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COMPACT UNMANNED ROTARY AIRCRAFT

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims priority to Canadian Patent
Application No. 2815885 filed May 15, 2013, the entire con-
tent of which is hereby incorporated by reference.

[0002] This disclosure relates to the field of unmanned
rotary aircraft or helicopters and more particularly rotary
aircraft with a compact storage configuration.

BACKGROUND

[0003] Unmanned remote control rotary aircraft have
recently become popular for recreation and also in larger and
more sophisticated versions for surveillance by military and
police personnel. One popular configuration includes a num-
ber of arms extending laterally from the aircraft body, with a
rotor assembly on the end of each arm. The rotor assemblies
sometimes have upper and lower rotors that rotate in opposite
directions to avoid exerting torque on the body which would
cause it to spin.

[0004] Where the rotor assemblies have a single rotor,
torque on the body from the rotational motion of the rotors is
avoided by having the rotors rotate in opposite directions. The
vertical lift is the same, but the torque imparted by rotation in
one direction is cancelled out by the rotation in the opposite
direction. Where an even number of arms and rotor assem-
blies is used, the rotational forces cancel each other and the
body is substantially stable.

[0005] Where an uneven number of arms and rotor assem-
blies is used, such as in the popular three rotor configuration,
two rotors spin in one direction and the third spins in the
opposite direction. The rotational axis of the third rotor is then
tilted slightly away from vertical so it exerts a horizontal force
component that counteracts the torque force exerted by the
other rotors, again resulting in a stable body. The degree of tilt
can be adjusted by rotating the arm to adjust for varying rotor
speeds.

[0006] Such multi-rotor unmanned remote control rotary
aircraft are disclosed for example in U.S. Pat. Nos. 8,052,081
and 8,292,215 to the present inventors Olm et al. To make the
aircraft more compact for storage and transport the rotors can
be removed and the arms folded into a side by side orienta-
tion. Although not shown in the patents, a leg assembly is
typically attached to the bottom of the aircraft body, and to
support the aircraft on the ground in the necessary orientation
for landing and takeoff.

SUMMARY OF THE INVENTION

[0007] The present disclosure provides a rotary aircraft
apparatus that overcomes problems in the prior art.

[0008] In a first embodiment the present disclosure pro-
vides a rotary wing aircraft apparatus comprising a body, a
plurality of arms extending laterally from the body, and a
rotor assembly attached to an outside end of each arm. Each
rotor assembly comprises a rotor blade releasably attached to
a driveshaft by a lock mechanism, and a drive rotating the
driveshaft. A first driveshaft rotates in a clockwise direction
and a second driveshaft rotates in a counterclockwise direc-
tion. A clockwise rotor blade is releasably attached to the first
driveshaft by engagement in a clockwise lock mechanism and
generates a vertical lift force when rotated in the clockwise
direction, and a counterclockwise rotor blade is releasably
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attached to the second driveshaft by engagement in a coun-
terclockwise lock mechanism and generates a vertical lift
force when rotated in the counterclockwise direction. The
clockwise rotor blade is engageable only with the clockwise
lock mechanism and cannot be engaged in the counterclock-
wise lock mechanism, and the counterclockwise rotor blade is
engageable only with the counterclockwise lock mechanism
and cannot be engaged in the clockwise lock mechanism.
[0009] Inasecond embodiment the present disclosure pro-
vides a rotary wing aircraft apparatus comprising a body, a
plurality of arms extending laterally from the body, and a
rotor assembly attached to an outside end of each arm, each
rotor assembly comprising a rotor blade and a drive operative
to rotate the rotor blade. Each rotor assembly comprises a leg
extending downward from a bottom portion of the rotor
assembly to support the apparatus on a ground surface.
[0010] The rotor blades can be easily detached for transport
of storage, and cannot be placed on driveshafts rotating the
wrong direction. Legs extending down from the rotor assem-
blies increase stability allowing landing upright and opera-
tional on steep slopes. The legs can also be conveniently
folded for storage.

DESCRIPTION OF THE DRAWINGS

[0011] While the invention is claimed in the concluding
portions hereof, preferred embodiments are provided in the
accompanying detailed description which may be best under-
stood in conjunction with the accompanying diagrams where
like parts in each of the several diagrams are labeled with like
numbers, and where:

[0012] FIG. 1 is a schematic perspective view of an
embodiment of a rotary wing aircraft apparatus of the present
disclosure with arms and legs in the operating position, and
rotor blades installed

[0013] FIG. 2 is a schematic perspective view of the
embodiment of FIG. 1 with legs in the stored position, and
rotor blades removed;

[0014] FIG. 3 is a schematic perspective view of the
embodiment of FIG. 1 with legs in the stored position, rotor
blades removed, and the arms folded;

[0015] FIG. 4 is a schematic perspective view of clockwise
lock mechanism used to attach clockwise rotor blades in the
embodiment of FIG. 1 with the rotor blade in the recess ready
for engagement or removal;

[0016] FIG. 5 is a schematic perspective view of clockwise
lock mechanism of FIG. 4 with the rotor blade engaged and
locked in the lock mechanism;

[0017] FIG. 6 is a top view of the shaft lock portion of a
counterclockwise lock mechanism with a counterclockwise
rotor blade on one side and a clockwise rotor blade on the
other side;

[0018] FIG. 7 shows the counterclockwise rotor blade
installed in the shaft lock portion of the counterclockwise
lock mechanism of FIG. 6;

[0019] FIG. 8 shows the clockwise rotor blade blocked
from engagement and installation in the shaft lock portion of
the counterclockwise lock mechanism of FIG. 6;

[0020] FIG. 9 is a top view of the shaft lock portion of a
clockwise lock mechanism with a clockwise rotor blade in the
recess ready for engagement or removal;

[0021] FIG. 10 shows the clockwise rotor blade of FIG. 9
installed in the shaft lock portion of the clockwise lock
mechanism;
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[0022] FIGS. 11 and 12 show respectively perspective and
side views of a leg of the embodiment of FIG. 1 in the
operating position;

[0023] FIGS. 13 and 14 show respectively perspective and
side views of the leg of FIGS. 11 and 12 in the stored position;
[0024] FIG. 15 is a schematic cut away side view of a leg
latch mechanism for operating the legs of the embodiment of
FIG. 1, with the leg in the stored position;

[0025] FIG. 16 is a schematic cut away side view of the leg
latch mechanism of FIG. 15 with the leg in the operating
position but not yet engaged in the recess and thus not latched;
[0026] FIG. 17 is a schematic cut away side view of the leg
latch mechanism of FIG. 15 with the leg in the operating
position and latched.

DETAILED DESCRIPTION OF THE
ILLUSTRATED EMBODIMENTS

[0027] FIGS. 1-3 schematically illustrate an embodiment
of a rotary wing aircraft apparatus 1 of the present disclosure.
The apparatus 1 comprises a body 3, and a plurality of arms 5
extending laterally from the body 3. A rotor assembly 7 is
attached to an outside end of each arm 5. Each rotor assembly
7 comprises a rotor blade 9 releasably attached to a driveshaft
by a lock mechanism 11, and a drive, typically an electric
motor, rotating the driveshaft.

[0028] FIG. 2 shows the apparatus 1 with rotor blades
removed and support legs in the stored position as described
further below. In the illustrated apparatus 1 the arms 5 are
movably attached to the body 3 such that the arms 5 can be
moved from a flying position illustrated in FIG. 1, where the
arms extend forward and rearward laterally outward from the
body 3 such that the arms 5 are substantially equally spaced,
to a folded stored position illustrated in FIG. 3 where the arms
are generally aligned with and adjacent to each other.

[0029] The illustrated apparatus 1 has four arms 5 and
corresponding rotor assemblies 7, and as is known in the art,
two of the rotor blades 9A, 9B rotate in a clockwise direction
and generate a vertical lift force when rotated in the clockwise
direction, while the other two rotor blades 9C, 9D rotate in a
counterclockwise direction and generate a vertical lift force
when rotated in the clockwise direction.

[0030] The operation of the lock mechanisms 11 is illus-
trated in FIGS. 4-10. Each clockwise rotor blade 9A, 9B is
releasably attached to the corresponding driveshaft 13 by
engagement in a clockwise lock mechanism 11AB and each
counterclockwise rotor blade 9C, 9D is releasably attached to
the corresponding driveshaft 13 by engagement in a counter-
clockwise lock mechanism 11CD.

[0031] It will be appreciated that in order for the apparatus
1 to operate properly, the rotor blades 9 must be mounted to
driveshafts that are rotating in the correct direction. To ensure
that the correct positioning, the clockwise rotor blades 9A, 9B
are engageable only with the clockwise lock mechanisms
11AB and cannot be engaged in the counterclockwise lock
mechanisms 11CD, and similarly the counterclockwise rotor
blades 9C, 9D are engageable only with the counterclockwise
lock mechanisms 11CD and cannot be engaged in the clock-
wise lock mechanisms 11AB.

[0032] Each clockwise lock mechanism 11AB comprises a
shaft lock portion 15A attached to the corresponding clock-
wise rotating driveshaft and a blade lock portion 17A attached
to the clockwise rotor blade 9A, 9B. Similarly each counter-
clockwise lock mechanism 11CD comprises a shaft lock por-
tion 15C attached to the corresponding counterclockwise
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rotating driveshaft and a blade lock portion 17C attached to
the counterclockwise rotor blade 9C, 9D.

[0033] FIGS. 4 and 5 show the operation of the lock mecha-
nisms 11. A clockwise lock mechanism 11A is illustrated
with the shaft lock portion 15A attached to a clockwise rotat-
ing driveshaft 13. Arrows on the shaft lock portion 15A indi-
cate the rotational direction, and the shaft lock portion defines
arecess 21 in the middle between the arrows. The blade lock
portion 17A of the lock mechanism 11A on the clockwise
rotor blade 9A is dropped into the recess 21 as seen in FIG. 4
and the rotor blade 9A is then rotated in direction R opposite
to the direction of the arrows such that the blade 9 A slides into
slots 23 on each side of the shaft lock portion 15A under the
arrows, and lugs 25A on the blade lock portion 17A engage
notches 27A defined by the shaft lock portion as seen in FIG.
5.

[0034] The blade lock portion 17A of the clockwise lock
mechanisms 11A are rotated counterclockwise with respect
to the shaft lock portion 15 A thereof'to push the blade into the
slots 23 to releasably attach the clockwise rotor blade 9A to
the shaft lock portion 15A and thus to the driveshaft 13.
During operation the shaft lock portion 15A exerts a force in
the direction of the arrows on the rotor blade to rotate same,
and this force keeps the blade engaged in the slots 23. The
counterclockwise lock mechanism 11C operates in a similar
fashion with an opposite spin direction.

[0035] FIG. 6 shows the shaft lock portion 15C, with recess
21, of a counterclockwise lock mechanism with a counter-
clockwise rotor blade 9C, with blade lock portion 17C, on one
side and a clockwise rotor blade 9A, with blade lock portion
17A, on the other side. FIG. 7 shows the blade lock portion
17C of the counterclockwise rotor blade 9C successfully
installed in the shaft lock portion 15C to form a counterclock-
wise lock mechanism 11CD.

[0036] FIG. 8 shows that the blade lock portion 17A of the
clockwise rotor blade 9A is prevented from rotating in direc-
tion R as required by contact of the lugs 17A with the oppo-
sitely configured notches 27C of the shaft lock portion 15C.
Thus the clockwise rotor blades 9A, 9B cannot be installed on
the shaft lock portion 15C of a counterclockwise lock mecha-
nism, and similarly the counterclockwise rotor blades 9C, 9D
cannot be installed on the shaft lock portion 15A of a clock-
wise lock mechanism.

[0037] FIG. 9 shows the blade lock portion 17A of the
clockwise rotor blade 9A placed inthe recess 21 of a correctly
selected clockwise shaft lock portion 15A, and FIG. 10 shows
the blade lock portion 17A successfully installed in the shaft
lock portion 15A to form a clockwise lock mechanism 11AB.
[0038] Commonly in the prior art the rotary aircraft is sup-
ported on a leg structure attached under the body. Stability of
the aircraft on the ground is improved in present apparatus 1
where each rotor assembly 7 has a leg 31 pivotally attached to
a bottom portion of the rotor assembly 7, as illustrated in
FIGS.11-17. Each leg 31 is movable from a stored position as
illustrated in FIG. 2, where the leg 31 extends laterally from
the rotor assembly 7 along the arm 5 supporting the rotor
assembly, to an operating position as illustrated in FIG. 1,
where the leg extends downward from the rotor assembly 7.
[0039] Itcan be seenin Fig. that the bottom ends of the legs
31 in the operating position are much farther apart than would
be practical with a leg structure mounted to the body 3. The
apparatus can thus land on a considerable slope if necessary.
Beneficially the legs 31 are made from a strong yet light and
somewhat flexible material to cushion the apparatus 1 on
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landing. A carbon-fiber-reinforced polymer material could be
used for example. While stationary legs as shown in FIG. 1
provide increased stability, same are awkward for storage and
transport, and interfere with folding arms.
[0040] Inthe illustrated apparatus 1 each leg 31 is therefore
is pivotally attached to the bottom portion of the rotor assem-
bly 7 such that the leg is movable from a stored position,
where the leg 31 extends laterally from the rotor assembly 7
along the arm 5 supporting the rotor assembly 7, to an oper-
ating position where the leg 31 extends downward from the
rotor assembly 7.
[0041] FIGS. 11 and 12 show one of'the legs in the operat-
ing position, where the leg 31 slopes from the rotor assembly
7 downward and away from the body at the opposite inner end
of the arm 5. FIGS. 13 and 14 show the leg 31 in the stored
position, where a saddle 33 on the bottom end of the leg 31
engages the arm 5 to reduce the risk that the leg 31 may be
forced laterally and damaged during transport to a use site.
[0042] In the illustrated apparatus 1, as seen in FIGS.
15-17, each leg 31 is pivotally attached to the bottom of the
rotor assembly 7 about a pivot axis PA that is substantially
perpendicular to the arm 5. A bias element, illustrated as
spring 35, urges the leg 31 toward the stored position shown
in FIG. 1. To move to the operating position, the operator
pivots the leg 31 against the bias force BF to the operating
position shown in FIG. 16, where the upper end of the leg 31
is aligned with a recess 37 in the rotor assembly 7 and the bias
force BF draws the leg into the recess 37. The end of the leg
31 in the recess 37 acts then as a latch to lock the leg 31 in the
operating position.
[0043] The rotor blades of the illustrated apparatus 1 can be
easily detached for transport of storage, and cannot be placed
on driveshafts rotating the wrong direction. The legs extend-
ing down from the rotor assemblies significantly increase
stability allowing the apparatus 1 to land on a steep slope
without falling over and becoming inoperative. The legs can
also be conveniently folded for storage.
[0044] The foregoing is considered as illustrative only of
the principles of the invention. Further, since numerous
changes and modifications will readily occur to those skilled
in the art, it is not desired to limit the invention to the exact
construction and operation shown and described, and accord-
ingly, all such suitable changes or modifications in structure
or operation which may be resorted to are intended to fall
within the scope of the claimed invention.
What is claimed is:
1. A rotary wing aircraft apparatus comprising:
abody;
aplurality of arms extending laterally from the body, and a
rotor assembly attached to an outside end of each arm;
each rotor assembly comprising a rotor blade releasably
attached to a driveshaft by a lock mechanism, and a drive
rotating the driveshaft;
wherein a first driveshaft rotates in a clockwise direction
and a second driveshaft rotates in a counterclockwise
direction;
wherein a clockwise rotor blade is releasably attached to
the first driveshaft by engagement in a clockwise lock
mechanism and generates a vertical lift force when
rotated in the clockwise direction, and a counterclock-
wise rotor blade is releasably attached to the second
driveshaft by engagement in a counterclockwise lock
mechanism and generates a vertical lift force when
rotated in the counterclockwise direction; and
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wherein the clockwise rotor blade is engageable only with
the clockwise lock mechanism and cannot be engaged in
the counterclockwise lock mechanism, and the counter-
clockwise rotor blade is engageable only with the coun-
terclockwise lock mechanism and cannot be engaged in
the clockwise lock mechanism.

2. The apparatus of claim 1 wherein the clockwise lock
mechanism comprises a shaft lock portion attached to the first
driveshaft and a blade lock portion attached to the clockwise
rotor blade, the shaft lock portion defining notches configured
to engage corresponding lugs on the blade lock portion.

3. The apparatus of claim 2 wherein the counterclockwise
lock mechanism comprises a shaft lock portion attached to
the second driveshaft and a blade lock portion attached to the
counterclockwise rotor blade, the blade lock portion compris-
ing lugs with a configuration that is different than a configu-
ration of the lugs on the blade lock portion of the clockwise
lock mechanism.

4. The apparatus of claim 2 wherein the blade lock portion
of the clockwise lock mechanism is rotated counterclockwise
with respect to the shaft lock portion thereof to releasably
attach the clockwise rotor blade to the first driveshaft.

5. The apparatus of claim 4 wherein the blade lock portion
of the counterclockwise lock mechanism is rotated clockwise
with respect to the shaft lock portion thereof to releasably
attach the counterclockwise rotor blade to the second drive-
shaft.

6. The apparatus of claim 1 wherein each rotor assembly
comprises a leg extending downward from a bottom portion
of the rotor assembly to support the apparatus on a ground
surface.

7. The apparatus of claim 6 wherein the leg slopes down-
ward and away from the body.

8. The apparatus of claim 6 wherein each leg is pivotally
attached to the bottom portion of the rotor assembly such that
the leg is movable from a stored position, where the leg
extends laterally from the rotor assembly along the arm sup-
porting the rotor assembly, to an operating position where the
leg extends downward from the rotor assembly.

9. The apparatus of claim 8 comprising a bias element
urging the leg toward the stored position, and a latch operative
to lock the leg in the operating position.

10. The apparatus of claim 8 wherein the leg slopes down-
ward and away from the body when in the operating position.

11. The apparatus of claim 8 wherein a bottom end of the
leg engages the arm when in the stored position.

12. The apparatus of claim 1 wherein the arms are movably
attached to the body such that the arms can be moved from a
flying position, where the arms extend forward and rearward
laterally outward from the body such that the arms are sub-
stantially equally spaced, to a folded stored position where at
least one arm is substantially aligned with and adjacent to
another arm.

13. A rotary wing aircraft apparatus comprising:

a body;

a plurality of arms extending laterally from the body, and a

rotor assembly attached to an outside end of each arm;
each rotor assembly comprising a rotor blade and a drive
operative to rotate the rotor blade; and

each rotor assembly comprising a leg extending downward

from a bottom portion of the rotor assembly to support
the apparatus on a ground surface.

14. The apparatus of claim 13 wherein the leg slopes down-
ward and away from the body.
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15. The apparatus of claim 13 wherein each leg is pivotally
attached to the bottom portion of the rotor assembly such that
the leg is movable from a stored position, where the leg
extends laterally from the rotor assembly along the arm sup-
porting the rotor assembly, to an operating position where the
leg extends downward from the rotor assembly.

16. The apparatus of claim 15 comprising a bias element
urging the leg toward the stored position, and a latch operative
to lock the leg in the operating position.

17. The apparatus of claim 15 wherein the leg slopes down-
ward and away from the body when in the operating position.

18. The apparatus of claim 15 wherein a bottom end of the
leg engages the arm when in the stored position.

19. The apparatus of claim 15 wherein the rotor blades are
releasably attached to the rotor assemblies.

20. The apparatus of claim 19 wherein the arms are mov-
ably attached to the body such that the arms can be moved
from a flying position, where the arms extend forward and
rearward laterally outward from the body such that the arms
are substantially equally spaced, to a folded stored position
where at least one arm is substantially aligned with and adja-
cent to another arm.
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