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UNMANNED AIRCRAFT

Field of the Invention

[0001] The present invention relates to an unmanned aerial vehicle, and more
specifically, to an unmanned aeria vehicle with foldable propellers that are
positioned at the same height as adjacent propellers and can rotate with

overlapping rotation ranges.

Background of the Invention

[0002] An unmanned aeria vehicleistypically transported by, for example,
loading it onto atruck and carrying it to an airfield. The bed of a 2-ton truck, for
example, is 3.1 metersin length, 1.6 metersin width, and 0.4 metersin height. It
is desirable for the dimensions of the unmanned aerial vehicle to be such that it
can be loaded onto this truck. By equipping an unmanned aeria vehicle with
four horizontally rotating propellers, each 1.8 meters long and arranged so that
they do not overlap, the overall dimensions of the aircraft become 3.6 metersin
both length and width. As aresult, it cannot be loaded onto a 2-ton truck bed. By
making the propellers foldable, the length of each propeller can be reduced to 0.9
meters, resulting in overall dimensions of 1.8 meters in length and width.
However, it still cannot be loaded onto atruck bed that is 1.6 meters wide.

[0003] To make the unmanned aerial vehicleloadable onto a 2-ton truck, itis
conceivable to reduce the overall dimensions by alowing the rotation ranges of
the propellersto overlap. In that case, to prevent the propellers from colliding, the

height of the propellers will be adjusted to ensure they overlap correctly. If
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adjacent propellers are overlapped by approximately 0.5 meters, the overal
dimensions can be reduced to 0.8 meters (1.8 meters - 0.5 meters x 2) in length,
allowing the unmanned aerial vehicle to be loaded onto a 2-ton truck bed.

[0004] Eliminating propeller collisions by creating height differences
between the propel lersis effective when each propeller isdriven by its own motor.
However, creating height differences between the propellersis not desirable from
the perspective of uniform lift and stability of the unmanned aeria vehicle. In
contrast, if the propellers are driven by an engine viagears, each propeller can be
rotated in synchronization with the others, maintaining a constant positional
relationship. This alows the propellers to be placed at the same height without
causing collisions between them. Patent Document 1 (JP2020-100241A)
describes an unmanned aerial vehicle equipped with an engine, where the
propellers are driven by gears. This document does not describe folding the

propellers or arranging them in an overlapping manner.

Prior-art Document
Patent Document
[0005]

Patent Document 1: JP2020-100241A

Summary of the Invention
Technical Problem
[0006] The objective of the present invention is to provide an unmanned

aeria vehicle that enables uniform lift and reduces the overall dimensions of the
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arcraft.

Solution to Problem

[0007] An unmanned aeria vehicle according to the present invention
includes four propeller shafts arranged horizontally in a diagonal direction to
extend from an airframe, four propellers, each including two bladeswith afolding
mechanism, and gears that transmit the rotation of an engineto the propellers. The
four propellers are all positioned at the same height relative to each end of the
respective propeller shafts, the adjacent propellers have overlapping rotational
ranges, the propellers are mounted at a 90° offset mounting angle from each
adjacent propeller, and the adjacent propellers rotate in opposite directions.
[0008] The folding mechanism includes a knob, a spring, a pin, and a rubber
damper that surrounds the pin. Pulling the knob to release the engagement

between the pin and the blade allows the blade to rotate around arotational shaft.

Effects of the Invention

[0009] The unmanned aerial vehicle according to the present invention has
the following effects. (1) By positioning al four propellers at the same height, a
uniform lift is achieved. (2) By providing overlapping rotational ranges for the
adjacent propellers and incorporating a folding mechanism for each propeller, the
overal dimensions of the aircraft are reduced, allowing it to be loaded onto a
small truck and transported on public roads. (3) By driving the propellers with
gears, offsetting the mounting angles of adjacent propellers by 90°, and making

the rotation directions of adjacent propellers opposite, the propellers can be
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positioned at the same height and have overlapping rotational ranges without
colliding with each other.

[0010] By providing afolding mechanism for ablade, which includes aknob,
a spring, a pin, and a rubber damper surrounding the pin, manually pulling the
knob releases the engagement between the pin and the blade, alowing the blade
to rotate around a rotational shaft. This enables the propeller to be folded. By
providing a rubber damper on the pin, the load applied to the pin when the

propeller starts rotating can be mitigated.

Brief Description of the Drawings

[0011]

Fig. lisaplan view of an unmanned aerial vehicle with the propellersin rotation
according to the present invention.

Fig. 2 isaplan view of an unmanned aeria vehicle with the propellers stopped
according to the present invention.

Fig. 3isaplan view of the unmanned aerial vehicle of Fig. 2 with the propellers
folded.

Fig. 4 isaplan view of amain bevel gear by which four propellers are driven.
Fig. 5 is an internal structural view of a mechanism that drives first and third
propellers.

Fig. 6isaninternal structural view of a mechanism that drives second and fourth
propellers.

Fig. 7 isadetailed view of section A in Fig. 5, showing afolding mechanism of a

blade.
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Description of the Embodiments
[0012] Hereinafter, an unmanned aerial vehicle according to the present

invention will be described in detail with reference to the accompanying drawings.

Embodiments

[0013] Fig. 1 is a plan view of an unmanned aeria vehicle 100 with the
propellers in rotation according to the present invention. The unmanned aeria
vehicle 100 is equipped with four propellers 6 so as to surround an airframe 5.
The four propellers 6 are referred to clockwise as a first propeller 1, a second
propeller 2, athird propeller 3, and afourth propeller 4. The airframe5isprovided
with afirst propeller shaft 21, a second propeller shaft 22, a third propeller shaft
23, and a fourth propeller shaft 24, all arranged horizontally in a diagonal
direction. The propellers 6 are mounted on vertical shafts provided at the ends of
each propeller shaft so that they rotate horizontally. The rotationa ranges of the
propellers 6 are arranged to overlap with each other. The rotationa range of the
first propeller 1 overlaps with that of the fourth propeller 4 on the left and the
second propeller 2 in the front. The rotational range of the second propeller 2
overlaps with that of the first propeller 1 in the rear and the third propeller 3 on
the left. The rotational range of the third propeller 3 overlaps with that of the
second propeller 2 on theright and the fourth propeller 4 intherear. Therotational
range of the fourth propeller 4 overlaps with that of the third propeller 3 in the
front and the first propeller 1 on theright. All four propellers 6 are arranged at the

same height.
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[0014] Fig. 2isaplan view of an unmanned aeria vehiclewith the propellers
stopped according to the present invention. Each propeller 6 consists of two
blades, each referred to as blade 6a. When the propellers stop, the first propeller
1 and the third propeller 3 stop facing right and left, while the second propeller 2
and the fourth propeller 4 stop facing forward and backward. In this embodiment,
the propellers 6 are rotated by a drive shaft 12 (described later) provided behind
a clutch on an engine's crankshaft. Although the stopping position of the
propellersis not always consistent when they stop, they can be manually rotated
to a predetermined position after stopping. After the propellers stop, the drive
shaft 12 can also be rotated to a predetermined position by a drive motor, not
limited to manual adjustment. The propellers 6 are mounted at a 90° offset
mounting angle from each other to prevent them from colliding.

[0015] Referring to Fig. 2, the propellers 6 are mounted so that the first
propeller 1 and thethird propeller 3 face right and left, while the second propeller
2 and the fourth propeller 4 face forward and backward. In this embodiment, the
first propeller 1 and the third propeller 3 rotate clockwise, while the second
propeller 2 and the fourth propeller 4 rotate counterclockwise. The rotation of the
first propeller 1 to the fourth propeller 4 aternates between clockwise and
counterclockwise: right, left, right, left. This alows the blades 6a to avoid
colliding with each other in the areas where the propellers 6 overlap. Referring to
Figure 1, when the blade 6a of the first propeller 1, which is facing left in the
overlapping area, rotates to the right and points backward, the blade 6a of the
fourth propeller 4, which isfacing forward, enters the overlapping area. Therefore,

the blade 6a of the first propeller 1 and the blade 6a of the fourth propeller 4 do
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not collide.

[0016] Fig. 3isaplan view of the unmanned aerial vehicle of Fig. 2 with the
propellers folded. After the engine stops, as shown in Fig. 2, the blades 6a of the
propellers 6 protrude from the airframe 5 to the right and left and forward and
backward. By folding these blades inward, the overall dimensions of the
unmanned aerial vehicle can be reduced. In Fig. 3, the blade 6a of the first
propeller 1 and the blade 6a of the second propeller 2 are shown overlapping, and
since the blades 6a are mounted at an angle, they do not actually collide. The
folding of the propellers 6 is performed by a folding mechanism 13 (described
later) located at the base of each blade 6a.

[0017] Fig. 4 is a plan view of a main bevel gear 7 by which the four
propellers 6 are driven. In this embodiment, the engineisahorizontal engine with
the crankshaft oriented vertically. The drive shaft 12, which is connected to the
crankshaft via a clutch, is aso oriented vertically. The drive shaft 12 is equipped
with the main bevel gear 7. The main bevel gear 7 meshes with a first sub bevel
gear 8, asecond sub bevel gear 9, athird sub bevel gear 10, and afourth sub bevel
gear 11. Each sub bevel gear transmits the engine's rotation to a first propeller
shaft 21, a second propeller shaft 22, a third propeller shaft 23, and a fourth
propeller shaft 24, respectively. If the main bevel gear 7 rotates clockwisein atop
view, the first sub bevel gear 8, the second sub bevel gear 9, the third sub bevel
gear 10, and the fourth sub bevel gear 11 all rotate counterclockwise when viewed
from one end.

[0018] Fig. 5is an interna structural view of a mechanism that drives the

first and third propellers. Both the mechanism for the first propeller 1 and the
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mechanism for the third propeller 3 have the same structure. As shown in Fig. 5,
therotation of thefirst propeller shaft 21 is converted into reverse rotation by two
bevel gears 25 and 26, and transmitted to the vertical shaft 30. The rotation of the
vertical shaft 30 isthen transmitted to the blades 6a, 6a of the first propeller 1. As
shown in Fig. 4, thefirst sub bevel gear 8 at one end of the first propeller shaft 21
rotates counterclockwise, so the bevel gear 25 at the other end of thefirst propeller
shaft 21 in Fig. 5 rotates clockwise when viewed from the left side, and the bevel
gear 26 on the vertical shaft 30 rotates counterclockwise when viewed from below.
As aresult, the first propeller 1 rotates clockwise when viewed from above (in a
plan view).

[0019] Similarly, as shown in Fig. 5, the rotation of the third propeller shaft
23 is converted into reverse rotation by the two bevel gears 25 and 26, and
transmitted to the vertical shaft 30. The rotation of the vertical shaft 30 is then
transmitted to the blades 6a, 6a of the third propeller 3. As shown in Fig. 4, the
third sub bevel gear 10 at one end of the third propeller shaft 23 rotates
counterclockwise, so the bevel gear 25 at the other end of the first propeller shaft
23in Fig. 5 rotates clockwise when viewed from the left side, and the bevel gear
26 on the vertical shaft 30 rotates counterclockwise when viewed from below. As
aresult, thethird propeller 3 rotates clockwise when viewed from above (in aplan
view).

[0020] Fig. 6 is an interna structura view of a mechanism that drives the
second and fourth propellers. Both the mechanism for the second propeller 2 and
the mechanism for the fourth propeller 4 have the same structure. The rotation of

the second propeller shaft 22 is converted into the same direction by two bevel
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gears 27 and 28, and transmitted to the vertical shaft 30. The rotation of the
vertical shaft 30 is then transmitted to the blades 6a, 6a of the second propeller 2.
Asshownin Fig. 4, the second sub bevel gear 9 at one end of the second propeller
shaft 22 rotates counterclockwise, so the bevel gear 27 at the other end of the
second propeller shaft 22 in Fig. 6 rotates clockwise, and the bevel gear 28 on the
vertical shaft 30 rotates clockwise when viewed from below. As a result, the
second propeller 2 rotates counterclockwise when viewed from above (in a plan
view).

[0021] Referring to Fig. 6, the rotation of the fourth propeller shaft 24 is
converted into the same direction by the two bevel gears 27 and 28, and
transmitted to the vertical shaft 30. The rotation of the vertical shaft 30 is then
transmitted to the blades 6a, 6a of the fourth propeller 4. As shown in Fig. 4, the
fourth sub bevel gear 11 at one end of the fourth propeller shaft 24 rotates
counterclockwise, so the bevel gear 27 at the other end of the fourth propeller
shaft 24 in Fig. 6 rotates clockwise, and the bevel gear 28 on the vertical shaft 30
rotates clockwise when viewed from below. As a result, the fourth propeller 4
rotates counterclockwise when viewed from above (in aplan view). As shown in
Figs. 5 and 6, the vertical shafts 30 are of the same length, and the first propeller
1, the second propeller 2, the third propeller 3, and the fourth propeller 4 are dll
at the same height relative to the ends of their respective shafts.

[0022] Fig. 7 is a detailed view of section A in Fig. 5, showing a folding
mechanism 13 of a blade 6a. As shown in Fig. 5, the folding mechanism 13 is
provided at the base of the blade 6a. The folding mechanism 13 includes a pin

13a, arubber damper 13b surrounding the pin 13a, a spring 13c, and a knob 13d.
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When the knob is manually pulled, the engagement between the pin 13a and the
blade 6ais released, alowing the blade 6a to rotate around a rotational shaft 14.
This alows the blade 6a to be rotated horizontally by 90 degrees. Providing the
rubber damper 13b can mitigate the load applied to the pin 13awhen the propel ler

starts rotating.

Industrial Applicability

[0023] The present invention is suitable for unmanned aeria vehicles
because the propellers are configured to be foldable, have overlapping rotational
ranges with adjacent propellers, and rotate in opposite directions. These features

achieve uniform lift and reduce the overall dimensions of the aircraft.

Description of Reference Signs
[0024]

1. First propeler

2. Second propeller

3. Third propeller

4. Fourth propeller

5. Airframe
6. Propeller
6a Blade

7. Main bevel gear
8. First sub bevel gear

9. Second sub bevel gear
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11.

12.

13.

13a

13b.

13c.

13d.

14.

15.

21.

22.

23.

24,

Third sub bevel gear
Fourth sub bevel gear
Drive shaft
Folding mechanism
Pin
Rubber damper
Spring
Knob
Rotational shaft
Propeller holder
First propeller shaft
Second propeller shaft
Third propeller shaft

Fourth propeller shaft

25,26. Beve gear

27,28. Beve gear

30.

100. Unmanned agrial vehicle

Vertical shaft

11
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Claims

1 An unmanned ageria vehicle comprising: four propeller shafts arranged
horizontally in a diagona direction to extend from an airframe; four propellers,
each comprising two blades with a folding mechanism; and gears that transmit
the rotation of an engine to the propellers;

wherein the four propellers are all positioned at the same height relative
to each end of the respective propeller shafts, wherein the adjacent propellers have
overlapping rotational ranges, wherein the propellers are mounted at a 90° offset
mounting angle from each adjacent propeller, and wherein the adjacent propellers

rotate in opposite directions.

2. The unmanned aerial vehicle according claim 1, wherein the folding
mechanism comprises aknob, aspring, a pin, and arubber damper that surrounds
the pin, wherein pulling the knob to rel ease the engagement between the pin and

the blade allows the blade to rotate around a rotational shaft.



