV.

BACKGROUND

An important capability enhancement of Vertical Take-
Off and Landing (VTOL) aircraft is the ability to transition
from vertical flight to horizontal flight during take-off, and
vice versa during landing. There have been many designs
that attempt to achieve such capability. For example, the
tail-sitter design, such as model no. XFV-1 of the 1950s,
using the same set of flight controls for both vertical and
horizontal flight, represents one of the most direct ways of
achieving transition flight. However, with the pilot facing
upwards during vertical flight, making visual assessments,
e.g. during landing, can be difficult.

Also, tail-sitter aircraft have other technical issues. For
example, they tend to be susceptible to toppling, e.g. when
landing under windy conditions. This is due to a high centre
of gravity, relative to the size of the tail base. Addressing this
issue may involve installing landing gears of a wide span or
enlarging the span of the tail base to cover a wider area on
the ground. However, these measures usually add weight
and aerodynamic drag, which in turn may compromise the
performance (e.g. cruise endurance) of the aircraft.

One existing solution to the above problems comprises
using configurations that remain horizontal during transi-
tion, e.g. tilt-wings and/or tilt-rotors. This may also render
the aircraft suitable for carrying passengers. However, tilt-
wings and tilt-rotors need separate sets of flight controls for
helicopter-mode and airplane-mode flight, resulting in high
complexity in their development and implementation.

Unmanned aircraft, also known as unmanned aerial
vehicles (UAVs), on the other hand, do not carry passengers
or pilots. Hence, passenger- and pilot-related limitations of
tail-sitters are not applicable to the design of transition-
capable VTOL UAVs.

However, there are other issues which may arise during
the development of autonomous flight transition for an UAV.
For example, a typical transition manoeuvre spans a wide
range of airspeeds and angles-of-attack. The presence of
variables which cover a wide range of values, when multi-
plied in combinations with the other variables, can poten-
tially result in massive aerodynamic databases for adequate
coverage of the transition envelope. This may require sig-
nificant effort and cost to generate by means such as wind
tunnel testing, computational fluid dynamics (CFD) etc.,
when developing autonomous transition. In addition, highly
non-linear aerodynamic characteristics and changes in sta-
bility characteristics associated with higher angles-of-attack
require complex, non-linear control strategies and algo-
rithms to be developed, further adding to the complexity of
development efforts.

W02013/048339 discloses a quad-rotor UAV capable of
vertical and horizontal flight modes. However, in the event
that one of the propellers fails, a loss of controllability of the
UAV may occur.

A need therefore exists to provide a UAV that seeks to
address at least some of the above problems.

SUMMARY

According to a first aspect, there is provided an unmanned
aerial vehicle (UAV) capable of vertical and horizontal flight
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2

modes, comprising an elongated wing structure having an
elongated axis along the longest dimension of the elongated
wing structure, the elongated wing structure having a middle
location at a substantially halfway point; a connecting
structure extending substantially perpendicularly from the
elongated wing structure, the connecting structure being
offset from the middle location of the elongated wing
structure at a first position along the elongated axis; and at
least three sets of propellers, wherein at least two sets of
propellers are mounted on the connecting structure, and
wherein at least one set of propellers is mounted at a second
position offset from the middle location in an opposite
direction away from the connecting structure.

At least one of the at least three sets of propellers may
comprise two propellers arranged in a co-axial and contra-
rotating configuration.

The two sets of propellers may be mounted on the
connecting structure. The two sets of propellers may be
separated by the elongated wing structure. When the UAV
comprises three sets of propellers, the remaining set of
propellers may be mounted at the second position, the
second position being a position on the elongated axis.

Each propeller may be independently drivable.

Each propeller may be independently controllable.

The UAV may further comprise a flight control module
for controlling the at least three sets of propellers, the flight
control module using the same set of controls for both
vertical and horizontal flight modes.

The flight control module may be configured to control
the at least three sets of propellers for autonomous transition
of the UAV between vertical and horizontal flight modes,
and vice versa, based on a predetermined range of angles-
of-attack. The predetermined range of angles-of-attack may
be within a linear acrodynamic regime.

The flight control module may be configured to control
the at least three sets of propellers for autonomous compen-
sation to maintain flight when at least one propeller of the at
least three sets of propellers malfunctions.

The UAV may further comprise a fuselage disposed at the
middle location on the elongated axis of the elongated wing
structure.

At least portions of respective trailing edges of the
elongated wing structure and the connecting structure may
be disposed on the same plane for contacting a ground in a
sitting position.

The same flight controls may be used for both vertical and
horizontal flight modes.

The flight controls for roll, pitch and yaw in vertical and
horizontal flight modes may be decoupled.

The UAV may be configured for vertical take off and
landing independent of a runway or other launch and recov-
ery equipment.

According to a second aspect, there is provided a method
for assembling an unmanned aerial vehicle (UAV) capable
of vertical and horizontal flight modes, the method com-
prising the steps of: providing an elongated wing structure
having an elongated axis along the longest dimension of the
elongated wing structure, the elongated wing structure hav-
ing a middle location substantially halfway along the elon-
gated axis; attaching a connecting structure to the elongated
wing structure at a first position along the elongated axis
offset from the middle location such that the connecting
structure extends substantially perpendicularly from the
elongated wing; mounting at least two sets of propellers on
the connecting structure; and mounting at least one set of
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propellers at a second position offset from the middle
location in the opposite direction away from the connecting
structure.

The step of mounting at least one set of propellers may
comprise arranging two propellers in a co-axial and contra-
rotating configuration.

The method may further comprise the step of attaching a
fuselage in the middle location on the elongated axis of the
elongated wing structure.

According to a third aspect, there is provided a kit for
assembling an unmanned aerial vehicle (UAV) capable of
vertical and horizontal flight modes, the kit comprising an
elongated wing structure having an elongated axis along the
longest dimension of the elongated wing structure, the
elongated wing structure having a middle location at a
substantially halfway point; a connecting structure adapted
to be attached to the wing structure at a first position along
the elongated axis offset from the middle location of the
elongated wing structure such that the connecting structure
extends substantially perpendicularly from the elongated
wing; and at least three sets of propellers, wherein at least
two sets of propellers are adapted to be mounted on the
connecting structure, and wherein at least one set of pro-
pellers is adapted to be mounted at a second position offset
from the middle location in the opposite direction away from
the connecting structure.

BRIEF DESCRIPTION OF THE DRAWINGS

Embodiments of the invention will be better understood
and readily apparent to one of ordinary skill in the art from
the following written description, by way of example only,
and in conjunction with the drawings, in which:

FIG. 1 shows a UAV according to an example embodi-
ment in a Vertical Take-Off and Landing orientation.

FIG. 2 shows the UAV of FIG. 1 in an airplane-mode
orientation.

FIG. 3 illustrates an example of a co-axial and contra-
rotating motor arrangement for the propellers.

FIG. 4 illustrates the directions of the propellers 122, 124,
132, 134, 142, 144 rotations for UAV of FIG. 1.

FIG. 5 shows the UAV of FIG. 1 in an orientation sitting
on a ground, e.g. before take-off or after landing.

FIG. 6 shows a schematic diagram illustrating a typical
transition manoeuvre by the UAV 100 of FIG. 1 according
to an example embodiment.

FIG. 7 shows a flow chart 700 illustrating a method of
assembling a UAV capable of vertical and horizontal flight
modes according to an example embodiment.

DETAILED DESCRIPTION

FIG. 1 shows a UAV 100 according to an example
embodiment in a Vertical Take-Off and Landing orientation.
FIG. 2 shows the UAV of FIG. 1 in an airplane-mode
orientation. The UAV 100 includes an elongated wing struc-
ture 110 configured to provide lift when the UAV 100 is in
a horizontal flight (i.e. airplane-mode). For example, the
elongated wing structure 110 may comprise an airfoil struc-
ture, as will be appreciated by a person skilled in the art. In
addition, the wing structure 110 in an example embodiment
is a high aspect ratio (i.e. ratio of span over chord in the case
of rectangular wing platforms) monoplane wing for high
cruise efficiency. In one preferred implementation, the cross-
section of the wing structure 110 is uniform from one wing
tip to the other wing tip (i.e. rectangular wing), for simpli-
fying fabrication and assembly. Additionally, such imple-
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mentation allows the UAV 100 to sit on a trailing edge of the
wing structure 110. The wing structure 110 is preferably
fabricated from a light weight and durable material, e.g. a
composite.

As can be seen from FIGS. 1 and 2, the elongated wing
structure 110 has an elongated axis 112 along the longest
dimension of the elongated wing structure 110. A middle
location 114 is substantially halfway along the elongated
wing structure 110.

The UAV 100 further includes a connecting structure 108
extending substantially perpendicularly from the elongated
wing structure 110 at a first position 116 along the elongated
axis 112. The first position 116 is offset from the middle
location 114 of the elongated wing structure 110. The
elongated wing structure 110 is shown to separate the
connecting structure 108 into a first portion 120 and a second
portion 130. In an embodiment, the connecting structure 108
may comprise a single continuous structure and may be
assembled to the elongated wing structure 110 at its mid-
point. In another embodiment, the connecting structure 108
may comprise a separate first portion 120 and second portion
130 assembled to the elongated wing structure 110.

As shown in FIG. 1 and FIG. 2, the first portion 120 of the
connecting structure 108 extends substantially perpendicu-
larly from the elongated wing structure 110 and the second
portion 130 of the connecting structure 108 extends sub-
stantially perpendicularly from the elongated wing structure
110 in a direction opposite from which the first portion 120
extends. The first portion 120 and the second portion 130
may be pylons. The first portion 120 and the second portion
130, which may have a symmetric airfoil section typical of
vertical fins, may have a span of adequate length to accom-
modate propellers 122, 124, 132, 134 without interference
with any other structure of the UAV 100. At least portions of
the trailing edge of the connecting structure 108 may be
disposed on the same plane as at least portions of the trailing
edge of the elongated wing structure 110, thus allowing the
UAV 100 to be in a sitting position with these portions of the
respective trailing edges contacting the ground. The first
portion 120 and the second portion 130 of the connecting
structure 108 may provide directional stability when the
UAV 100 is in airplane mode flight. Similar to the wing
structure 110, the connecting structure 108 may be prefer-
ably fabricated from a light weight and durable material
such as a composite.

In FIG. 1 and FIG. 2, the UAV 100 is shown to be
powered by three sets of propellers 122, 124, 132, 134, 142,
144 (which function as rotors during vertical flight). Two
propellers 122, 124 are mounted on the first portion 120 of
the connecting structure 108. Two propellers 132, 134 are
mounted on the second portion 130 of the connecting
structure 108. Two propellers 142, 144 are mounted on the
elongated wing structure 110 at a second position 118. The
second position is offset from the middle location 114 along
the elongated axis in a direction opposite from which the
connecting structure 108 is offset.

Each set of propellers 122, 124 or 132, 134 or 142, 144
may be mounted such that the two propellers 122, 124 or
132, 134 or 142, 144 in each set may be co-axial and
contra-rotating. For the two propellers 122, 124 or 132, 134
or 142, 144 in each set to be contra-rotating, each of the two
propellers in each set is driven by its own motor. FIG. 3 is
extracted from Bohorquez, F. et al, “Design, Analysis and
Hover Performance of a Rotary Wing Micro Air Vehicle,”
Journal of the American Helicopter Society, April 2003,
which illustrates an example of a configuration of a motor
arrangement to achieve independently-controlled co-axial
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and contra-rotating characteristics. A first propeller 124,
134, 144 may be attached to an inner shaft 324. A second
propeller 122, 132, 142 may be attached to an outer shaft
322. The inner shaft 324 and the outer shaft 322 are
co-axially arranged such that the outer shaft 322 surrounds
the inner shaft 324 longitudinally and are independently
rotatable with respect to each'other. The inner shaft 324 is
connected to a first motor 304 via a first gear reduction
transmission 314. The outer shaft 322 is connected to a
second motor 302 via a second gear reduction transmission
312. In this arrangement, the first motor 304 and the second
motor 302 are able to drive the inner shaft 324 and outer
shaft 322 independently. By rotating the inner shaft 324 and
the outer shaft 322 in opposite direction, the first propeller
124, 134, 144 and the second propeller 122, 132, 142 may
be rotated in opposite direction such that they are contra-
rotating.

The propellers 122, 124, 132, 134, 142, 144 may have the
same dimensions. The first set of propellers 122, 124 on the
first portion 120 and the second set of propellers 132, 134 on
the second portion 130 may be mounted such that the
distance measured from the rotating axis of the first set of
propellers 122, 124 to the elongated axis 112 is equal to the
distance measured from the rotating axis of the second set of
propellers 132, 134 to the elongated axis 112. The distances
may be such that the propellers 122, 124, 132, 134 do not
interfere with each other or with any other structure of the
UAV 100.

It is understood that the number of propellers 122, 124,
132, 134, 142, 144 in each set of propellers may vary. For
example, in an embodiment, each set of propellers may
include only one propeller 122, 132, 142. It is also possible
that, in another embodiment, each set of propellers may
include a different number of propellers from the other sets.
For example, the first set may include only one propeller 122
and the second set may include two propellers 132, 134, etc.

In yet another embodiment, there may be more than three
sets of propellers. For example, the UAV 100 may include
four sets of propellers. In this embodiment, the UAV 100
may include two connecting structures 108. The two con-
necting structures 108 may be offset from the middle loca-
tion 114 of the elongated wing structure 110 such that there
is one connecting structure 108 on each side of the middle
location 114. Each connecting structure 108 may extend
substantially perpendicularly from the elongated wing struc-
ture 110. Two sets of propellers may be mounted on each
connecting structure 108.

In the embodiment in which each set of propellers include
only one propeller, advantageously it is capable of vertical
and horizontal flight with fewer components, thus causing a
reduction in weight which can result in an improvement in
power consumption and efficiency during flight in compari-
son with a quad-rotor UAV. However, this embodiment may
also experience loss of controllability when any one of the
propellers fails.

In the embodiment in which each set of propellers include
two propellers, the problem of loss of controllability when
one of the propellers fails may be overcome. Advanta-
geously, in the configuration as shown in FIG. 1 and FIG. 2,
by providing the UAV 100 with three sets of propellers 122,
124, 132, 134, 142, 144, ecach set having two co-axial and
contra-rotating propellers, failure of one of the propeller will
not lead to a total loss of controllability of the UAV 100. This
is because, when any one of the propellers malfunctions, the
remaining propellers may be controlled to compensate the
loss in thrust such that the UAV 100 remains controllable for
continued flight. Therefore, this configuration allows the
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6

UAV 100 to be capable of vertical and horizontal flight with
the least number of propellers while preventing loss of
controllability of the UAV 100 when any one of the propel-
lers fails.

In FIG. 1 and FIG. 2, propellers 142, 144 are disposed at
the leading edge of the elongated wing structure 110, while
propellers 122, 124, 132, 134 are disposed at the leading
edge of the connecting structure 108. It is understood that
the propellers 122, 124, 132, 134 may be disposed at any of
the respective trailing edges in a pusher arrangement. In this
embodiment, the drag on the aircraft may be lower as the
slipstream makes no contact with the aircraft structure, but
it may then be more difficult to design the aircraft to sit on
a ground with portions of the trailing edges of elongated
wing structure 110 and connecting structure 108 contacting
the ground.

As shown in FIG. 1 and FIG. 2, the UAV 100 also includes
a fuselage 150 disposed at the middle location 114 on the
elongated axis 112 of the elongated wing structure 110. The
cross-section of the elongated wing structure 110 may be
wider at a section adjacent the fuselage 150, and progres-
sively tapers toward the wing tip, for improving aerody-
namic efficiency. The fuselage 150 is shown to divide the
elongated wing structure 110 into a left wing and a right
wing. In an embodiment, the elongated wing structure 110
may comprise a single continuous structure and the fuselage
may be assembled to its mid-point. In another embodiment,
the elongated wing structure 110 may comprise a separate
left and right wings assembled to the fuselage 150. Typi-
cally, the fuselage 150 may comprise a rigid housing that
contains e.g. electronic components for controlling the UAV
100, power source, surveillance equipment, communication
equipment, etc. The rigid housing may protect such com-
ponents and devices against damage in case of impact.

FIG. 4 illustrates the directions of the propellers 122, 124,
132, 134, 142, 144 rotations. Here, UAV 100 is in a
horizontal orientation and the propellers 122, 124, 132, 134,
142, 144 are being seen from the front. The rotational speeds
of propellers 122, 124, 132, 134, 142, 144 may be individu-
ally and independently controlled in the embodiment. As
shown, the two propellers 122, 124 or 132, 134 or 142, 144
in each set of propellers are contra-rotating, i.e. the outer
propeller 124, 134, 144 and the inner propeller 122, 132, 142
rotate in opposite direction from each other. The correspond-
ing propellers 122, 132, 142 or 124, 134, 144 between
different sets rotate in the same direction. The ‘+* configu-
ration of the propellers 122, 124 or 132, 134 or 142, 144,
when seen from the front, enable the usual hex-rotor controls
in the helicopter mode (vertical) to be directly translated into
the usual roll, pitch and yaw controls in the airplane mode
(horizontal).

In the embodiment as shown in FIG. 4, the flight control
principle for the UAV 100 in the airplane mode flight can be
established such that pitch is controlled by the differential
thrust between the first set of propellers 122, 124 on the first
portion 120 of the connecting structure 108 and the second
set of propellers 132, 134 on the second portion 130 of the
connecting structure 108; yaw is controlled by the differen-
tial thrust between propellers 122, 124, 132, 134 on the
connecting structure 108 and the third set of propellers 142,
144; and roll is controlled by the differential thrust between
the first propellers 124, 134, 144 in all three sets of propel-
lers, i.e. the front propellers, and the second propellers 122,
132, 142 in all three sets of propellers, i.e. the rear propel-
lers. In other words, pitch, yaw and roll controls are
decoupled, and only one set of flight control effectors is used
in this embodiment for both vertical and horizontal flight
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modes. No additional control surfaces or tilting mechanisms
are also required. Advantageously, if any one of the propel-
lers fails, the three sets of propellers may be controlled to
compensate the loss of any of one of the propellers in order
to maintain flight. The UAV 100 may include a flight control
module for autonomous control of the flight using the above
principle and/or provide autonomous compensation when
any one of the propellers fails.

FIG. 5 shows the UAV 100 of FIG. 1 in an orientation
sitting on a ground, e.g. before take-off or after landing. In
this orientation, the tip of the fuselage 150 is pointing
vertically upward. As can be seen from FIG. 5, the base of
the UAV 100 is wide relative to its resting height, resulting
in a substantially low centre of gravity in the embodiments.
For example, the fuselage 150 is almost completely inte-
grated into the elongated wing structure 110, and does not
extend significantly above the elongated wing structure 110.
The UAV 100 does not use a tail boom, thus reducing the
resting height. Further, in the resting position, the pylons for
propellers 122, 124, 132, 134 (utilising the connecting
structure 108) are positioned on the ground, thus providing
support to the UAV 100 on the ground, and resulting in no
need for additional weight or landing gears. The low centre
of gravity can improve the UAV 100’s robustness to toppling
in situations such as ground handling, landing in a wind, or
rolling ship decks.

From the resting position as shown in FIG. 5, the UAV
100 may be vertically launched, without requiring a runway
or launch equipment. During launch (and also during land-
ing), the propellers 122, 124, 132, 134, 142, 144 (FIG. 1)
function as rotors to provide lift to the UAV 100 (FIG. 1).
The UAV 100 thus can lift off from the ground in the same
manner as a helicopter. It will be appreciated that the
propeller speeds may be adjusted to maintain a vertical flight
direction during take off. Once a predetermined height, e.g.
a safety clearance, and speed, e.g. stall speed or above, is
achieved, the UAV 100 starts the transition into a horizontal
flight, during which it usually conducts its main functions,
e.g. surveillance, communication relaying, etc.

FIG. 6 shows a schematic diagram illustrating a typical
transition manoeuvre by the UAV 100 of FIG. 1 according
to an example embodiment. As described above, transition
from a vertical flight (helicopter mode) to a horizontal flight
(airplane mode) uses a vertical climb, followed by a circular
manoeuvre. At the first stage 602, the UAV 100 performs a
vertical take-off. At the second stage 604, the UAV 100
reaches the predetermined height and speed, and starts to
perform the circular manoeuvre. At the third stage 606, the
UAV 100 reaches the maximum point of the circular
manoeuvre, where it momentarily performs an inverted
flight. At the fourth stage 608, the UAV 100 is momentarily
downwardly oriented. At the fifth stage 610, the UAV 100
completes the transition manoeuvre and starts flying in the
airplane mode.

For landing, it will be appreciated that the UAV 100 starts
from the airplane mode. The UAV 100 may descend to a
predetermined height, where it transitions toward the heli-
copter mode, e.g. by performing a pull-up manoeuvre that
covers the quarter of the circular manoeuvre between the
fifth stage 610 and the second stage 604 (FIG. 6), thereby
briefly increasing its flying height. Once the UAV 100 is in
a vertical orientation, its height (z-coordinate) is controlla-
bly decreased and its ground position (x-, y-coordinates) is
controllably adjusted, e.g. by controlling the speeds of the
respective propellers 122, 124, 132, 134, 142, 144 (FIG. 1),
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such that the UAV 100 can descend and land on a designated
position on the ground, without requiring a runway or
landing equipment.

In an embodiment, the UAV 100 is capable of executing
the circular manoeuvre (for flight transition) that involves
only linear aerodynamics. That is, throughout the transition
manoeuvre, the angles-of-attack of the UAV 100 are within
the linear, pre-stall range. This may be achieved, for
example, by adequately powering and controlling the speed
of the UAV 100, hence the radius of the circular motion. For
example, the speed is at least the stall speed, with higher
speeds utilising more power and requiring a more powerful
engine.

Typically, the circular manoeuvre needs a significant
power margin to accomplish as certain portions involve a
vertical climb at speeds equal to at least the stall speed. As
the UAV 100 of the example embodiments has no tail boom,
landing gear, control surfaces, or tilting mechanisms and
associated actuators, the UAV 100 is inherently lightweight,
a feature that can facilitate meeting the severe power margin
requirements of the circular manoeuvre while operating in
the linear regime of aerodynamics.

Thus, during the development of an aerodynamic model
for autonomous transition, there is no need to deal with the
characteristics of complex, non-linear aerodynamics at high
angles-of-attack, nor the complex changes in stability char-
acteristics. Furthermore, as the transition uses only a narrow
range of angles-of-attack and flight speeds, the size of the
aerodynamic database needed for adequate coverage of the
transition envelope may be significantly reduced, along with
the cost and effort needed to generate it. In the example
embodiments, these can result in distinct reductions in the
complexity of aerodynamic modelling for autonomous tran-
sition development.

In an embodiment, the UAV 100 may include a flight
control module configured to control the at least three sets of
propellers for autonomous transition of the UAV between
vertical and horizontal flight modes, and vice versa, based
on a predetermined range of angles-of-attack.

Referring to FIG. 6, the power requirements are typically
most severe (i.e. highest) at the second stage 604, which
involves a vertically climbing flight. In the example embodi-
ments, the powerplant of the UAV, e.g. utilising fuel cells, is
configured to provide adequate power to move the UAV
through this stage. Maximum power requirement may
depend on factors such as total weight of the UAV, maxi-
mum speed, acceleration, etc. In some embodiments, a
hybrid fuel cell system may be used for the powerplant, in
case the power requirements exceed the power available
from commercially available fuel cells. Such a hybrid fuel
cell system typically comprises e.g. lithium-polymer batter-
ies in addition to the fuel cells, for providing power for the
more severe vertical and transition flight phases, following
which the fuel cells can kick in for airplane mode cruise
flight.

FIG. 7 shows a flow chart 700 illustrating a method of
assembling a UAV capable of vertical and horizontal flight
modes according to an example embodiment. At step 702, an
elongated wing structure is provided. At step 704, a con-
necting structure comprising first and second portions is
coupled to the elongated wing structure at a first position
offset from the middle location on an elongated axis of the
elongated wing structure. At step 706, at least two sets of
propellers are mounted on the connecting structure. At step
708 at least one set of propellers is mounted at a second
position offset from the middle location in the opposite
direction away from the connecting structure.
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The UAV according to the example embodiments advan-
tageously is capable of vertical and horizontal flight with the
least number of propellers while preventing loss of control-
lability of the UAV 100 when any one of the propellers fails.
It does not require launch or recovery equipment, runway, or
tilting mechanisms. Preferably, a single set of flight controls
can be used, and the same controls concept can be applied
in both vertical and horizontal flight modes. In addition,
flight controls for roll, pitch and yaw are decoupled in
vertical and horizontal flight modes. Thus, the UAV in the
example embodiments may be less complex than tilt-rotor
and tilt-wing equivalents. Moreover, the low centre of
gravity may advantageously allow stable ground, handling,
landing in a wind, or on rolling ship decks. This may also
reduce the susceptibility to toppling found in tail-sitters.
Further, the UAV according to the example embodiment is
advantageously configured to accomplish flight transition
using only the linear range of angles-of-attack. This may
result in a distinct reduction in the cost, effort and complex-
ity in the development of autonomous transition. The size
(and cost to generate it) of the aerodynamic database for
adequate coverage of the transition envelope may be
reduced. This may also render unnecessary the character-
ization and analysis of the highly non-linear and complex
aerodynamics which occur at the high angle-of-attack
region, or the development of complex algorithms to
achieve autonomous control over this region. Advanta-
geously, the UAV of the example embodiments can make
use of fuel cells (which have high energy densities or
electrical charges per unit weight) for power during airplane
mode cruise, for achieving high endurance. Meeting the
severe power margin requirements of the transition manoeu-
vre may be facilitated by the UAV being inherently light in
weight, as it has no tail boom, landing gear, control surfaces,
or tilting mechanisms and associated actuators.

It will be appreciated by a person skilled in the art that
numerous variations and/or modifications may be made to
the present invention as shown in the specific embodiments
without departing from the spirit or scope of the invention as
broadly described. The present embodiments are, therefore,
to be considered in all respects to be illustrative and not
restrictive.

The invention claimed is:

1. An unmanned aerial vehicle (UAV) capable of vertical
and horizontal flight modes, comprising:

an elongated wing structure having an elongated axis
along the longest dimension of the elongated wing
structure, the elongated wing structure having a middle
location at a halfway point;

a connecting structure extending perpendicularly from the
elongated wing structure at a first position along the
elongated axis, the first position being offset from the
middle location of the elongated wing structure; and

three sets of propellers, each set of propellers having at
least two propellers, wherein two sets of propellers are
mounted on the connecting structure such that the two
sets of propellers are separated by the elongated wing
structure, and wherein one set of propellers is mounted
at a second position along the elongated axis, the
second position being offset from the middle location in
an opposite direction away from the first position.

2. The UAV as claimed in claim 1, wherein the at least two
propellers in each set of propellers are arranged in a co-axial
and contra-rotating configuration.

3. The UAV as claimed in claim 1, wherein each propeller
is independently drivable.
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4. The UAV as claimed in claim 1, wherein each propeller
is independently controllable.
5. The UAV as claimed in claim 1, further comprising a
flight control module for controlling the three sets of pro-
pellers, the flight control module using the same set of
controls for both vertical and horizontal flight modes.
6. The UAV as claimed in claim 5, wherein the flight
control module is configured to control the three sets of
propellers for autonomous transition of the UAV between
vertical and horizontal flight modes, and vice versa, based
on a predetermined range of angles-of-attack.
7. The UAV as claimed in claim 6, wherein the predeter-
mined range of angles-of-attack are within a linear aerody-
namic regime.
8. The UAV as claimed in claim 5, wherein the flight
control module is configured to control the three sets of
propellers for autonomous compensation to maintain flight
when at least one propeller of the three sets of propellers
malfunctions.
9. The UAV as claimed in claim 1, further comprising a
fuselage disposed at the middle location on the elongated
axis of the elongated wing structure.
10. The UAV as claimed in claim 1, wherein at least
portions of respective trailing edges of the elongated wing
structure and the connecting structure are disposed on the
same plane for contacting a ground in a sitting position.
11. The UAV as claimed in claim 1, wherein the same
flight controls are used for both vertical and horizontal flight
modes.
12. The UAV as claimed in claim 11, wherein flight
controls for roll, pitch and yaw in vertical and horizontal
flight modes are decoupled.
13. The UAV as claimed in claim 1, configured for vertical
take off and landing independent of a runway or other launch
and recovery equipment.
14. A method for assembling an unmanned aerial vehicle
(UAV) capable of vertical and horizontal flight modes, the
method comprising the steps of:
providing an elongated wing structure having an elon-
gated axis along the longest dimension of the elongated
wing structure, the elongated wing structure having a
middle location halfway along the elongated axis;

attaching a connecting structure to the elongated wing
structure at a first position along the elongated axis
offset from the middle location such that the connecting
structure extends perpendicularly from the elongated
wing;

mounting two sets of propellers on the connecting struc-

ture such that the two sets of propellers are separated by
the elongated wing structure; and

mounting one set of propellers at a second position along

the elongated axis offset from the middle location in an
opposite direction away from first position,

wherein each set of propellers have at least two propellers.

15. The method as claimed in claim 14, wherein mounting
each set of propellers comprises arranging the at least two
propellers in a co-axial and contra-rotating configuration.

16. The method as claimed in claim 14, further compris-
ing the step of attaching a fuselage in the middle location on
the elongated axis of the elongated wing structure.

17. A kit for assembling an unmanned aerial vehicle
(UAV) capable of vertical and horizontal flight modes, the
kit comprising:

an elongated wing structure having an elongated axis

along the longest dimension of the elongated wing
structure, the elongated wing structure having a middle
location at a halfway point;
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a connecting structure adapted to be attached to the wing
structure at a first position along the elongated axis
offset from the middle location of the elongated wing
structure such that the connecting structure extends
perpendicularly from the elongated wing;

and

three sets of propellers, each set of propellers having at
least two propellers, wherein two sets of propellers are
adapted to be mounted on the connecting structure such
that the two sets of propellers are separated by the
elongated wing structure, and wherein one set of pro-
pellers is adapted to be mounted at a second position
along the elongated axis offset from the middle location
in an opposite direction away from the first position.
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