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(54) SMALL UNMANNED AIRCRAFT

(57) A small unmanned airplane includes; a main
wing (1) having a camber airfoil whose under surface is
approximately flat, narrowing in the shape of taper to a
blade tip, leading edge of which holds sweepback angle,
of flying wing type which has an aerodynamic surface of
tailless wing type and is low aspect ratio; movable flaps
(2) extending approximately extreme breadth in trailing
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edge part of both left and right sides of the main wing,
having a dihedral angle at least in level flight; vertical
stabilizers (3) placed at blade tips of left and right of the
main wing; and two propellers (5) installed on the top
surface of the main wing. This can materialize miniatur-
ization and weight saving of a small unmanned airplane
forindividual carrying capability and for suitability for such
as lift-off by hand throw.
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Description

FIELD OF THE INVENTION

[0001] The present invention relates to a small un-
manned airplane of the remote-control type of such as
radio guidance or of the autonomy type used by moni-
toring, observation, communication relay, and so on.

BACKGROUND ART

[0002] In general, aircraft having a fixed wing have a
wing form including a main wing in the fuselage part and
atail assembly at back-end side of the fuselage part, and
for this case, the main aerodynamic lift to make the air-
frame rise generates in the main wing, and the tail as-
sembly is used for sustainment of attitude stability of the
airframe and for flight control.

[0003] In addition, aircraft having a fixed wing include
an airplane called a flying wing or a tailless airplane that
consists of only a main wing. There are many airframes
which adopt a tailless airplane structure in a field of un-
manned airplanes aimed at miniaturization, in such an
unmanned airplane, an propellerto get propulsion power
isinstalled in height almost same as alar part, in addition,
in small unmanned airplanes which take off by such as
hand throw, it is unfavorable to have a landing device
such as wheels and skids so as to avoid increasing the
weight of the airframe structure, therefore, there are
many unmanned airplanes which make the airframe land
by means of such as belly-landing and intentional falling
caused by a stall.

[0004] However, in the architecture which includes a
main wing in the fuselage part and a tail assembly at
back-end side of the fuselage part, because of a structure
of a airframe to achieve aerodynamic characteristics, a
certain distance (space) must be set in physical relation-
ship with the main wing and the tail assembly, therefore,
there is a problem that over-all length becomes long in
anterioposterior of the airframe. In addition, a main wing
span also tends to relatively get longer as length of the
anterioposterior, andthis becomes a big problem against
miniaturization of the unmanned aircraft whose develop-
ment is being advancing for personal carrying and other
purpose in late years.

[0005] On the other hand, in flying wings or tailless
airplanes which consist of only a main wing, when the
airframe is made land by means of such as belly-landing
and intentional falling because of stall, there is a problem
that propulsion mechanisms such as propellers are dam-
aged by the shock of a landing as if it is natural. Because
of this, many airframes that do not premise recycling of
them are commonly found.

[0006] The present invention can solve the above-
mentioned assignments profitably, and aims at material-
izing miniaturization and weight saving for individual car-
rying capability and for suitability for such as lift-off by
hand throw, and at providing small unmanned airplanes
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that have enough flight stability, and that are not dam-
aged easily in landing such as belly-landing.

DESCRIPTION OF THE INVENTION

[0007] The small unmanned airplane of the present
invention which achieve above-mentioned purposes in-
cludes a main wing of flying wing type having an aero-
dynamic surface of tailless airplane type, a flap for the
attitude control installed in trailing edge part of both left
and right sides of the main wing, a vertical stabilizer in-
stalledin both end parts of the main wing or at the middle
part of the top surface of the wing, and at least one pro-
pulsion means installed on the top surface of the main
wing.

[0008] The small unmanned airplane of the present
invention, for example, takes off by means of such as lift-
off by hand throw or with a launcher, gets a thrust by the
propulsion means, stabilizes a direction by the vertical
stabilizer, performs such as ascentand descentandturn-
ing by means of actuation of the flap and by means of
adjustment of athrust of the propulsion means, and lands
or alights on the water by means of belly-landing.
[0009] Therefore, according to the small unmanned
airplane of the present invention, free flight is possible,
besides, by having a main wing of flying wing type, an
over-all length shortens and an extreme breadth is
stayed, therefore, it can materialize miniaturization and
weight saving for individual carrying capability and for
suitability for such as lift-off by hand throw, in addition,
because the propulsion means installed on a top surface
of a main wing accelerates air current on the top surface
of the main wing, big aerodynamic lift can be obtained,
furthermore, flight stability of the airframe can be ob-
tained by means of a flap controlling an attitude of the
airframe. In here, if the flap has a dihedral angle at least
in level flight, the flap turns air current on a top surface
of the main wing to the backward and obliquely upward
at least in level flight, therefore, a head lowering moment
at the time of thrust increase matches with a back low-
ering moment and flight stability of an airframe can be
improved.

[0010] In addition, according to the small unmanned
airplane of the present invention, because of having a
main wing of flying wing type, if the main wing has a low
aspect ratio by narrowing in the shape of taper to a blade
tip and holding at the leading edge a sweepback angle,
a stall can be restrained when elevation angle of the air-
frame grew big, and aerodynamic stability can be ob-
tained easily when gust or rapid control of the airframe
occurs, and if the main wing has camber airfoil whose
inferior surface becomes approximately flat, it makes a
glide in landing or alighting on the water smooth and can
prevent the damage of the airframe effectively.

[0011] As well in the small unmanned airplane of the
present invention, the main wing may have a dihedral
angle in left and right part for the middle. With this con-
stitution, lateral-stability of the airframe can be obtained
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and when an attitude angle of bilateral direction of the
airframe declines in landing or alighting on the water, a
touch-down and alighting on the water from a blade tip
part can be avoided and the damage of the airframe can
be minimized.

[0012] In addition, in the small unmanned airplane of
the present invention, the main wing may have a cross-
sectional shape that is a similar figure from a wing root
part (middle part) to a blade tip and narrows linearly in
the shape of taper from a wing root part to a blade tip.
With this constitution, at the time of manufacturing, prep-
aration of only actual shape gages of a cross section of
awing root partand a cross section of a blade tip enables
to form aerofoil surfaces with straight lines binding them
radiatively. Thus, for example, when main structure ma-
terials of an interior of the wing are such as Styrofoam,
the main wing can be easily cut and brought down with
a heat wire cutter.

In addition, pasting of such as vinyl polymers film to a
surface of a structural material cut and brought down as
a stiffener of the main wing can be performed easily.
[0013] Furthermore, in the small unmanned airplane
of the present invention, the flap may be a fixed flap and
the propulsion means may be installed at left and right
of the top surface of the main wing.

With this constitution, by adjustment of a thrust of the
propulsion means, flight control is enabled. In other
words, by control of a thrust of the propulsion means of
left and right, ascent and descent flight are attained in
increase and decrease of a total thrust and a direction
turningis attained by difference of the left and right thrust,
therefore, high mobility can be realized without need to
equip such as actuator mechanisms for steering, com-
ponents of a airframe can be minimized, and amore small
and light unmanned airplane can be constituted.

[0014] Furthermore, in the small unmanned airplane
of the present invention, the flap may be a movable flap
and the propulsion means may be installed at left and
right or at middle part of the top surface of the main wing.
With this constitution, by angle adjustment of the movable
flaps of left and right, flight control can be attained.

In other words, by control of an angle of the movable
flaps of left and right, ascent and descent flight s by con-
trol of an attitude angle of a pitching direction of a airframe
by means of raising and lowering the movable flaps of
left and right in a same direction at the same time and
direction turning can be attained by control of an attitude
angle of a rolling direction of the airframe by means of
raising and lowering the movable flaps of left and right in
a reverse direction each other at the same time. And,
control of the movable flaps of left and right and control
of a thrust of the propulsion means of left and right may
be associated. With this constitution, the unmanned air-
plane having higher mobility, having high flight perform-
ance or having high controllability, can be realized.
[0015] Furthermore, in the small unmanned airplane
of the present invention, the propulsion means is a pro-
peller which is rotationally driven by means of a drive
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source, the propeller may be placed so that the lowest
point of the revolution of the propeller is higher than an
under surface of the main wing. With this constitution,
because the propeller does not protrude in an under sur-
face of the main wing, in landing or alighting on the water,
the propeller can be avoided touching grass or ground
or water surface and the damage of the airframe can be
minimized.

[0016] Furthermore, in the small unmanned airplane
of the present invention, a rotation axis of the propeller,
for a frontal direction of the wing, may face to diagonal
right when the propeller rotates clockwise seeing from a
point in front of the main wing, and may face to diagonal
left when the propeller rotates counterclockwise seeing
from a point in front of the main wing. With this constitu-
tion, slippages of the propeller wake flow on the top sur-
face of the main wing by twist of the flow are corrected
and the propeller wake flow can be turned to a desired
direction.

[0017] Furthermore, in the small unmanned airplane
of the present invention, the fuselage extending in ante-
rioposterior may be placed atthe middle part of the under
surface of the main wing, a storing bay may be formed
in the interior of the fuselage, and the bottom of the fu-
selage may be formed in the shape of a skid. With this
constitution, such payloads as batteries and a control
computer, various kinds of sensors, and/or a cameracan
be stored in the storing bay of the interior of the fuselage,
besides, an effective surface for a touch-down or for
alighting on the water can be formed by the bottom of
the fuselage whose form is a skid such as a single skid
or a double skid, it makes a glide in landing or alighting
on the water smooth and can prevent the damage of the
airframe effectively. As well, a bottom of the fuselage
may be covered with a film of abrasion resistance and
so on. With this constitution, a damage of the airframe
can be prevented effectively in landing or alighting on the
water.

[0018] And, in the small unmanned airplane of the
present invention, at least a bottom of the fuselage may
be made from a buffer material such as Styrofoam. With
this constitution, shock inlanding or alightingonthe water
can be absorbed and a damage of the airframe can be
prevented effectively.

BRIEF DESCRIPTION OF THE DRAWINGS

[0019]

Fig. 1 depicts a perspective view showing one em-
bodiment of the small unmanned airplane of the
present invention seeing from a diagonal front and
upper point.

Fig. 2 depicts a perspective view showing the small
unmanned airplane of the above-mentioned embod-
iment seeing from a diagonal rear and lower point.
Fig. 3 depicts a front view showing the small un-
manned airplane of the above-mentioned embodi-
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ment.

Fig. 4 depicts a top view showing the small un-
manned airplane of the above-mentioned embodi-
ment.

Fig. 5 depicts a side view showing the small un-
manned airplane of the above-mentioned embodi-
ment.

Fig. 6 depicts an explanatory drawing showing the
control system of the small unmanned airplane of
the above-mentioned embodiment.

Fig. 7 depicts a perspective sectional view along the
line A-A of Fig. 6 showing the control system of the
small unmanned airplane of the above-mentioned
embodiment.

Fig. 8 (a) and Fig 8 (b) depict perspective sectional
views showing respectively the blade cross-section-
al shape of the middle part and of a blade tip of the
main wing of the small unmanned airplane of the
above-mentioned embodiment.

BEST MODE FOR CARRYING OUT THE INVENTION

[0020] The present invention will be further described
below in detail with reference to the preferred embodi-
ments shown in the accompanying drawings. In here,
Fig. 1 depicts a perspective view showing one embodi-
ment of the small unmanned airplane of the present in-
vention seeing from a diagonal front and upper point. Fig.
2 depicts a perspective view showing the small un-
manned airplane of the above-mentioned embodiment
seeing froma diagonal rearand lower point. Fig. 3 depicts
a front view showing the small unmanned airplane of the
above-mentioned embodiment. Fig. 4 depicts a top view
showing the small unmanned airplane of the above-men-
tioned embodiment. Fig. 5 depicts a side view showing
the small unmanned airplane of the above-mentioned
embodiment. Fig. 6 depicts an explanatory drawing
showing the control system of the small unmanned air-
plane of the above-mentioned embodiment. Fig. 7 de-
picts a perspective sectional view along the line A-A of
Fig. 6 showing the control system of the small unmanned
airplane of the above-mentioned embodiment. Fig 8 (a)
and Fig 8 (b) depict perspective sectional views showing
respectively the blade cross-sectional shape of the mid-
dle part and of a blade tip of the main wing of the small
unmannedairplane of the above-mentioned embodiment
Fig. 1is a perspective view seeing from the diagonal front
and from the upper point showing one embodiment of a
small unmanned airplane according to the presentinven-
tion.

[0021] The small unmanned airplane (or the drone) of
this embodiment as shown in Fig. 1 and Fig. 6, includes
a main wing 1, two movable flaps 2 of left and right, two
vertical stabilizers 3 of left and right, a fuselage 4, two
propellers 5 of left and right as propulsion means, two
motors 6 of left and right, two servomotors 7 of left and
right, a receiver 8 for radio control and a battery 9. The
main wing 1 in here, which is flying wing type, has acam-
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ber airfoil form whose under surface is almost flat, and
narrows in the shape of taperto ablade tip, whose leading
edge holds sweepback angle, andis low aspect ratio and
has aerodynamic surface of tailless airplane type (for ex-
ample, NACA2408 correcting type).

[0022] And the two movable flaps 2 of left and right
extend approximately extreme breadth in both left and
right sides of trailing edge part of the main wing 1, and
each are coupled the leading edge to the main wing 1 by
not shown hinges so that each can raise and lower, and
two vertical stabilizers 3 of left and right are vertically
provided at the position near posterior of left and right
blade tips of the main wing 1.

[0023] The fuselage 4 is formed the whole from Styro-
foam as a buffer material, and as shown in Fig. 6 and
Fig. 7, the fuselage 4 is formed a storing bay 4a in the
interior, and is fixed detachably at the middle part of the
under surface of the main wing 1. A bottom 4b of the
fuselage 4, as shown Fig. 2 and Fig. 5, is formed in the
shape of single skid which rises in front and rear and is
generally flat at the middle part between them.

[0024] Two propellers 5 of left and right are coupled to
output shafts of two motors 6 of left and right, and are
rotationally driven by those motors 6, and cause a thrust
by rotating in a same direction each other (counterclock-
wise direction as seeing from a point in front of the main
wing). Further in here, rotation axes of those two propel-
lers 5, for the frontal direction of the main wing 1, face to
slightly diagonal left seeing from a point in front of the
main wing so that propeller wake flow is directed to a
diagonal right direction seeing from a point in front of the
main wing.

[0025] On the other hand, as shown in FIG. 1, levers
10 are vertically provided respectively on the two mova-
ble flaps 2 of left and right, and tops of those levers 10
are coupled with one ends of connecting rods 11, and
the other ends of those rods 11 are coupled with prede-
termined holes offsetting from center to radial direction
of cranks fixed at output axis of two servomotors 7 each
laid in left and right sides of the main wing 1, and each
of servomotors 7 rotates the crank by the output shaft,
then the crank pushes and pulls a lever 10 on a movable
flap 2 through the connecting rod 11, and makes swing
amovable flap 2 for upper and lower direction at an angle
associating with rotating angle of the crank. Thus, two
movable flaps 2 are raised and lowered independently
each other.

[0026] The two motors 6 of left and right and the two
servomotors 7 of left and right, as shown in Fig. 6 and
Fig. 7, are connected to the receiver 8 contained in the
storing bay 4a in the interior of the fuselage 4, and with
the receiver 8, are fed from the battery 9 mounted in the
interior of the fuselage 4, and move based on control
signals given by radio waves from a radio controller which
is notillustrated. Especially, two servomotors 7 of left and
right give two movable flaps 2 of left and right a dihedral
angle at least in level flight.

[0027] As well, the main wing 1 in here, as shown in
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Figs. 8 (a) and 8 (b) for the wing cross-sectional shape
of the main wing middle and of the main wing tips, has
the cross-sectional shape which is the similar figure from
the wing root part (middle part) to the blade tip and nar-
rows linearly in the shape of taper from the wing root part
to the blade tip.

[0028] The small unmanned airplane of this embodi-
ment, for example, takes off by means of such as lift-off
by hand throw or with a launcher, gets a thrust by the
propellers 5, stabilizes a direction by vertical stabilizers
3, performs such as ascent and descent and turning by
means of actuation of flaps 2 and by means of adjustment
of athrust of the propellers 5, and lands or alights on the
water by means of belly-landing.

[0029] Therefore, according to the small unmanned
airplane of this embodiment, free flight is possible by ra-
dio control, besides, by having the main wing 1 of flying
wing type of low aspect ratio, the over-all length shortens,
and the extreme breadth is stayed. Thus, it can materi-
alize miniaturization and weight saving for individual car-
rying capability and for suitability for such as lift-off by
hand throw. In addition, because propellers 5 installed
on a top surface of the main wing 1 accelerate air current
on the top surface of the main wing 1, big aerodynamic
lift can be obtained. Furthermore, because movable flaps
2 having a dihedral angle at least in level flight turn the
air current to the backward and obliquely upward, a head
lowering moment at the time of thrust increase matches
with a back lowering moment, and flight stability of the
airframe can be improved.

[0030] In addition, according to the small unmanned
airplane of this embodiment, because of having a main
wing 1 of flying wing type which has a low aspect ratio
by narrowing in the shape of taper to a blade tip and
holding at the leading edge a sweepback angle, a stall
can be restrained when elevation angle of the airframe
grew big, and aerodynamic stability can be obtained eas-
ily when gust or rapid control of the airframe occurs. And
because the main wing 1 has camber aitfoil form whose
under surface becomes approximately flat, it makes a
glide in landing or alighting on the water smooth and can
prevent the damage of the airframe effectively.

[0031] Furthermore, according to the small unmanned
airplane of this embodiment, because the main wing 1
has a dihedral angle in left and right part for the middle,
lateral-stability of the airframe can be obtained and when
an attitude angle of bilateral direction of the airframe de-
clines in landing or alighting on the water, a touch-down
and alighting on the water from a blade tip part can be
avoided and the damage of the airframe can be mini-
mized.

[0032] In addition, according to the small unmanned
airplane of this embodiment, because the main wing 1
has a cross-sectional shape which is a similar figure from
a wing root part (middle part) to a blade tip and narrows
linearly in the shape of taper from a wing root part to a
blade tip, at the time of manufacturing the main wing 1,
preparing of only actual shape gages of a cross section
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of a wing root part and a cross section of a blade tip part
enables to form aerofoil surfaces with straight lines bind-
ing those gages radiatively. Thus, for example, when
main structure materials of an interior of the wing are
such as Styrofoam, the main wing can be easily cut and
brought down with a heat wire cutter. In addition, pasting
of such as vinyl polymers film to a surface of a structural
material cut and brought down as a stiffener of the main
wing 1 can be performed easily.

[0033] Furthermore, accordingto the small unmanned
airplane of this embodiment, because the flaps are mov-
able flaps 2 and the propellers 5 are installed at left and
right of the top surface of the main wing 1, by control of
an angle of the movable flaps 2 of left and right, ascent
and descent flight are attained by control of an attitude
angle of a pitching direction of the airframe by means of
raising and lowering the movable flaps 2 of left and right
in a same direction at the same time, and direction turning
is attained by control of an attitude angle of a rolling di-
rection of the airframe by means of raising and lowering
the movable flaps 2 of left and right in a reverse direction
each other at the same time. And, by associating control
of the movable flaps of left and right 2 and control of a
thrust of the propellers 5 of left and right, an unmanned
airplane having higher mobility, having high flight per-
formance or having high controllability, can be realized.
[0034] Furthermore, accordingto the small unmanned
airplane of this embodiment, the propulsion means are
propellers 5 which are rotationally driven by means of a
drive source, and the propellers 5 are placed so that the
lowest point of the revolution of the propellers 5 is higher
than an under surface of the main wing 1, therefore the
propellers 5 do not protrude in the under surface of the
main wing 1. Thus, in landing or alighting on the water,
the propellers 5 can be avoided touching grass or ground
or water surface and the damage of the airframe can be
minimized.

[0035] Furthermore, according to small unmanned air-
plane of this embodiment, rotation axes of two propellers
5 which rotate both counterclockwise seeing from a point
in front of the main wing, for afrontal direction of the main
wing 1, face to diagonal left, therefore, slippages of the
propeller wake flow on the top surface of the main wing
1 by twist of the flow of each propellers 5 are corrected,
those propeller wake flows can be turned to just behind
and can be subjected to the two movable flaps 2 effec-
tively.

[0036] Furthermore, accordingto the small unmanned
airplane of this embodiment, because the fuselage 4 ex-
tending in anterioposterior is placed at the middle part of
the under surface of the main wing 1, the storing bay 4a
is formed in the interior of the fuselage 4 and the bottom
4b of the fuselage 4 is formed in the shape of a skid, such
payloads as batteries, a control computer, various kinds
of sensors, and/or a camera can be stored in the storing
bay 4a of the interior of the fuselage, besides, the effec-
tive surface fora touch-down or for alighting on the water
can be formed by bottom of fuselage 4b whose form is
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a single skid, it makes a glide in landing or alighting on
the water smooth and can prevent the damage of the
airframe effectively.

[0037] And, according to the small unmanned airplane
of this embodiment, because the whole fuselage 4 is
made from Styrofoam as a buffer material, shock in land-
ing or alighting on the water can be absorbed and the
damage of the airframe can be prevented effectively.
[0038] An explanation has been given based on the
illustrated examples, however, the present invention is
not limited by the above-mentioned examples. For ex-
ample, the flap may be a fixed flap, and the propulsion
means may be installed at left and right of the top surface
of the main wing. With this constitution, by adjustment of
athrust of the propulsion means, flight control is enabled.
In other words, by control of a thrust of the propulsion
means of left and right, ascent and descent flight are
attained by increase and decrease of the total thrust and
direction turning is attained by difference of the thrust of
left and right. This can realize high mobility without need
to equip such as actuator mechanisms for steering.
Therefore, components of the airframe can be minimized,
and a more small and light unmanned airplane can be
constituted.

[0039] Furthermore, in the present invention, for ex-
ample, the vertical stabilizer may be set up at the middle
part of the top surface of the main wing, and the propul-
sion means may be an exhaust outlet of a small jet engine
or a small rocket engine. In addition, in the present in-
vention, for example, a bottom of the fuselage may be
covered with a film of abrasion resistance and so on. With
this constitution, a damage of the airframe can be pre-
vented effectively in landing or alighting on the water.
[0040] And, inthe present invention, not radio control,
a control computer mounted in the airframe may control
such as propulsion means and movable flaps by means
of determination of such as the attitude and the position
of the airframe based on such as the location data from
GPS satellites and information from the various sensors
mounted in the airframe similarly, thereby flying autono-
mously may be carried out.

INDUSTRIAL APPLICABILITY

[0041] Thus, according to the present invention, it can
materialize miniaturization and weight saving of a small
unmanned airplane of remote-control type by such as
radio guidance or of autonomy type used for such as
watching, observation or communication relay, for indi-
vidual carrying capability and for suitability for such as
lift-off by hand throw.

Claims
1. A small unmanned airplane comprising:

a main wing of flying wing type having an aero-
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dynamic surface of tailless airplane type;

a flap for an attitude control installed in trailing
edge part of both left and right sides of said main
wing;

a vertical stabilizer installed in both tip parts of
saidmain wing oratamiddle partof atop surface
of said main wing; and

atleast one propulsion means installed on a top
surface of said main wing.

The small unmanned airplane according to claim 1,
characterized in that;

said main wing has a dihedral angle in left and right
part for middle.

The small unmanned airplane according to claim 1
or 2, characterized in that;

said main wing has a cross-sectional shape that is
the similar figure from a wing root part to a blade tip,
and narrows linearly in the shape of taper from the
wing root part to the blade tip.

The small unmanned airplane according to any one
of claims 1 to 3, characterized in that;

said flap is a fixed flap; and

said propulsion means is installed at left and right of
a top surface of said main wing.

The small unmanned airplane according to any one
of claims 1 to 3, characterized in that;

said flap is a movable flap; and

said propulsion means is installed at left and right or
at a middle part of a top surface of said main wing.

The small unmanned airplane according to any one
of claims 1 to 5, characterized in that;

said propulsion means is a propeller that is rotation-
ally driven by means of a drive source; and

said propeller is placed so that the lowest point of
revolution of said propeller is higher than an under
surface of said main wing.

The small unmanned airplane accerding to claim 6,
characterized in that;

a rotation axis of said propeller, for a frontal direction
of said main wing, faces to diagonal right when said
propeller rotates clockwise seeing from a point in
front of said main wing, and faces to diagonal left
when said propeller rotates counterclockwise seeing
from a point in front of said main wing.

The small unmanned airplane according to any one
of claims 1 to 7, characterized in that;

a fuselage extending in anterioposterior is placed at
a middle part of an under surface of said main wing;
a storing bay is formed in an interior of said fuselage;
and

a bottom of said fuselage is formed in a shape of a
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skid.

The small unmanned airplane according to claim 8,
characterized in that;

at least a bottom of said fuselage is made from a
buffer material.
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