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1
MAGNETIC PROPELLER SAFETY DEVICE

BACKGROUND

An unmanned vehicle, which may also be referred to as
an autonomous vehicle, is a vehicle capable of travel without
a physically-present human operator. An unmanned vehicle
may operate in a remote-control mode, in an autonomous
mode, or in a partially autonomous mode.

2

by way of a magnetic holding force between the magnetic
elements. During a propeller object strike, when the propel-
ler displaces 5 to 10°, the magnetic elements passively
disengage the propeller from the shaft mount due to mis-
alignment of the magnetic elements. Passive disengagement
allows the propeller to rotate independently of the motor
shaft. During the propeller object strike, the propeller
remains attached to the shaft mount. Once the propeller
object strike finishes, when the magnetic elements are

When an unma{med Veh}c]e operates 1n a ¥emote-control 10 realigned, the attached propeller re-engages the shaft mount
mode, a pilot or dnYer tha.t is at a remote location can control and rotates with the motor shaft. Passive disengagement of
the unmanned vehicle via commands that are sent to the . .

. . . . the propeller from the shaft mount reduces object strike

unmanned vehicle via a wireless link. When the unmanned . .

. . damage to the object, propeller, and UAV. Also, UAV flight
vehicle operates in autonomous mode, the unmanned . . .

. . . may continue after a propeller object strike because the
vehicle typically moves based on pre-programmed naviga- 15 .
tion waypoints, dynamic automation systems, or a combi- propeller remains attacheq to the‘ shaft mou~nt‘
nation of these. Further, some unmanned vehicles can oper- In a first aspect, an aeqal vehicle including at least one
ate in both a remote-control mode and an autonomous mode, propeller; a shaft mount inserted through a center of the
and in some instances may do so simultaneously. For propeller, the shaft mount configured to physically couple
instance, a remote pilot or driver may wish to leave navi- 20 and rotate with a motor shaft of an aerial vehicle, the shaft
gation to an autonomous system while manually performing ~ mount configured to engage the propeller to rotate with the
another task, such as operating a mechanical system for =~ motor shaft, the shaft mount configured to remain inserted
picking up objects, as an example. through the center of the propeller; a first magnetic element

When an unmanned aerial vehicle (UAV) propelled by incorporated with the propeller; and a second magnetic
spinning rotors is operating in the vicinity of other objects, 25 element incorporated with the shaft mount, wherein the
there is a risk of damage to the UAV and/or other objects. second magnetic element is configured to attract the first
This, UAVs may be designed so as to reduce the risk of a magnetic element to engage the propeller to the shaft mount.
UAV’s propeller contacting objects during operation. In a second aspect, a propeller system including a pro-

Some existing UAVs include features such as shrouds, peller; a shaft mount inserted through a center of the
ducts, and cages, which aim to shield propellers and thus 30 propeller, the shaft mount configured to physically couple
make the UAV? safer. However, cages, shropdg and ducts and rotate with a motor shaft of an aerial vehicle, the shaft
can have undesirable al_erodyng{n 1¢ chara.c teristics. Eurther, mount configured to engage the propeller to rotate with the
these features can require additional fabrication, which can .

. . . . motor shaft, the shaft mount configured to remain inserted
increase the time and cost of manufacturing a UAV. Addi- ) .

. . through the center of the propeller; a first magnetic element
tionally, the added weight of a cage, shroud, and/or duct 35 . . - .
requires additional flight power and reduces flight time. 1ncorp0ra.ted with the propeller, and a second magn etic

Another existing safety feature is a “prop saver.” A prop element 1ncorp9rated Wlth. the shaft mount, wherein the
saver typically includes a small rubber O-ring attached to the second .magnetlc element is configured to attract the first
propelier. The prop saver allows displacement of the pro- magnetic element to engage the propgller to.the shaft mount.
peller by 10-20° during an object strike before ejecting the 40 In a third aspect, an aerial vehicle including a plurality of
propeller. The prop saver dampens the forces imparted on ~ propeller systems including a first propeller system and a
the propeller and object when contact occurs. After the second propeller system, wherein each propeller system
propeller has displaced 10-20°, the propeller is ejected from includes a propeller; a shaft mount inserted through a center
the UAV, and UAV flight is discontinued. While the damp- of the propeller, the shaft mount configured to physically
ened object strike force resulting from the prop saver 45 couple and rotate with a motor shaft of an aerial vehicle, the
reduces damage to contact between the object and propeller, shaft mount configured to engage the propeller to rotate with
a prop saver may terminate UAV flight. the motor shaft, the shaft mount configured to remain

inserted through the center of the propeller; a first magnetic
SUMMARY element incorporated with the propeller; and a second mag-
50 netic element incorporated with the shaft mount, wherein the

Ideally, a solution for a propeller safety device would second magnetic element is configured to attract the first
improve upon the drawbacks of current propeller safety  magnetic element to engage the propeller to the shaft mount
devices. Specifically, a propeller safety device that can, in when the first magnetic element and the second magnetic
the event of contacting an object, reduce damage to the element are aligned, wherein the propeller disengages the
object, propeller, and UAV, while permitting UAV flight to 55 shaft mount when the first magnetic element and second
continue would be an improvement over existing propeller magnetjc element are misa]igned; one or more processors;
safety devices. A magnetic propeller safety device may and a memory storing executable instructions.
improve upon the drawbacks of current propeller safety These, as well as other aspects, alternatives, and advan-
devices. Furthermore, a magnetic propeller device according tages, will become apparent to those of ordinary skill in the
to example embodiments may allow for flight to continue, 60 art by reading the following detailed description, with ref-
even after the propeller contacts an object. erence where appropriate to the accompanying drawings.

The magnetic propeller safety device includes a propeller
and a shaft mount that engage with a motor shaft of a motor BRIEF DESCRIPTION OF THE DRAWINGS
for a UAV. The propeller is attached to the shaft mount,
which is coupled to the motor shaft. The propeller and shaft 65  FIGS. 1, 2, 3A, and 3B are simplified illustrations of

mount each have a magnetic element. When both magnetic
elements are aligned, the propeller engages the shaft mount

unmanned aerial vehicles, according to example embodi-
ments.
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FIG. 3C is a simplified block diagram illustrating com-
ponents of an unmanned aerial vehicle, according to an
example embodiment.

FIGS. 4A and 4B are simplified illustrations of the mag-
netic propeller safety device, according to an example
embodiment.

FIG. 5 is a simplified illustration of a propeller for the
magnetic propeller safety device, according to an example
embodiment.

4

Further, an example magnetic propeller safety device may
allow the UAV to continue flight during and after a propeller
object strike. Yet further, the magnetic propeller safety
device may reduce the force required to install the propeller.
Additionally or alternatively, the magnetic propeller safety
device may make it harder to remove the propeller by
increasing the retention force on the propeller.

In an example embodiment, magnets may serve as a
passive clutch between the propeller and the motor shaft,

FIGS. 6A and 6B are simplified illustrations of a shaft 10 which disengages the propeller in the event of a propeller
mount motor assembly for the magnetic propeller safety strike. Specifically, when a propeller strikes an object and
device, according to an example embodiment. displaces 5-10°, the magnets are arranged to passively

FIG. 7 is a simplified illustration of a shaft mount for the disengage the propeller from the motor shaft. When disen-
magnetic propeller safety device, according to an example gaged, a propeller can rotate independently of the motor
embodiment. 15 shaft. Because the disengaged propeller can rotate indepen-

FIG. 8 is a simplified illustration of a propeller shaft dently from the shaft upon disengaging, the cumulative
mount assembly for the magnetic propeller safety device, object strike forces imparted on the propeller, object, and
according to an example embodiment. shaft may be reduced, which in turn may reduce damage to

FIGS. 9A and 9B are simplified illustrations of a shaft the propeller, object, and UAV.
mount for the magnetic propeller safety device, according to 20 Such a configuration with magnetically couplings
another example embodiment. between propellers and motor shafts also may permit UAV

FIG. 10 is a simplified illustration of the shaft mount for ~ flight to continue after an object strike. In particular, during
the magnetic propeller safety device, according to yet an object strike, a propeller may continue spinning, albeit
another example embodiment. independently from the motor shaft. Alternatively, if the

25 struck object prevents the propeller form rotating, then the
DETAILED DESCRIPTION propeller may stop rotating while the shaft mount and motor
shaft continue to rotate. However, once the object strike

In the following detailed description, reference is made to ends, the magnets reengage the propeller to the motor shaft
the accompanying figures, which form a part hereof. It such that the propeller resumes rotating in conjunction with
should be understood, however, that the arrangements 30 the motor shaft. Because the magnets reengage the propeller
described herein are set forth as examples only. As such, to the motor shaft, the magnets may allow UAV flight to
those skilled in the art will appreciate that other arrange- continue after the object strike. Specifically, for a UAV with
ments and elements (e.g., machines, interfaces, functions, one propeller, propeller reengagement with the motor shaft
orders of functions, etc.) can be used instead or in addition. may allow UAV flight to continue after the object strike.
Further, many of the elements described herein are func- 35  For a UAV with multiple propellers, if one of the propel-
tional entities that may be implemented as discrete or  lers disengages from its corresponding shaft mount due to a
distributed components or in conjunction with other com- propeller object strike, the remaining unaffected propellers
ponents, and in any suitable combination and location. may permit the UAV to continue flight during the object
Various functions described herein as being performed by strike. Alternatively, the UAV may require all propellers to
one or more entities may be carried out by hardware, 40 be engaged for UAV flight to continue. In this case, the
firmware or software logic. For instance, various functions reengagement of the disengaged propeller to its correspond-
described herein may be carried out by a processor execut- ing shaft mount after the propeller object strike may permit
ing instructions written in any suitable programming lan- the UAV to continue flight after the object strike.
guage and stored in memory. Additionally, the magnets may reduce the force required

In this description, the articles “a” or “an” are used to 45 to install the propeller and increase the force required to
introduce elements of the example embodiments. The intent remove the propeller. In particular, a normal magnetic
of using those articles is that there is one or more of the ~ holding force imparted between the propeller and a shaft
elements. The intent of using the conjunction “or” within a mount reduces the installation force for the propeller. Fur-
described list of at least two terms is to indicate any of the ~ thermore, the same normal magnetic holding force increases
listed terms or any combination of the listed terms. The use 50 the force required to remove the propeller. As a result, the
of ordinal numbers such as “first,” “second,” “third” and so magnets make it easier to install the propeller. The magnets
on is to distinguish respective elements rather than to denote ~ also increase the retention force imparted on the installed
a particular order of those elements. propeller. By taking advantage of the differences in normal

force versus tangential force for magnets, a magnetic pro-
1. OVERVIEW 55 peller safety device offers benefits that current propeller
safety devices fail to provide.

Ideally, a solution for a propeller safety device would A magnetic propeller safety device includes various com-
improve the drawbacks of current propeller safety devices. ponents. In one embodiment, the propeller assembly
Specifically, a propeller safety device that can, in the event includes a motor shaft, a shaft mount, a propeller, a first
of a propeller contacting an object, prevent or at least reduce 60 magnetic element, and a second magnetic element. The first
damage to the object, propeller, and UAV, while permitting magnetic element is incorporated into the propeller while the
UAV to move away from the object and continue its flight, second magnetic element is incorporated into the shaft
is desirable. mount. The shaft mount includes a mounting plate and a

A magnetic propeller safety device according to an press fit locking end. The magnetic element of the shaft
example embodiment may offer several advantages. For 65 mount is incorporated into the mounting plate. The motor

instance, a magnetic propeller safety device may improve
safety for nearby objects, the propeller, and the UAV.

shaft can be inserted into the shaft mount. The shaft mount
is then inserted through the center of the propeller. The

Autel Ex. 2004, p.17
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propeller has a round hole located at the center of the
propeller to accommodate the shaft mount.

The shaft mount affects propeller motion via the press fit
locking end, the mounting plate, and the magnetic element
for the shaft mount. The press fit locking end can be
compressed for insertion into the propeller hole. Once the
press fit locking end clears the hole of the propeller, the press
fit locking end expands and snaps into place to serve as a
locking mechanism that prevents the propeller from ejecting

6

For the shaft mount, magnets may be located in the
mounting plate at a position corresponding to the placement
of the propeller magnets. For example, for the two-blade
propeller, two magnets may be located in the mounting
plate, with each magnet position corresponding to the loca-
tion of a propeller magnet. This design promotes engage-
ment of the propeller to the shaft mount via the magnetic
elements of the propeller and the shaft mount.

The magnets of the mounting plate could be larger,
smaller, or the same size as the magnets of the propeller.

off of the shaft mount and shaft during UAV flight. While the 10 Also, the mounting plate could have more, fewer, or the
press fit locking end is located on one side of the propeller same number of magnets as the propeller, as long as the shaft
after insertion, the mounting plate of the shaft mount is on mount magnet locations correspond to the propeller magnet
the other side of the propeller. Thus, after insertion, the locations. For example, a shaft mount could have two
propeller is located between the mounting plate and the | magnets located in a position corresponding to a propeller

. location for one propeller magnet. Thus, the shaft mount
press fit locking end. The propeller can move between the .

. . would have twice as many magnets as the propeller.
mounting plate and the press fit locking end along the shaft The shaft mount material may be plastic, although a
mount. ) ) different material could be used. The shaft mount can be

When the propeller is engaged with the shaft mount, the made with off-the-shelf parts. The propeller and magnetic
mounting plate and magnetic elements affect the movement 20 elements may also be off-the-shelf parts. The magnets may
of the propeller. The magnetic element of the shaft mount is be permanent magnets, electromagnetic magnets, or any
flush mounted with the mounting plate surface that contacts other type of magnet that is suitable for the magnetic
the propeller. The magnetic elements of the propeller and propeller safety device.
shaft mount attract each other when the magnetic elements The magpetic elements of the Propeller. and the shaft
are aligned. Alignment of the magnetic elements causes the 25 Mount can be tuned or adapted to impart different normal
propeller to engage the shaft mount, and thus rotate in  torce and tangential force strengths. In one embodiment, a
conjunction with the motor shaft. When engaged, the pro- ratio of normal magnetic ‘force to tangentlal magnetic force
peller is in contact with the mounting plate of the shaft is 10:]1However, this ratio could be increased or decreased

. . depending on the needs of the UAV, propeller, shaft mount,
mount. When disengaged, the press fit locking end prevents hatt. and/or th i licati £ th oneti
the propeller from ejecting off the UAV. 5, mmotor shaft, and/or the specific application of the magnetic

. . . elements.

When ﬂ,le prope ller is passively disengaged from the shaft One unique way to adjust the ratio is by inserting a spacer
mount (spinning 1ndependeptly from the motor shaft and, the between the mounting plate and the propeller. Inserting a
shaft mount), the propeller is located roughly Ysth ofaninch g5 cer may reduce the amount of tangential force required to
from the mounting plate of the shaft mount. In some overcome the magnetic holding force to disengage the
embodiments, the propeller may be pushed away %" of an 35 propeller from the shaft mount. However, other methods of
inch due to a normal magnetic repelling force. In other tuning or adjusﬁng magnetic forces could also apply
embodiments, the propeller is pushed off the mounting plate Numerous variations and embodiments relying on the
by features, e.g., ramps or grooves. same principles of the magnetic propeller safety device

While the magnetic elements of the propeller and shaft could be used to achieve similar benefits. For example,
mount could contain any number of magnets, in one embodi- 40 features (e.g., ramps, grooves, or other features) may be
ment, each prope]]er blade contains one magnet. For a added to the shaft mount to speed up and/or control disen-
two-blade propeller, each magnet could be symmetrically gagement of the propeller from the shaft mount. The accel-
located on each propeller blade equidistant from the center ~ ¢€ration of the disengagement for ramp features would
of the hole of the propeller. Thus, magnet location is fiepend on the slope Of the ramp. As the ramp slope
symmetric relative to the center hole of the propeller. For a 45 1CTeases, the propeller disengages from the shaft mount at
propeller with 3 or more blades, 3 or more magnets would a faster rate. Other embodlment§ of the magnetic propeller
be needed. Further, each blade could contain more than one safety device may use ferrous, instead of magnets, for the

magnetic elements. Also, other embodiments of the mag-
magnet. ; . .

Asymmetric magnet locations on the propeller are pos- netic propeller safety device may incorporate hard stops to
LSy shet prop p limit propeller rotation when the propeller disengages from

sible. Howe?ver, the weight of the magnets must be radially 50 the shaft mount during a propeller object strike.
balanced with respect to the center of the propeller. Further- The magnetic propeller safety device may be a tuned and
more, the magnetic force must be equal for each blade of the  feversible safety solution. The magnetic propeller safety
propeller. .Thus, counter\_zvelghts. may be required for an device may reduce damage to the object, propeller, shaft
asymmetric magnet location design. mount, motor shaft, and UAV during an object strike.

One benefit of a symmetric magnet location design is that 55 Furthermore, the magnetic propeller safety device may
the magnets may reengage at multiple rotation points. For allow the UAV to continue flight despite an object strike.
example, for a two blade propeller with a symmetric magnet Also, the magnetic propeller safety device may make a
location design, the propeller magnets may reengage the propeller easier to attach and remove than the typical “prop
shaft mount when the propeller has rotated either 180° or 0°. saver.” Lastly, the magnetic propeller safety device may
For a three blade propeller with a symmetric magnet loca- 60 reduce the amount of force needed to install the propeller
tion design, the propeller magnets may reengage the shaft ~ and increase the retention force of the propeller within the
mount at propeller rotation points of 0°, 120°, and 240°. UAV.

However, for an asymmetric magnet location design, only
one location for realignment exists at a rotation of 0°. Thus, II. ILLUSTRATIVE UNMANNED VEHICLES
a symmetric design encourages the propeller to reengage the 65

shaft mount after an object strike, which improves UAV
flight.

Throughout this application, the terms “unmanned aerial
vehicle” and “UAV” refer to any autonomous or semi-

Autel Ex. 2004, p.18
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autonomous vehicle that is capable of performing some
functions without a physically-present human pilot.
Examples of flight-related functions may include, but are not
limited to, sensing its environment or operating in the air
without a need for input from an operator, among others.
A UAV may be autonomous or semi-autonomous. For
instance, some functions could be controlled by a remote
human operator, while other functions are carried out
autonomously. Further, a UAV may be configured to allow

8

particularly useful for small electric rotorcraft with low
inertia in the motors and/or rotor system, but is not limited
to such rotorcraft.

Multicopter 100 also includes a central enclosure 130
with a hinged 1id 135. The central enclosure may contain,
e.g., control electronics such as an inertial measurement unit
(IMU) and/or an electronic speed controller, batteries, other
sensors, and/or a payload, among other possibilities.

The illustrative multicopter 100 also includes landing gear

. . 10 140 to assist with controlled take-offs and landings. In other
a remote operator to take over functions that can otherwise . . .
be controlled autonomously by the UAV. Also. a given tvpe embpdlments, multlcopterg and other types of UAV's without
. anding gear are also possible.
of function may be controlled remotely at one level of In a furth : lticopter 100 includ " :
. na er aspect, multicopter includes rotor pro
abstract%on and performed autonomously at another level of tectors 150. Such rotor protectors 150 can serve multiple
al‘astractlon‘ For. ex?lmple, a ~re:mote operator could control purposes, such as protecting the rotors 110 from damage if
high level navigation decisions for a UAV, such as by the multicopter 100 strays too close to an object, protecting
specifying that the UAV should travel from one location to the multicopter 100 structure from damage, and protecting
another (e.g., from the city hall in Palo Alto to the city hall nearby objects from being damaged by the rotors 110. It
in San Francisco), while the UAV’s navigation system should be understood that in other embodiments, multicop-
autonomously controls more fine-grained navigation deci- 20 ters and other types of UAVs without rotor protectors are
sions, such as the specific route to take between the two also possible. Further, rotor protectors of different shapes,
locations, specific flight controls to achieve the route and sizes, and function are possible, without departing from the
avoid obstacles while navigating the route, and so on. Other scope of the invention.
examples are also possible. The magnetic propeller safety device 400 (described in

A UAV can be of various forms. For example, a UAV may 25 further detail in FIGS. 4A-10) can be incorporated into
take the form of a rotorcraft such as a helicopter or multi- multicopter .100- In panicplar, rotors 110 can be. replaced or
copter, a fixed-wing aircraft, a jet aircraft, a ducted fan upg.raded with the magnetic p.r(.)peller safety'dewce 400. The
aircraft, a lighter-than-air dirigible such as a blimp or  device 400 can provide additional protection against pro-
steerable balloon, a tail-sitter aircraft, a glider aircraft, peller object strlkes~ causing damage to the rotors . 110,
and/or an ornithopter, among other possibilities. Further, the 30 damage_to the mu]t]gopter 100, and dama_ge o objects.
terms  “drone”. “unmanned aerial vehicle svstem” Alternatively, the device 400 could be used in lieu of rotor

s Y : :
« - « . 2 fec v protectors 150 to protect the rotors 110, device 400, multi-
(“UAVS”), or “unmanned aerial system” (“UAS”) may also . .
copter 100, and objects from damage incurred from a
be used tq refe? to a UAY' . . propeller object strike.

FIG.1isa s1mp11.ﬁed 111ustratlop of a UAV, according to 55 = A multicopter 100 may control the direction and/or speed
an example embodiment. In pa'rtlcular, FIG. 1 shows an of its movement by controlling its pitch, roll, yaw, and/or
example of a rotorcraft 100 that is commonly referred to as gijtude. To do so, multicopter 100 may increase or decrease
a multicopter. Multicopter 100 may also be referred to as a the speeds at which the rotors 110 spin. For example, by
quadcopter, as it includes four rotors 110. It should be maintaining a constant speed of three rotors 110 and
understood that example embodiments may involve rotor- 40 decreasing the speed of a fourth rotor, the multicopter 100
craft with more or less rotors than multicopter 100. For can roll right, roll left, pitch forward, or pitch backward,
example, a helicopter typically has two rotors. Other depending upon which motor has its speed decreased. Spe-
examples with three or more rotors are possible as well. cifically, the multicopter may roll in the direction of the
Herein, the term “multicopter” refers to any rotorcraft hav- motor with the decreased speed. As another example,
ing more than two rotors, and the term “helicopter” refers to 45 increasing or decreasing the speed of all rotors 110 simul-
rotorcraft having two rotors. taneously can result in the multicopter 100 increasing or

Referring to multicopter 100 in greater detail, the four decreasing its altitude, respectively. As yet another example,
rotors 110 provide propulsion and maneuverability for the increasing or decreasing the speed of rotors 110 that are
multicopter 100. More specifically, each rotor 110 includes turning in the same direction can result in the multicopter
blades that are attached to a motor 120. Configured as such 50 100 performing a yaw-left or yaw-right movement. These
the rotors may allow the multicopter 100 to take off and land are but a few examples of the different types of movement
vertically, to maneuver in any direction, and/or to hover. that can be accomplished by independently or collectively
Furthermore, the pitch of the blades may be adjusted as a adjusting the RPM and/or the direction that rotors 110 are
group and/or differentially, and may allow a multicopter 100 spinning.
to perform three-dimensional aerial maneuvers such as an 55  FIG. 2 is a simplified illustration of a UAV, according to
upside-down hover, a continuous tail-down “tic-toc,” loops, an example embodiment. In particular, FIG. 2 shows an
loops with pirouettes, stall-turns with pirouette, knife-edge, example of a tail-sitter UAV 200. In the illustrated example,
immelmann, slapper, and traveling flips, among others. the tail-sitter UAV 200 has fixed wings 202 to provide lift
When the pitch of all blades is adjusted to perform such and allow the UAV to glide horizontally (e.g., along the
aerial maneuvering, this may be referred to as adjusting the 60 x-axis, in a position that is approximately perpendicular to
“collective pitch” of the multicopter 100. Blade-pitch adjust- the position shown in FIG. 2). However, the fixed wings 202
ment may be particularly useful for rotorcraft with substan- also allow the tail-sitter UAV 200 take off and land vertically
tial inertia in the rotors and/or drive train, but is not limited on its own.
to such rotorcraft. For example, at a launch site, tail-sitter UAV 200 may be

Additionally or alternatively, multicopter 100 may propel 65 positioned vertically (as shown) with fins 204 and/or wings

and maneuver itself by adjusting the rotation rate of the
motors, collectively or differentially. This technique may be

202 resting on the ground and stabilizing the UAV in the
vertical position. The tail-sitter UAV 200 may then take off

Autel Ex. 2004, p.19

DIJI v. Autel Autel Ex. 2019, p.19

IPR2019-00846



US 9,677,564 Bl

9

by operating propellers 206 to generate the upward thrust
(e.g., a thrust that is generally along the y-axis). Once at a
suitable altitude, the tail-sitter UAV 200 may use its flaps
208 to reorient itself in a horizontal position, such that the
fuselage 210 is closer to being aligned with the x-axis than
the y-axis. Positioned horizontally, the propellers 206 may
provide forward thrust so that the tail-sitter UAV 200 can fly
in a similar manner as a typical airplane.

The magnetic propeller safety device 400 may be incor-
porated into propellers 206. In particular, the device 400
may replace propellers 206, or propellers 206 may be
upgraded to include device 400. The device 400 can mitigate
the damage incurred by propellers 206, device 400, tail sitter
UAV 200, and objects during a propeller object strike.

Variations on the illustrated tail-sitter UAV 200 are pos-
sible. For instance, tail-sitters UAVs with more or less
propellers, or that utilize a ducted fan or multiple ducted
fans, are also possible. Further, different wing configurations
with more wings (e.g., an “x-wing” configuration with four
wings), with less wings, or even with no wings, are also
possible. More generally, it should be understood that other
types of tail-sitter UAVs and variations on the illustrated
tail-sitter UAV 200 are also possible.

As noted above, some embodiments may involve other
types of UAVs, in addition or in the alternative to multi-
copters. For instance, FIGS. 3A and 3B are simplified
illustrations of other types of UAVs, according to example
embodiments.

In particular, FIG. 3A shows an example of a fixed-wing
aircraft 300, which may also be referred to as an airplane, an
aeroplane, or simply a plane. A fixed-wing aircraft 300, as
the name implies, has stationary wings 302 that generate lift
based on the wing shape and the vehicle’s forward airspeed.
This wing configuration is different from a rotorcraft’s
configuration, which produces lift through rotating rotors
about a fixed mast, and an ornithopter’s configuration, which
produces lift by flapping wings.

FIG. 3A depicts some common structures used in a
fixed-wing aircraft 300. In particular, fixed-wing aircraft 300
includes a fuselage 304, two horizontal wings 302 with an
airfoil-shaped cross section to produce an aerodynamic
force, a vertical stabilizer 306 (or fin) to stabilize the plane’s
yaw (turn left or right), a horizontal stabilizer 308 (also
referred to as an elevator or tailplane) to stabilize pitch (tilt
up or down), landing gear 310, and a propulsion unit 312,
which can include a motor, shaft, propeller, and/or the
magnetic propeller device 400.

FIG. 3B shows an example of an aircraft 350 with a
propeller in a pusher configuration. The term “pusher” refers
to the fact that the propulsion unit 358 is mounted at the back
of the aircraft and “pushes” the vehicle forward, in contrast
to the propulsion unit being mounted at the front of the
aircraft. Similar to the description provided for FIG. 3A,
FIG. 3B depicts common structures used in the pusher plane:
a fuselage 352, two horizontal wings 354, vertical stabilizers
356, and a propulsion unit 358, which can include a motor,
shaft, propeller, and/or the magnetic propeller safety device
400. In both FIGS. 3A and 3B, the device 400 can mitigate
the damage incurred by propellers, device 400, objects, and
aircrafts 300 and 350 during a propeller object strike.

UAVs can be launched in various ways, using various
types of launch systems (which may also be referred to as
deployment systems). A very simple way to launch a UAV
is a hand launch. To perform a hand launch, a user holds a
portion of the aircraft, preferably away from the spinning
rotors, and throws the aircraft into the air while contempo-
raneously throttling the propulsion unit to generate lift.
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Rather than using a hand launch procedure in which the
person launching the vehicle may be exposed to risk from
the quickly spinning propellers, a stationary or mobile
launch station can be utilized. For instance, a launch system
can include supports, angled and inclined rails, and a back-
stop. The aircraft begins the launch system stationary on the
angled and inclined rails and launches by sufficiently
increasing the speed of the propeller to generate forward
airspeed along the incline of the launch system. By the end
of the angled and inclined rails, the aircraft can have
sufficient airspeed to generate lift. As another example, a
launch system may include a rail gun or cannon, either of
which may launch a UAV by thrusting the UAV into flight.
A launch system of this type may launch a UAV quickly
and/or may launch a UAV far towards the UAV’s destina-
tion. Other types of launch systems may also be utilized.

In some cases, there may be no separate launch system for
a UAV, as a UAV may be configured to launch itself. For
example, a “tail sitter” UAV typically has fixed wings to
provide lift and allow the UAV to glide, but also is config-
ured to take off and land vertically on its own. Other
examples of self-launching UAVs are also possible.

The UAVs discussed in FIGS. 1-3B are only examples of
UAVs in which the magnetic propeller safety device 400
could be used. The device 400 could be incorporated into
other UAVs, aircrafts, or vehicles. The device 400 may also
be used in different applications, other than those described
herein.

III. ILLUSTRATIVE COMPONENTS OF A UAV

FIG. 3C is a simplified block diagram illustrating com-
ponents of a UAV 360, according to an example embodi-
ment. UAV 360 may take the form of or be similar in form
to one of the UAVs 100, 200, 300, and 350 shown in FIGS.
1, 2, 3A, and 3B. However, a UAV 360 may also take other
forms.

UAV 360 may include various types of sensors, and may
include a computing system configured to provide the func-
tionality described herein. In FIG. 3C, the sensors of UAV
360 include an inertial measurement unit (IMU) 362, ultra-
sonic sensor(s) 364, GPS 366, imaging system(s) 368,
propeller sensor(s) 367, and motor feedback sensor(s) 369,
among other possible sensors and sensing systems.

In FIG. 3C, UAV 360 also includes one or more proces-
sors 370. A processor 370 may be a general-purpose pro-
cessor or a special purpose processor (e.g., digital signal
processors, application specific integrated circuits, etc.). The
one or more processors 370 can be configured to execute
computer-readable program instructions 374 that are stored
in the data storage 372 and are executable to provide the
functionality of a UAV described herein.

The data storage 372 may include or take the form of one
or more computer-readable storage media that can be read or
accessed by at least one processor 370. The one or more
computer-readable storage media can include volatile and/or
non-volatile storage components, such as optical, magnetic,
organic or other memory or disc storage, which can be
integrated in whole or in part with at least one of the one or
more processors 370. In some embodiments, the data storage
372 can be implemented using a single physical device (e.g.,
one optical, magnetic, organic or other memory or disc
storage unit), while in other embodiments, the data storage
372 can be implemented using two or more physical devices.

As noted, the data storage 372 can include computer-
readable program instructions 374 and perhaps additional
data, such as diagnostic data of the UAV 360. As such, the
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data storage 374 may include program instructions to per-
form or facilitate some or all of the UAV functionality
described herein. For instance, in FIG. 3C, program instruc-
tions 374 include a navigation module 375, one or more
service modules 376, propeller disengagement module 377,
and motor control module 378.

A. Sensors

In an illustrative embodiment, IMU 362 may include both
an accelerometer and a gyroscope, which may be used

12

location, as indicated, at least in part, by the GPS coordi-
nates provided by their mobile device. Other examples are
also possible.

UAV 360 may also include one or more propeller sensors
367. In one instance, the UAV 360 has at least one propeller
sensor for each propeller of the UAV. The propeller sensors
may provide data for determining whether the propeller has
passively disengaged from the motor shaft of the motor of
the UAV, possibly due to a propeller object strike. In one

together to determine the orientation of the UAV 360. In 10 embodimep L, the propeller sensor provifies a propeller
. . . speed, which may be measured in revolutions per minute.
particular, the accelerometer can measure the orientation of . .
. . - However, in other embodiments, the propeller sensor pro-
the vehicle with respect to earth, while the gyroscope . . .

. X vides more, less, and/or different data that is used to deter-
measures the rate‘ of rqtatlon around an axis. IMUs are mine whether the propeller is disengaged from the motor
commercwlly available in low-cost, low-power pa.ckages‘ 15 shaft of the motor of the UAV 360.

For instance, an IMU 362 may take the form of or include UAV 360 may also include one or more motor feedback
a miniaturized MicroElectroMechanical System (MEMS) or sensors 369. In one instance, the UAV 360 has at least one
a NanoElectroMechanical System (NEMS). Other types of motor feedback sensor for each motor of the UAV. The
IMUs may also be utilized. motor feedback sensor may provide data for determining

An IMU 362 may include other sensors, in addition to 20 whether the propeller is passively disengaged from the
accelerometers and gyroscopes, which may help to better motor shaft and the motor of the UAV, possibly due to a
determine position and/or help to increase autonomy of the propeller object strike. In one embodiment, the motor feed-
UAV 360. Two examples of such sensors are magnetometers back sensor provides a motor speed, which may have a unit
and pressure sensors. Other examples are also possible. of revolutions per minute. In one embodiment, the processor
(Note that a UAV could also include such additional sensors 25 370 receives the feedback from sensor 369 via a 0-10 VDC
as separate components from an IMU.) signal. However, other types of control signals are possible

While an accelerometer and gyroscope may be effectiveat ~ for providing data to the processor 370 from the motor
determining the orientation of the UAV 360, slight errors in feedback  sensor 369. In other embodlments,. the motor
measurement may compound over time and result in a more feed‘pack sensor proyldes more, less, and/or @ﬂ“@rent data
significant error. However, an example UAV 360 may be 30 that is used to determine whether the propeller is disengaged

o . from the motor shaft of the motor of the UAV 360.
able mitigate or reduce such errors by using a magnetometer . . .

N . UAV 360 may also include one or more imaging
to measure direction. One example of a magnetometer is a . <

. . : system(s) 368. For example, one or more still and/or video
low-power, digital 3-axis magnetometer, which can be used e .

. . R ; cameras may be utilized by a UAV 360 to capture image data
to realize an qnegtatlon 1n.dependent electronic compass for ;o g0 the UAV’s environment. As a specific example, charge-
accurate heading 1nf0r.n.1at10n. However, other types of mag- coupled device (CCD) cameras or complementary metal-
netometers may be ut11.1zed as well. oxide-semiconductor (CMOS) cameras can be used with

UAV 360 may also include a pressure sensor or barom- unmanned vehicles. Such imaging sensor(s) 368 have
eter, which can be used to determine the altitude of the UAV numerous possible applications, such as obstacle avoidance,
360. Alternatively, other sensors, such as sonic altimeters or 40 localization techniques, ground tracking for more accurate
radar altimeters, can be used to provide an indication of navigation (e.g., by applying optical flow techniques to
altitude, which may help to improve the accuracy of and/or images), video feedback, and/or image recognition and
prevent drift of an IMU. processing, among other possibilities.

In a further aspect, UAV 360 may include one or more In a further aspect, UAV 360 may use one or more
sensors that allow the UAV to sense objects in the environ- 45 imaging systems 368 to help in determining location. For
ment. For instance, in the illustrated embodiment, UAV 360 example, UAV 360 may capture imagery of its environment
includes ultrasonic sensor(s) 364. Ultrasonic sensor(s) 364 and compare it to what it expects to see in its environment
can determine the distance to an object by generating sound given current estimated position (e.g., its current GPS coor-
waves and determining the time interval between transmis- dinates), and refine its estimate of its position based on this
sion of the wave and receiving the corresponding echo offan 50 comparison.
object. A typical application of an ultrasonic sensor for In a further aspect, UAV 360 may include one or more
unmanned vehicles or IMUs is low-level altitude control and microphones. Such microphones may be configured to cap-
obstacle avoidance, which may be helpful for reducing UAV ture sound from the UAV’s environment.
propeller object strikes. An ultrasonic sensor can also be B. Navigation and Location Determination
used for vehicles that need to hover at a certain height or 55  The navigation module 375 may provide functionality
need to be capable of detecting obstacles. Other systems can that allows the UAV 360 to, e.g., move about in its envi-
be used to determine, sense the presence of, and/or deter- ronment and reach a desired location. To do so, the naviga-
mine the distance to nearby objects, such as a light detection tion module 375 may control the altitude and/or direction of
and ranging (LIDAR) system, laser detection and ranging flight by controlling the mechanical features of the UAV that
(LADAR) system, and/or an infrared or forward-looking 60 affect flight (e.g., rotors 110 of UAV 100).
infrared (FLIR) system, among other possibilities. In order to navigate the UAV 360 to a target location, a

UAV 360 also includes a GPS receiver 366. The GPS navigation module 375 may implement various navigation
receiver 366 may be configured to provide data that is techniques, such as map-based navigation and localization-
typical of well-known GPS systems, such as the GPS based navigation, for instance. With map-based navigation,
coordinates of the UAV 360. Such GPS data may be utilized 65 the UAV 360 may be provided with a map of its environ-

by the UAV 360 for various functions. As such, the UAV
may use its GPS receiver 366 to help navigate to the caller’s

ment, which may then be used to navigate to a particular
location on the map. With localization-based navigation, the
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UAV 360 may be capable of navigating in an unknown
environment using localization. Localization-based naviga-
tion may involve a UAV 360 building its own map of its
environment and calculating its position within the map
and/or the position of objects in the environment. For
example, as a UAV 360 moves throughout its environment,
the UAV 360 may continuously use localization to update its
map of the environment. This continuous mapping process
may be referred to as simultaneous localization and mapping

14

include software, firmware, and/or hardware that may help
to provide or assist in the provision of the UAV-related
services.

Configured as such, a UAV 360 may provide various
types of service. For instance, a UAV 360 may have stored
information that can be provided to a person or persons at
the target location, in order to assist the person or persons in
various ways. For example, a UAV may include a video or
audio file with instructions for performing some task, which

(SLAM). Other navigation techniques may also be utilized. 10 the UAV can play out to a person at the target location.

In some embodiments, the navigation module 375 may In some embodiments, a UAV 360 may facilitate com-
navigate using a technique that relies on waypoints. In munication between a layperson and/or medical personnel at
particular, waypoints are sets of coordinates that identify the scene and medical personnel at a remote location. As an
points in physical space. For instance, an air-navigation example, a service module 376 may provide a user interface
waypoint may be defined by a certain latitude, longitude, 15 via which a person at the scene can use a communication
and altitude. Accordingly, navigation module 375 may cause system 380 of the UAV to communicate with an emergency
UAV 360 to move from waypoint to waypoint, in order to medical technician at a remote location. Other examples are
ultimately travel to a final destination (e.g., a final waypoint also possible.
in a sequence of waypoints). Module 375 may implement G. Propeller Disengagement Module and Motor Control
other navigation techniques to navigate the UAV 360. 20 Module

C. Communication Systems As noted above, UAV 360 may include a propeller dis-

In a further aspect, UAV 360 includes one or more engagement module 377 and a motor control module 378.
communication systems 380. The communications systems Module 377 detects whether a propeller has disengaged
380 may include one or more wireless interfaces and/or one from a motor shaft of a motor of UAV 360. For a UAV with
or more wireline interfaces, which allow UAV 360 to 25 multiple propellers, module 377 also determines which
communicate via one or more networks. Such wireless propeller system has a propeller that has disengaged from
interfaces may provide for communication under one or the shaft mount and motor shaft of a motor for a UAV 360.
more wireless communication protocols, such as Bluetooth, In one embodiment, processor 370 receives data from
WiFi (e.g., an IEEE 802.11 protocol), Long-Term Evolution sensors 367 and 369. Data from sensor 367 is used to
(LTE), WiMAX (e.g., an IEEE 802.16 standard), a radio- 30 determine a propeller speed while data from sensor 369 is
frequency ID (RFID) protocol, near-field communication used to determine a motor speed. In one embodiment,
(NFC), and/or other wireless communication protocols. module 377 compares the determined propeller speed and
Such wireline interfaces may include an Ethernet interface, motor speed to determine if the propeller is disengaged from
a Universal Serial Bus (USB) interface, or similar interface the motor. If the determined propeller speed is different from
to communicate via a wire, a twisted pair of wires, a coaxial 35 the determined motor speed by more than a predetermined
cable, an optical link, a fiber-optic link, or other physical disengagement threshold, then the module 377 determines
connection to a wireline network. that the propeller is disengaged from the motor shaft of a

D. Power Systems motor for UAV 360. In one embodiment, the predetermined

In a further aspect, UAV 360 may include power disengagement threshold is 10%. In other embodiments, the
system(s) 381. A power system 381 may include one or more 40 threshold is greater than, less than, or different from 10%.
batteries for providing power to the UAV 360. In one For a UAV with multiple propellers, the processor 370
example, the one or more batteries may be rechargeable and determines which propeller system has a disengaged pro-
each battery may be recharged via a wired connection peller based on sensors 367 and 369. In particular, each
between the battery and a power supply and/or via a wireless sensor 367 and 369 is associated with a particular motor
charging system, such as an inductive charging system that 45 and/or propeller. Thus, processor 370 can determine which
applies an external time-varying magnetic field to an internal propeller is disengaged based on sensors 367 and 369. In
battery. other embodiments, module 377 may determine propeller

E. Payloads disengagement using different data, calculations, determi-

A UAV 360 may employ various systems and configura- nations, and/or methods.
tions in order to transport items. In the illustrated embodi- 50  In another embodiment, module 377 may determine pro-
ment, a payload 382 may serve as a compartment that can peller disengagement based on a magnetic element disen-
hold one or more items, such that a UAV 360 can deliver the gagement sensor (not displayed). When the propeller mag-
one or more items to a target delivery location. For example, netic element attaches to and engages the shaft mount
as shown in FIG. 1, a UAV 100 can include a compartment magnetic element, the magnetic elements may create a
135, in which an item or items may be transported. As 55 circuit (e.g., by using a jumper across the propeller mounted
another example, the UAV can include a pick-and-place magnetic element). As a result, when the propeller magnetic
mechanism, which can pick up and hold the item while the element detaches from and disengages the shaft mount
UAV is in flight, and then release the item during or after the magnetic element, the circuit is broken. The disengagement
UAV’s descent. As yet another example, a UAV could sensor monitors whether or not the circuit is broken. If the
include an air-bag drop system, a parachute drop system, 60 disengagement sensor senses that the circuit is broken, then
and/or a winch system that is operable from high above a the module 377 determines that the propeller is disengaged
medical situation to drop or lower an item or items to the from the motor. Alternatively, if the disengagement sensor
scene of the medical situation. Other examples are also senses that the circuit has been made, then module 377
possible. determines that the propeller is engaged with the motor.

F. Service Modules 65 Additionally, for a UAV with multiple propellers, each

As noted above, UAV 360 may include one or more
service modules 376. The one or more service modules 376

propeller may have a corresponding disengagement sensor.
Thus, processor 370 may determine if a propeller is disen-

Autel Ex. 2004, p.22

DIJI v. Autel Autel Ex. 2019, p.22

IPR2019-00846



US 9,677,564 Bl

15

gaged from a motor based on the corresponding disengage-
ment sensor for the propeller. However, other embodiments
of the disengagement sensor are possible.

Module 378 determines how to adjust motor operation
based on the propeller disengaging from the motor shaft of
the motor of UAV 360. Module 378 communicates with
module 377 to determine which, if any, propeller has dis-
engaged from the motor shaft of motor for UAV 360. When
module 378 receives an indication from module 377 that a
propeller is disengaged, module 378 may alter control of one
or more motors of UAV 360 in response to the detected
propeller disengagement.

In one embodiment, module 378 may adjust the control
signal to other motors that remain engaged with their
respective propellers. In particular, module 378 may adjust
the control of motors engaged with their respective propel-
lers to first stabilize the UAV, and then move the UAV away
from the object causing the propeller object strike that
resulted in propeller disengagement. In other words, module
378 controls the other motors engaged with the respective
propellers to compensate for the motor that is disengaged
with its respective propeller, and then move away from the
object causing propeller disengagement. By moving away
from the object, module 378 may allow the disengaged
propeller to reengage the corresponding motor, which per-
mits UAV flight to resume pre-disengagement operation.

In another embodiment, in response to receiving a pro-
peller disengagement indication from module 377, module
378 may disable one or more engaged motors from their
respective propellers as a safety measure. By disabling one
or more motors, module 378 may discontinue flight of UAV
360 to prevent any further damage to one or more propellers,
motors, objects, or the UAV 360 due to a propeller object
strike. Alternatively, by disabling one or more motors,
module 378 may discontinue flight of UAV 360 until one or
more propellers are reengaged with their respective motors.
If re-engagement of all propellers occurs, module 378 may
then resume pre-disengagement operation of all motors to
continue flight of UAV 360. Module 378 may communicate
with module 375 to control the motors of UAV 360. In other
embodiments, module 378 may adjust control of one or
more motors for UAV 360 in response to propeller disen-
gagement using different methods from the methods
described above.

IV. ILLUSTRATIVE MAGNETIC PROPELLER
SAFETY DEVICE

FIGS. 4A and 4B display simplified illustrations of the
magnetic propeller safety device, according to an example
embodiment. In the displayed embodiments, the magnetic
propeller safety device 400 includes a propeller 405, a motor
410, a shaft mount 415, a screw 420, a washer 421, a
propeller magnetic element 425, a first propeller magnet
426, a firs propeller magnet adapter 427, a second propeller
magnet 428, a second propeller magnet adapter 429, and a
motor wire 430. In other embodiments, the magnetic pro-
peller safety device 400 may include more parts, fewer parts,
and/or different parts than the parts shown in FIGS. 4A and
4B.

The motor 410 may provide torque to the magnetic
propeller safety device 400 to enable the propeller 405 to
rotate during UAV flight. In the displayed embodiments, the
motor 410 includes a motor wire 430 and a motor shaft (not
displayed) to provide torque to the device 400. One end of
the wire 430 may be connected to the actual phases of the
motor winding for motor 410. The other end of the motor
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wire 430 may be connected to hardware of the UAV (not
displayed) to provide power and/or a speed control signal to
the motor 410. The UAV hardware may include a power
source, such as a battery, and/or an electronic speed con-
troller that provides a control signal to the motor.

While power allows the motor 410 to operate, a speed
control signal may be used to control operation of the motor
410, and thus device 400. For example, a control signal
could include a modulating signal to control the speed at
which the motor shaft rotates. The speed control signal could
be a 0-10V signal, or a different signal to provide modulating
control of the motor shaft rotation speed. The motor shaft
rotation speed may determine the propeller rotation speed
during UAV flight.

Additionally, the speed control signal could include a
binary signal to enable and disable the device 400 (on/off
control). The binary control signal could be a 24 VAC signal,
or a different binary control signal for the motor 410.
Alternatively, the wire 430 may provide only power and no
control signal. For example, power may be used to enable
and disable the motor 410 without providing any modulating
control. The power signal could be 24 VAC, or a different
signal to power the motor. In other embodiments, wire 430
may be used for different purposes to enable operation of the
motor 410.

The motor 410 may provide torque to the magnetic
propeller safety device 400 by way of a motor shaft of the
motor 410. In the displayed embodiment, the motor 410 is
physically coupled to the shaft mount 415 by inserting the
motor shaft of motor 410 into the shaft mount 415. Conse-
quently, when the motor 410 causes the motor shaft to rotate,
the shaft mount 415 also rotates. Because the propeller 405
can engage the shaft mount 415 during UAV flight, the
rotation of the shaft mount 415 allows the propeller 405 to
rotate in conjunction with the motor shaft of motor 410.
Thus, the motor 410 provides torque to the device 400 to
enable the propeller 405 to rotate during UAV flight. The
motor 410 could be a brushed or a brushless motor.

Device 400 may also include screw 420 and washer 421.
Screw 420 is inserted into washer 421, shaft mount 415, and
propeller 405. The screw 420 may be used to help maintain
the propeller shaft mount assembly. In particular, the screw
420 may help prevent the propeller from ejecting off of the
device 400 during UAV flight. Further, the screw 420 may
help ensure that the propeller 405 can engage the shaft
mount 415 during UAV flight. The washer 421 is in contact
with the screw 420 and the shaft mount 415 when the screw
420 is tightened. The washer 421 may help prevent the screw
from damaging the shaft mount 415 and the propeller 405
when the screw 420 is tightened.

In the displayed embodiment, washer 421 is press fit into
propeller hole 505 (discussed in FIG. 5). In some embodi-
ments, the washer 421 may be a compressible washer. In
some embodiments, the washer 421 may have a mechanical
element that allows the washer to deform and press through
the propeller hole 505. For example, a washer 421 may use
a mechanical spring element and/or a C-Clip to deform and
press through the propeller hole 505. In other embodiments,
device 400 may use more, less, and/or different parts to
maintain the propeller shaft mount assembly.

In the displayed embodiment of FIGS. 4A and 4B, the
motor 410, motor wire 430, screw 420, and washer 421 may
be off-the-shelf parts. Alternatively, in other embodiments,
one or more of the motor 410, the motor wire 430, the screw
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420, and the washer 421 may be custom-designed parts that
are fabricated to meet the needs of a particular UAV.

V. ILLUSTRATIVE MAGNETIC PROPELLER
SAFETY DEVICE COMPONENTS

FIG. 5 displays a simplified illustration of a propeller for
the magnetic propeller safety device, according to an
example embodiment. In the displayed embodiment, pro-
peller 405 includes a propeller hole 505 and a propeller
magnetic element 425, which includes a first propeller
magnet 426, a second propeller magnet 427, a first propeller
magnet adapter 428 and a second propeller magnet adapter
429. In other embodiments, the propeller 405 may include
more parts, fewer parts, and/or different parts than the part
shown in FIG. 5.

The propeller 405 provides a thrust force to propel the
UAV during flight, as mentioned earlier in FIGS. 1-3B.
Propeller 405 provides a thrust force by rotating with the
motor shaft of motor 410 along a longitudinal motor shaft
axis (not displayed). The propeller 405 can rotate in con-
junction with the motor shaft by engaging the shaft mount
415.

In the displayed embodiment, the propeller 405 can
engage and disengage the shaft mount 415 by way of
magnetic forces imparted between the propeller magnetic
element 425 and the shaft mount magnetic element 610
(discussed in FIGS. 6A and 6B). When the propeller 405 is
disengaged from the shaft mount 415 during UAV flight
(e.g., due to a propeller object strike), the propeller 405
remains attached to the magnetic propeller safety device 400
by way of the shaft mount 415, and possibly the screw 420,
and washer 421.

By remaining attached to the device 400, the propeller
405 can reengage with the shaft mount 415 to resume UAV
flight. This may be an improvement over other propeller
designs in which the propeller ejects from the aircraft in
response to a propeller object strike. The propeller and shaft
mount are discussed in further detail in FIGS. 6A-8.

Propeller 405 includes propeller hole 505. Hole 505 is
located at the center of the propeller 405 to ensure that the
weight of the propeller is radially balanced with respect to
the motor shaft. Propeller 405 is attached to the device 400
by inserting the press fit locking end 615 (discussed further
in FIGS. 6A-7) of shaft mount 415 through hole 505.
Furthermore, the screw 420 is inserted through washer 421
and into the press fit locking end 615 of shaft mount 415.
The screw 420 is then tightened to ensure that the propeller
405 remains attached to the propeller safety device 400,
especially during UAV flight.

In the displayed embodiment of FIG. 5, the propeller 405
and propeller magnetic element 425 may be off-the-shelf
parts. Alternatively, in other embodiments, the propeller 405
and magnetic element 425 may be custom-designed parts
that are fabricated to meet the needs of a particular UAV. In
the displayed embodiment, the propeller 405 is an off-the-
shelf part that is altered on opposite ends of the hole 505
along the longitudinal axis (not displayed) of the propeller
405 to include propeller magnet adapters 428 and 429.

Adapters 428 and 429 permit the first and second propel-
ler magnets 426 and 427, respectively, to be incorporated
into propeller 405. In one embodiment, the magnets 426 and
427 are fastened to propeller 405 via an adhesive applied to
the surfaces of the corresponding magnet adapters 428 and
429 and/or the surfaces of the magnets 426 and 427. The
adapters 428 and 429 may be holes in the propeller. Alter-
natively, the adapters 428 and 429 may be notches cut out of
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the propeller along the propeller surface that contacts the
shaft mount mounting plate 605 (discussed with FIGS.
6A-7). The adapters 428 and 429 may be sized to be slightly
larger than magnets 426 and 427, respectively, to ensure that
the magnets fit in adapters 428 and 429. Alternative adapters
428 and 429 may be possible. In other embodiments, the
propeller magnetic element 425 may be incorporated into
propeller 405 via different methods.

FIGS. 6A and 6B display simplified illustrations of a shaft
mount motor assembly for the magnetic propeller safety
device, according to an example embodiment. In the dis-
played embodiment, the shaft mount motor assembly 600
includes motor 410, shaft mount 415, screw 420, and/or
washer 421. The shaft mount 415 includes a shaft mount
mounting plate 605, a shaft mount magnetic element adapter
606, a shaft mount first magnet adapter 607, and a shaft
mount second magnet adapter 608, a shaft mount magnetic
element 610, a shaft mount first magnet 611, a shaft mount
second magnet 612, a shaft mount press fit locking end 615,
and a shaft mount motor shaft adapter 620. In some embodi-
ments, the assembly 600 and/or shaft mount 415 may
include more parts, fewer parts, and/or different parts than
the parts shown in and/or described for FIGS. 6A and 6B.

In the displayed embodiment of FIGS. 6A and 6B, the
motor 410 is connected to the shaft mount 415 to enable the
shaft mount to rotate with the motor shaft, which in turn may
allow the propeller 405 to also rotate with the motor shaft.
The motor shaft of motor 410 is inserted into the shaft mount
motor shaft adapter 620. Additionally, screw 420 is inserted
into washer 421 and the press fit locking end 615 of shaft
mount 415. The screw 420 is then tightened and washer 421
may help distribute the load of the screw and prevent the
screw 420 from damaging the shaft mount 415 and/or the
press fit locking end 615 during tightening.

In one embodiment, the screw 420 may be inserted into
washer 421 and press fit locking end 615 of shaft mount 415.
The screw may then be tightened against the motor shaft of
motor 400 to better fasten the motor 410 to the shaft mount
415. However in other embodiments, the motor 410 may be
connected to shaft mount 415 using different methods.

FIG. 7 displays a simplified illustration of a shaft mount
for the magnetic propeller safety device, according to an
example embodiment. In the displayed embodiment, the
shaft mount 415 includes a shaft mount mounting plate 605,
a shaft mount press fit locking end 615, and an extended
shaft mount motor shaft adapter 705. The shaft mount 415
in FIG. 7 may also include parts that are not displayed,
including a shaft mount magnetic element adapter 606, a
shaft mount first magnet adapter 607, a shaft mount second
magnet adapter 608, a shaft mount magnetic element 610,
shaft mount first magnet 611, and a shaft mount second
magnet 612. In some embodiments, the shaft mount 415
may include more parts, less parts, and/or different parts than
the parts shown and/or described for FIG. 7.

The shaft mount 415 enables the propeller 405 to rotate in
conjunction with the motor shaft of motor 410 during UAV
flight. The propeller 405 rotates in conjunction with the
motor shaft of motor 410 when the propeller engages the
shaft mount 415 by way of a magnetic holding force exerted
between the propeller magnetic element 425 and shaft
mount magnetic element 610. Additionally, if the propeller
405 disengages the shaft mount during UAV flight (e.g., due
to a propeller object strike), the shaft mount 415 may
reengage the propeller 405 when the propeller object strike
ends and the propeller magnetic element 425 is aligned with
the shaft mount magnetic element 610.
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The shaft mount 415 also allows the propeller 405 to
remain connected to the device 400 via the press fit locking
end 615. In particular, if a propeller object strike occurs, the
press fit locking end 615 prevents the propeller 405 from
ejecting off of the shaft mount 415 and device 400. Thus, the
press fit locking end 615 of the shaft mount 415 helps retain
the propeller 405 during a propeller object strike. By retain-
ing the propeller 405 during a propeller object strike, and
re-engaging the propeller 405 after a propeller object strike,
the shaft mount 415 helps permit UAV flight to continue,
despite a propeller object strike.

The extended adapter 705 may be used to permit the
motor 410 to attach to the shaft mount 415. In particular, the
motor shaft of motor 410 may be inserted into adapter 705.
In one embodiment, inserting the shaft of motor 410 into
adapter 705 causes the adapter to compress, such that
adapter 705 resembles adapter 620 in FIGS. 6A and 6B.
Alternatively, extended adapter 705 may be shortened,
trimmed, and/or sized to resemble adapter 620 to better
accommodate the motor shaft of motor 410. However, other
adapters or methods may be used to connect motor 410 to
shaft mount 415.

FIG. 8 displays a simplified illustration of a propeller
shaft mount assembly for the magnetic propeller safety
device, according to an example embodiment. In the dis-
played embodiment, the propeller shaft mount assembly 800
includes propeller 405, shaft mount 415, shaft mount mount-
ing plate 605, shaft mount press fit locking end 615, and
extended shaft mount motor shaft adapter 705. The assembly
800 may also include other parts that are not displayed,
including propeller magnetic element 425, propeller first
magnet 426, propeller second magnet 427, propeller magnet
adapters 428 and 429, the propeller hole 505, shaft mount
magnetic element adapter 606, shaft mount magnet adapters
607 and 608, shaft mount magnetic element 610, shaft
mount first magnet 611, and shaft mount second magnet 612.
In some embodiments, the propeller shaft mount assembly
800 may include more parts, less parts, and/or different parts
than the parts shown and/or described for FIG. 8.

Assembly 800 includes a shaft mount 415 inserted
through the center of the propeller 405 by inserting the press
fit locking end 615 into the propeller hole 505. The press fit
locking end 615 can be compressed for insertion into the
propeller hole 505. Once the press fit locking end 615 is
compressed, inserted, and is clear of the hole 505, the press
fit locking end expands and snaps into place. As a result, the
propeller 405 is located between the press fit locking end
615 and the mounting plate 605, as shown in FIG. 8. When
the propeller 405 is disengaged from the shaft mount 415,
the propeller 405 can move along the shaft mount 415
between the press fit locking end 615 and the mounting plate
605. In other embodiments, the propeller 405 may connect
to the shaft mount 415 using different parts and/or methods.

Although FIGS. 6A-8 display one embodiment of the
press fit locking end 615, other embodiments of the press fit
locking end are possible. In the displayed embodiment, press
fit locking end 615 is made of plastic. Press fit locking end
615 relies on the elasticity of plastic to engage locking tabs
of the press fit locking end 615 after insertion through
propeller hole 505. However, in other embodiments, the
press fit locking end 615 may rely on a mechanical locking
element made of less elastic material (such as metal) with
spring actuated locking tabs that are engaged after insertion
through propeller hole 505. Furthermore, other embodi-
ments of the press fit locking end 615 are possible.

Also, while the displayed embodiments of FIGS. 6A-8
show the press fit locking end 615 as an integral part of the
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shaft mount 415, in other embodiments, the shaft mount 415
could instead have a two part assembly including a rod and
a cap. The rod and cap assembly could attach the propeller
405 to the shaft mount 415 and prevent the propeller 405
from ejecting from the device 400 during a propeller object
strike.

The rod could be an integral part of the shaft mount 415
that is inserted into hole 505 of the propeller 405 until at
least the end of the rod clears the propeller hole 505. Once
the shaft mount rod is exposed on the side of the propeller
405 opposite the mounting plate 605, a cap could then be
fastened to the rod. The cap could be round and sized to have
a larger diameter and/or size than the propeller hole 505 to
prevent the propeller 405 from ejecting from the device 400
during a propeller object strike. Once the cap is attached to
the inserted rod, the propeller 405 would be located in
between the shaft mount mounting plate 605 and the cap of
the shaft mount 415. The cap and rod may be configured to
accommodate screw 420 and washer 421. The rod may also
be configured to accommodate the motor shaft of motor 410.
By fastening a cap that is larger than the hole 505 to a shaft
mount rod inserted through propeller hole 505, the propeller
405 may be unable to eject from device 400 during a
propeller object strike. As a result, the UAV may be able to
continue flight, despite a propeller object strike.

For shaft mount 415, the adapters 607 and 608 permit the
first and second shaft mount magnets 611 and 612, respec-
tively, to be incorporated into the shaft mount 415. In one
embodiment, the magnets 611 and 612 are fastened to the
shaft mount 415 via an adhesive applied to the surfaces of
the corresponding magnet adapters 607 and 608 and/or the
surfaces of the magnets 611 and 612 contacting the adapters
607 and 608. The adapters 607 and 608 may be notches in
the shaft mount with dimensions slightly larger than the
magnets 611 and 612. Alternative adapters 607 and 608 may
be possible. In other embodiments, the shaft mount magnetic
element 610 may be incorporated into the shaft mount 415
via different methods.

For the shaft mount magnetic element 610, the magnetic
element magnets may be flush mounted with the surface of
the mounting plate 605 at a location corresponding to the
location of the propeller magnetic element magnets. For
example, the locations of shaft mount magnets 611 and 612
correspond to the location of propeller magnets 426 and 427.
Placing the shaft mount magnetic element 610 in a location
corresponding to the propeller magnetic element 425 pro-
motes engagement of the propeller 405 to the shaft mount
415. The propeller magnetic element magnets may also be
flush mounted with the surface of the propeller 405 that
contacts the surface of the shaft mount mounting plate 605.

The shaft mount magnets 611 and 612 could be larger,
smaller, or the same size as the propeller magnets 426 and
427. Also, the shaft mount 415 could have more, fewer, or
the same number of magnets as the propeller 405, as long as
the shaft mount magnet locations correspond to the propeller
magnet locations. For example, a shaft mount 415 could
have two magnets located in a position corresponding to a
propeller location for one propeller magnet. Thus, in this
embodiment, the shaft mount has twice as many magnets as
the propeller.

In the displayed embodiments of FIGS. 4A-8, the propel-
ler 405 contains one magnet for each blade and the shaft
mount 415 contains a magnet corresponding to each pro-
peller blade magnet. Furthermore, the magnetic elements
425 and 610 have a symmetric configuration relative to the
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propeller hole 505. However, in other embodiments, the
magnetic elements 425 and 610 may have an asymmetric
configuration.

Although asymmetric magnet locations on the propeller
are possible, an asymmetric propeller magnet location con-
figuration has drawbacks. For any propeller magnet con-
figuration, the weight of the propeller magnets must be
radially balanced with respect to the center of the propeller.
Also, the magnetic force must be equal for each blade of the
propeller. Thus, to ensure a radially balanced propeller with
equal propeller blade magnetic forces, counterweights may
be required for an asymmetric magnet location design.
Furthermore, asymmetric magnet locations may not encour-
age propeller re-engagement with the shaft mount as well as
symmetric magnet locations, which is discussed later in
further detail.

The shaft mount 415 may be made of an elastic material,
such as plastic, or a different material. In other embodi-
ments, the shaft mount 415 may be made of a less elastic
material, such as metal, or a different material. The shaft
mount may be made with off-the-shelf parts. The magnets
426, 427, 611, and 612 may be permanent magnets, elec-
tromagnetic magnets, or any other type of magnet that is
suitable for the device 400. Also, the magnets 426, 427, 611,
and 612 may be off-the-shelf parts. In some embodiments,
one or more of the shaft mount 415 and magnets 426, 427,
611, and 612 may be custom-designed parts that are fabri-
cated to meet the needs of a particular UAV.

The device 400 has a first magnetic element and a second
magnetic element. In FIGS. 4A-8, the first magnetic element
is incorporated into the propeller (e.g., propeller magnetic
element 425) while the second magnetic element is incor-
porated into the shaft mount (e.g., shaft mount magnetic
element 610). However, in other embodiments, the device
400 may include more than two magnetic elements. Also,
the magnetic elements may be incorporated into components
different from the propeller and motor shaft.

In one embodiment of the device 400, the motor 410
rotates at 1200 revolutions per minute (RPM). The motor
shaft diameter is 4.9 millimeters (mm) while the propeller
hole 505 diameter is 5 mm. The washer 421 size is 5.05 mm.
For the propeller 405, the propeller rotates at the same speed
as the motor (1200 rpm) with a force of 50 grams (g). The
propeller weight is 3 g while the propeller diameter is 20 cm.
For the magnets, each magnet is 3 mm in diameter and 1 mm
thick. The total weight of the magnets (four magnets total)
is 0.8 g while the total magnetic holding force of the
magnetic elements is 75 g. Also, the ratio of the normal
magnetic holding force to the tangential magnetic force is
tuned to 10:1. Thus, a propeller object strike that disengages
the propeller may have significantly less force than the
normal magnetic holding force. In one example, a propeller
object strike that imparts an object strike force of at least 7.5
g on the propeller in the direction opposite of propeller
rotation may cause the propeller to disengage from the
motor.

VI. MAGNETIC PROPELLER SAFETY DEVICE
OPERATION

The magnetic propeller safety device 400 may reduce
damage from a propeller object strike by using magnetic
elements 425 and 610 as a passive clutch between the
propeller 405 and the motor shaft of motor 410. Thus, in the
event of a propeller object strike, the magnetic elements 425
and 610 allow the propeller 405 to engage, disengage, and
reengage the shaft mount 415. Additionally, the shaft mount
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press fit locking end 615 and mounting plate 605 permit
UAV flight to continue during a propeller object strike by
preventing the propeller 405 from ejecting off of the device
400. The magnetic elements 425 and 610 also ease instal-
lation and improve retention of the propeller 405 with the
device 400.

In the displayed embodiment of FIG. 8, the propeller 405
is engaged with the shaft mount 415. During a UAV flight,
when the propeller 405 is rotating in conjunction with the
motor shaft of the motor 410, the propeller 405 may be
engaged with the shaft mount 415. The propeller may
engage the shaft mount when the propeller magnetic element
425 and shaft mount magnetic element 610 are aligned.
When the magnetic elements 425 and 610 are aligned, the
magnets exert a normal magnetic holding force in a direction
perpendicular to the surfaces of the mounting plate 605 and
propeller 405 that come into contact (see FIG. 8). The
magnetic holding force causes the magnetic elements 425
and 610 to attract each other. As a result of the magnetic
holding force, the propeller 405 engages the shaft mount
415.

When engaged, the propeller 405 is magnetically con-
nected to the shaft mount 415. In particular, when engaged,
the propeller 405 may be in contact with the mounting plate
of the shaft mount 605, as shown in FIG. 8. When engaged
during UAV flight, the propeller 405 rotates and remains in
contact with the shaft mount 415. As a result, the propeller
405 rotates in conjunction with the motor shaft of the motor
410 when the propeller 405 is engaged with the shaft mount
415.

During a propeller object strike during UAV flight, the
propeller 405 (which is engaged with the shaft mount 415)
may angularly displace from the shaft mount 415. A larger
shear force caused by the propeller object strike causes the
angular displacement of the propeller 405 from the shaft
mount 415 to be larger. The shear force direction is along the
surface of the mounting plate and perpendicular to the
longitudinal axis of the propeller. The shear force may be
perpendicular to the normal magnetic holding force. When
the propeller object strike causes the propeller 405 to
become angularly displaced by 5-10°, the magnetic elements
425 and 610 may become misaligned and cause the propeller
405 to passively disengage from the shaft mount 415 during
the propeller object strike.

In particular, the propeller object strike shear force asso-
ciated with angular displacement of 5-10° is large enough to
overcome the magnetic holding force of magnetic elements
425 and 610. Specifically, the propeller object strike shear
force pulls the propeller magnetic element 425 away from
the shaft mount magnetic element 610 with a force that
overcomes and is greater than the magnetic holding force
pulling elements 425 and 610 together. As a result, the
propeller object strike makes the propeller 405 disengage
from shaft mount 415.

When the propeller 405 is disengaged from shaft mount
415, propeller 405 can rotate independently of the motor
shaft of motor 410 during the propeller object strike.
Because disengagement allows propeller 405 to rotate inde-
pendently from the motor shaft of motor 410, the cumulative
propeller object strike forces imparted on the propeller,
object, motor shaft, and UAV are reduced. In particular, the
initial propeller object strike forces on the object, propeller,
motor shaft, and UAV may be similar to a propeller without
the device 400. However, for device 400, the propeller
object strike forces are reduced when the propeller 405
disengages from the shaft mount 415 during a propeller
object strike. Thus, the cumulative propeller object strike
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forces imparted on the propeller, object, motor shaft, and
UAV are reduced. This in turn reduces the damage incurred
by the object, propeller, and UAV during a propeller object
strike.

Also, the configuration of device 400 may require a lower
propeller object strike disengagement force than other
devices, such as a prop saver. In particular, the mechanical
arrangement of the prop saver can cause the tangential force
resisting rotation to be similar to the normal force resisting
thrust. As a result, the disengagement force to cause the
propeller to eject from the motor can be high for a prop
saver. Consequently, if the propeller fails to eject during a
propeller object strike, the propeller remains coupled to the
motor and continues striking the object.

However, device 400 provides a lower propeller object
strike disengagement force by taking advantage of the
difference in normal versus tangential magnetic holding
forces. In particular, the disengagement force in the direction
opposite rotation of the propeller may be lower than the
disengagement force for a prop saver. A lower disengage-
ment force allows the propeller to disengage from the shaft
earlier during a propeller object strike, which in turn reduces
damage to the propeller, motor, and UAV. For the device
400, the difference in normal and tangential magnetic hold-
ing forces can be adjusted. In one embodiment, the ratio of
normal magnetic holding force to tangential magnetic hold-
ing force is 10:1. Thus, the device 400 may further reduce
damage caused during a propeller object strike by providing
a lower propeller disengagement force than other devices,
such as a prop saver.

Although the propeller 405 disengages from the shaft
mount 415 during a propeller object strike, the propeller 405
still remains part of the device 400. As a result, UAV flight
may still continue, despite the propeller object strike. In
particular, the shaft mount mounting plate 605 and press fit
locking end 615 prevent the propeller 405 from ejecting off
of the device 400 during a propeller object strike. As a result,
the propeller 405 can reengage with the shaft mount 415
once the propeller object strike is complete.

In particular, once contact between the object and the
propeller has ceased, the propeller 405 may continue to spin
freely and independently of the motor shaft while the
propeller 405 is disengaged. However, once the magnetic
elements 425 and 610 are close enough, the magnetic
holding force between elements 425 and 610 may pull both
elements together. This in turn may cause the propeller 405
and shaft mounts 415 to pull together. Once the propeller
405 and shaft mount 415 have pulled close enough together,
the magnetic elements 425 and 610 may realign, and the
propeller 405 may reengage the shaft mount 415. Specifi-
cally, once reengaged, the propeller 405 is in contact with
shaft mount 415. Once the propeller 405 and shaft mount
415 reengage, the propeller 405 can rotate in conjunction
with the motor shaft of motor 410. As a result of propeller
re-engagement, the UAV flight may continue.

When the propeller 405 is passively disengaged from the
shaft mount 415 (i.e., spinning independently from the
motor shaft of motor 410), the propeller is located roughly
Ysth of an inch from the surface of shaft mount mounting
plate 605. In contrast, when the propeller 405 is engaged
with the shaft mount 415, the propeller is in contact with the
surface of shaft mount mounting plate 605 (see FIG. 8).
Thus, during passive disengagement, the propeller is free to
move along the shaft mount between the press fit locking
end 615 and the shaft mount mounting plate 605.

In some embodiments, the propeller may be pushed away
Y4th of an inch due to a magnetic repelling force between the
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magnetic elements 425 and 610. Alternatively, the propeller
405 may be located Yth of an inch away from the surface
of shaft mount mounting plate 605 due to a reduced or
nonexistent magnetic holding force between magnetic ele-
ments 425 and 610. In some embodiments, the propeller is
pushed off of the surface of the shaft mount mounting plate
605 by features, such as ramps or grooves. In some embodi-
ments, the propeller 405 may move away a different distance
from mounting plate 605 during passive disengagement.

The magnetic elements 425 and 610 can be tuned or
adapted to impart different magnetic normal force and
tangential force strengths. In one embodiment, a ratio of
normal magnetic force to tangential magnetic force is 10:1.
As a result, the propeller object strike shear force required
for propeller disengagement may be significantly less than
the normal magnetic holding force. In one embodiment, a
shear force (e.g., due to an object strike) in a direction
opposite propeller rotation may only need to be Yioth as
strong as the normal magnetic force to overcome the tan-
gential magnetic force and cause propeller disengagement.
However, this ratio could be increased or decreased depend-
ing on the needs of the UAV, propeller, shaft mount, motor
shaft, and/or the specific application of the magnetic ele-
ments.

In one embodiment, the spacer is inserted between the
shaft mount mounting plate 605 and the propeller 405 to
adjust the ratio of the normal magnetic force to tangential
magnetic force. Inserting the spacer reduces the amount of
tangential force (or object strike shear force) required to
overcome the magnetic holding force to disengage the
propeller from the shaft mount. Specifically, inserting the
spacer increases the distance between the shaft mount 415
and propeller 405, which in turn decreases the magnetic
holding force between the magnetic elements 425 and 610.
Thus, the tangential force (or object strike shear force)
required to disengage the propeller from the shaft mount is
reduced. Other methods may be used to tune or adjust the
magnetic forces and/or the magnetic forces ratio for the
device 400.

In one embodiment, the propeller 405 disengages from
the shaft mount 415 when the propeller is misaligned from
the shaft mount 415 by a displacement amount of 5-10°.
However, in other embodiments, the displacement amount
required to disengage the propeller 405 from the shaft mount
415 could be smaller, larger, and/or different from 5-10°. In
theory, the displacement amount could be any amount of
angular displacement greater than 0°. The displacement
amount, in some embodiments, may be adjusted by tuning
the magnets. Alternatively, the displacement amount may be
adjusted by using stronger or weaker magnets. Other meth-
ods may exist for adjusting the displacement amount.

Additionally, the magnets reduce the force required to
install the propeller and increase the force required to
remove the propeller. In particular, a normal magnetic
holding force imparted between the propeller and a shaft
mount reduces the force required for installing the propeller.
Specifically, when elements 425 and 610 are close together,
the elements automatically attract each other, which in turn
reduces the force needed for installation. Furthermore, the
same normal magnetic holding force increases the force
required to remove the propeller. As a result, the magnets
make it easier to install the propeller. The magnets also
increase the retention force imparted by the shaft mount on
the installed propeller.

The symmetric magnet location configuration of propeller
405 and shaft mount 415 allows the magnetic elements 425
and 610 to reengage at multiple propeller rotation points. For
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example, the two-blade propeller 405 can reengage shaft
mount 415 when the propeller 405 has rotated either 180° or)
360° (0°. For a three blade propeller with a symmetric
magnet location design, the propeller magnets could reen-
gage the shaft mount at propeller rotation points of 120°,
240°, and) 360° (0°.

However, for an asymmetric magnet location design, only
one location for realignment exists at a rotation of 0° (360").
Because of the asymmetrical design, each propeller magnet
has only one corresponding shaft mount magnet. As a result,
re-engagement can only occur when the propeller has
rotated such that a propeller magnet is aligning with its
corresponding shaft mount magnet.

For a symmetric design, each propeller magnet may have
multiple shaft mount magnets available for realignment due
to symmetry. Even further, if a shaft mount and propeller
magnet configuration is symmetrical with respect to all
propeller blades, then each propeller magnet can realign
with any of the shaft mount magnets. Thus, a symmetric
design encourages the propeller to reengage the shaft mount
after a propeller object strike.

VII. ILLUSTRATIVE SHAFT MOUNTS

FIGS. 9A, 9B, and 10 display alternative embodiments of
a shaft mount for device 400. FIGS. 9A and 9B display
simplified illustrations of a shaft mount for the magnetic
propeller safety device, according to another example
embodiment. In the displayed embodiment, the shaft mount
900 includes a mounting plate 905, a shaft mount magnetic
element adapter 910, a shaft mount first magnet adapter 911,
a shaft mount second magnet adapter 912, a shaft mount
propeller adapter 915, a shaft mount motor shaft adapter
920, and the shaft mount ramps 925. In other embodiments,
the shaft mount 900 may include more parts, fewer parts,
and/or different parts than the parts shown in FIGS. 9A and
9B.

As shown in FIGS. 9A and 9B, the shaft mount 900 may
include a shaft mount magnetic element adapter 910 to
incorporate a shaft mount magnetic element into a surface of
the shaft mount mounting plate 905. The adapter 910 may
include a first shaft mount magnet adapter 911 and a second
shaft mount magnet adapter 912. A first shaft mount magnet
may be inserted into adapter 911 while the second shaft
mount magnet may be inserted into adapter 912. The shaft
mount magnetic element for 900 may operate similarly to
the shaft mount magnetic element for shaft mount 415. In
particular, the shaft mount magnetic element for 900 may
allow the propeller 405 to engage, disengage, and reengage
the shaft mount 900 via the propeller magnetic element 425.

In some embodiments, a shaft mount may include disen-
gagement accelerators to accelerate the disengagement of a
propeller from the shaft mount during a propeller object
strike. Accelerating propeller disengagement during a pro-
peller object strike may reduce damage for the object,
propeller, and UAV. A disengagement accelerator accelerates
propeller disengagement by increasing the normal displace-
ment between the propeller and shaft mount magnetic ele-
ments while the angular displacement between the propeller
and shaft mount magnetic elements increases. In FIGS. 9A
and 9B, the shaft mount 900 includes disengagement accel-
erators in the form of ramps 925 located on the surface of the
mounting plate 905.

During a propeller object strike, ramps 925 may cause the
propeller 405 to disengage from the shaft mount 900
quicker. In particular, when the propeller object strike begins
and the propeller 405 begins to displace, each blade of the
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propeller 405 encounters a ramp 925. When the propeller
blades encounter the ramps, as the propeller angular dis-
placement from the shaft mount continues to increase, the
inclined ramps 925 force increased normal displacement
between the propeller magnetic element 425 and the shaft
mount magnetic element 610. As the normal displacement
between the magnetic elements 425 and 610 increases at a
faster rate, the magnetic holding force between elements 425
and 610 decreases at a faster rate. Because the magnetic
holding force decreases more quickly, the ramps 925 may
cause the propeller 405 to disengage from shaft mount 900
faster during a propeller object strike.

The propeller 405 may also include disengagement accel-
erator adapters to accommodate the shaft mount disengage-
ment accelerators. For example, propeller 405 may include
ramp adapters for ramps 925. The ramp adapters for a
propeller 405 may be holes or notches in the propeller with
dimensions similar to or slightly larger than the ramps 925.
Similar or slightly larger dimensions ensure that the adapters
can adequately accommodate ramps 925. In other embodi-
ments, the disengagement accelerator adapters may have
larger, smaller, or different dimensions than the ramp adapt-
ers. In other embodiments, the propeller 405 may not have
disengagement accelerator adapters.

While the displayed embodiment in FIGS. 9A and 9B
shows two ramps, in other embodiments, the shaft mount
has more or less disengagement accelerators. Further, other
embodiments of ramps may include inclines having a larger
or smaller slope. Even further, the ramps may have a
nonlinear incline. In other embodiments, the disengagement
accelerators may be grooves, or some other configuration, as
opposed to ramps. Also, while the displayed embodiment
shows ramps 925 that accommodate counterclockwise dis-
placement for a propeller rotating in a clockwise direction,
other embodiments may include accelerators that accommo-
date clockwise displacement for a propeller rotating in a
counterclockwise direction.

FIG. 10 displays a simplified illustration of the shaft
mount for the magnetic propeller safety device, according to
yet another example embodiment. In the displayed embodi-
ment, the shaft mount 1000 includes a mounting plate 1005,
a shaft mount magnetic element adapter 1010, a shaft mount
first magnet adapter 1011, a shaft mount second magnet
adapter 1012, a shaft mount third magnet adapter 1013, a
shaft mount fourth magnet adapter 1014, and a shaft mount
propeller adapter 1015. Although not displayed, the shaft
mount 1000 may also include a shaft mount motor shaft
adapter. In other embodiments, shaft mount 1000 may
include more parts, fewer parts, and/or different parts than
the parts shown in FIG. 10.

Unlike shaft mount 415, shaft mount 1000 can accom-
modate a propeller magnetic element with four magnets.
Specifically, the shaft mount 1000 includes shaft mount
magnetic element adapter 1010, which includes a shaft
mount first magnet adapter 1011, a shaft mount second
magnet adapter 1012, a shaft mount third magnet adapter
1013, and a shaft mount fourth magnet adapter 1014. A shaft
mount magnet can be inserted into each of the four magnet
adapters (1011-1014). Thus, shaft mount 1000 can accom-
modate four shaft mount magnets via adapter 1010. In the
displayed embodiment, the shaft mount magnetic element
1010 has a symmetrical arrangement of the four magnet
adapters 1011-1014. All four magnets inserted into the
adapters 1011-1014 may have a substantially similar size,
weight, and magnet strength.

Shaft mount 1000 can be used with a propeller containing
four propeller blades (as opposed to propeller 405, which
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has two blades). Each of the four propeller blades may
contain a propeller magnet at a location corresponding to the
location of the shaft mount magnet. Thus, the four-bladed
propeller would have four propeller magnets. In the dis-
played embodiment, all four propeller magnets may have a
similar size, weight, and magnet strength.

In the displayed embodiment, the propeller would have
four unique points where the propeller can reengage with the
shaft mount, as opposed to the two re-engagement points for

28

freely when it disengages, the propeller 405 is more likely
to reengage with the shaft mount 415, and thus continue
flight of the UAV.

In some applications, it may be preferred to trade off
damage mitigation for better UAV flight. For example, in a
warehouse application, the most likely propeller object
strikes may be warehouse walls. As a result, it may be
preferable to trade off damage mitigation for better flight
performance. Thus, rotation limiters, such as hard stops,

propeller 405 and shaft mount 415. Additional propeller 10 may be a good option for a warehouse UAV flight 'appllica-
. . tion. However, this may not be the case for all applications.

re-engagement points exist because the shaft mount and

propeller each have four symmetrically located magnets, all IX. CONCLUSION

of which have a similar weight and magnet strength. Thus,

in the displayed embodiment, any propeller magnet may 1s  While the methods described herein illustrate a number of

reengage with any shaft mount magnet after a propeller  blocks that are in a sequential order, these blocks may also

object strike. be performed in parallel or in a different order than those

Other configurations of shaft mount 1000 are possible. described herein. Also, the various blocks may be combined
For example, the magnets could have an asymmetric con- into fewer blocks, or divided into additional blocks. In
figuration. However, an asymmetric magnet configuration 20 addition, it should be understood that the flow diagrams
may require counterweights to ensure that 1) magnet weight show functionality and operation of possible implementa-
is radially balanced for the propeller and 2) magnet force for ~ tions of the present embodiments, though other implemen-
each propeller blade is equal. Additionally, an asymmetric tations are also possible. Moreover, each block in the flow
design may only have one re-engagement point. Thus, each ~ diagrams may represent a module, a segment, or a portion of
propeller magnet may only be able to reengage with its 25 program code that includes one or more instructions execut-
corresponding shaft mount magnet. able by a processor for implementing specific logical func-

In other embodiments, shaft mount 1000 may be config- tions or steps in the process. The program code may be
ured to include magnets to accommodate a propeller that stored on data storage.
contains more than one magnet per propeller blade. Addi- It should be understood that arrangements described
tionally, shaft mount 1000 may be configured differently to 30 herein are for purposes of example only. As such, those
accommodate a propeller with more or fewer propeller skilled in the art will appreciate that other arrangements and
blades. For example, if a propeller has three blades and one other elements (e.g., machines, interfaces, functions, orders,
magnet for each blade, the shaft mount may be configured ~ groupings of functions, etc.) can be used instead, and some
to have three shaft mount magnets. Other shaft mount elements may be omitted altogether according to the desired
configurations are also possible. 35 results. Further, many of the elements that are described are

functional entities that may be implemented as discrete or
VIII. OTHER EMBODIMENTS distributed components or in conjunction with other com-
ponents, in any suitable combination and location.

In other embodiments of the device 400, the magnetic While various aspects and embodiments have been dis-
elements for the propeller or shaft mount could have the 40 closed herein, other aspects and embodiments will be appar-
magnets replaced with ferrous. However, at least one of the ent to those skilled in the art. The various aspects and
magnetic elements (either the propeller or the shaft mount) embodiments disclosed herein are for purposes of illustra-
must use magnets to allow the propeller and shaft mount to tion and are not intended to be limiting, with the true scope
coup]e together, For examp]e’ 1f the shaft mount magnetic being indicated by the following claims, along Wlth the full
element 610 is replaced with ferrous, then the propeller 45 scope of equivalents to which such claims are entitled. It is
magnetic element 425 must use magnets to allow the pro- also to be understood that the terminology used herein is for
peller 405 and shaft mount 415 to couple together. One type  the purpose of describing particular embodiments only, and
of ferrous that could be used is steel. However, other types is not intended to be limiting.
of ferrous could also be used with device 400.

In other embodiments, the device 400 may include a 50  The invention claimed is:
rotation limiter, such as hard stops, to limit the rotation of the 1. An aerial vehicle comprising:
propeller 405 when the propeller 405 disengages from the at least one propeller;
shaft mount 415 during a propeller object strike. In one a shaft mount inserted through a center of the propeller,
embodiment, the hard stops are added to the shaft mount 415 the shaft mount configured to physically couple and
and limit propeller rotation to 90° of displacement from the 55 rotate with a motor shaft of the aerial vehicle, the shaft
shaft mount 415. In other embodiments, rotation limiters, mount configured to engage the propeller to rotate with
such as hard stops, may limit propeller rotation to different the motor shaft, the shaft mount configured to remain
angular displacements. Other configurations of rotation lim- inserted through the center of the propeller;
iters may be possible. a first magnetic element incorporated with the propeller;

Although rotation limiters, such as hard stops, may not 60 and
mitigate as much damage during an object strike, rotation a second magnetic element incorporated with the shaft
limiters may better promote continued UAV flight after a mount, wherein the second magnetic element is con-
propeller object strike. Specifically, because a rotation lim- figured to attract the first magnetic element to engage
iter prevents the propeller 405 from spinning freely after the propeller to the shaft mount.
disengaging from the shaft mount 415, the propeller 405 65 2. The device of claim 1, wherein the propeller engages

and/or object may incur additional damage during an object
strike. However, because the propeller 405 cannot spin

the shaft mount when the first magnetic element and second
mount magnetic element are aligned.
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3. The device of claim 2, wherein the propeller disengages
the shaft mount when the propeller and the shaft mount are
misaligned by a displacement amount, wherein disengaging
the propeller from the shaft mount allows the propeller to
rotate independently of the shaft mount and the motor shaft.

4. The device of claim 3, wherein the displacement
amount is at least 5 degrees.

5. The device of claim 4, the device further comprising:

a disengagement accelerator incorporated into the shaft

30

17. An aerial vehicle comprising:

a plurality of propeller systems including a first propeller
system and a second propeller system, wherein each
propeller system comprises:

a propeller;

a shaft mount inserted through a center of the propeller,
the shaft mount configured to physically couple and
rotate with a motor shaft of an aerial vehicle, the
shaft mount configured to engage the propeller to
rotate with the motor shaft, the shaft mount config-

mount that changes a rate of disengagement between 10 ured to remain inserted through the center of the
the propeller and shaft mount, wherein increasing the propeller;
rate reduces the displacement amount. a first magnetic element incorporated with the propel-
6. The device of claim 5, wherein the disengagement ler; and . ) )
accelerator includes one or more ramps. a second magnetic element incorporated with the shaft
7. The device of claim 1, wherein the first magnetic 15 mount, wherein the second magnetip element is
elerr.lent includes at least two ’magnets configured to attract the first magnetic element to
. : : : engage the propeller to the shaft mount when the first
8. The dev'lce of claim 7 wherein the at least two magnets magnetic element and the second magnetic element
are symmetrically locgted on the Prope]]er. are aligned, wherein the propeller disengages the
9. The device of claim 8 wherein the propeller has more 20 shaft mount when the first magnetic element and
than one reengagement point with the shaft mount. second magnetic element are misaligned;
10. The device of claim 1, the device further comprising: One Or more Processors; and ) )
a rotation limiter incorporated into the shaft mount that a memory storing gxecutable instructions.
limits a rotation amount of the propeller when the 18. The aerial vehicle of claim 17, wherein the stored
propeller is disengaged from the shaft mount. »5 executable instructions cause the one or more processors to:
11. The device of claim 10, wherein the rotation limiter detect, for one of the plurality of propeller systems, that
includes one or more hard st(;ps a propeller has disengaged from a shaft mount; and
12. The device of claim 1 wherein the second magnetic determine that the disengaged propeller and shaft mount
element is ferrous are for the first propeller system.
13. A propeller ‘system comprising: 30 19. The aerial vehicle of claim 18, wherein the stored
a éropeller' ’ executable instructions further cause the one or more pro-
a shaft mount inserted through a center of the propeller, cessors to: ..
the shaft mount configured to physically couple and in response to deterl.mln?ng, that the propeller of the first
rotate with a motor shaft of an aerial vehicle, the shaft . propeller system is disengaged from the shaft mount,
mount configured to engage the propeller to rotate with 35 disable the motor shaft of the second propeller system.
the motor shaft, the shaft mount configured to remain 20. The aerial vehicle of claim 18, wherein the stored
inserted througfl the center of the propeller; executable instructions further cause the one or more pro-
a first magnetic element incorporated with the propeller; cessors to: .. .
and in response to determining disengagement of the first
a second magnetic element incorporated with the shaft 40 propeller system, control the motor shaft of the second
mount, wherein the second magnetic element is con- propeller system to rotate to stabilize the aerial vehicle;
ﬁnge(i to attract the first magnetic element to engage control the motor shaft of the second propeller system to
the propeller to the shaft mOLCl’Ilt rotate to propel the aerial vehicle away from an object
14. The propeller system of claim 13, wherein the pro- that gaused disengagement of the first propeller system;
peller engages the shaft mount when the first magnetic 45 determine that the propeller of the first propeller system
element and second magnetic element are aligned. . has reengaged the Sh,af,t mount; and
15. The propeller system of claim 14, wherein the pro- in response to determining re-engagement of the first
peller disengages the shaft mount when the propeller and the propeller system,
shaft mount are misaligned by a displacement amount control the motor shaft of the second propeller system to
. 50 rotate at a speed based on re-engagement of the first

wherein disengaging the propeller from the shaft mount
allows the propeller to rotate independently of the shaft
mount and the motor shaft.

16. The propeller system of claim 13, wherein the second
magnetic element is ferrous.

propeller system.
21. The aerial vehicle of claim 17, wherein the second
magnetic element is ferrous.
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