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С Т А Н О В И Щ Е 
 

ОТНОСНО: предварително проучване за новост на изобретение с наименование  

„Летателна система с периферно свързани каскадни съосни  

витла около роторни валове“ 

 

вх. № СпИС-1227/24.10.2022 г.   

 Проучването е направено въз основа на представените патентни претенции 1-17, 

описание и приложената към него фигура. 

 Патентните претенции се отнасят до летателна система с периферно свързани 

каскадни съосни витла около роторни валове, включваща: основно тяло, поне една 

роторна опора, вал, множество витла, периферни лентовидни съединители, задвижка, 

изпълнителни механизми, оптимизиращ управленски блок, комбиниран датчик за 

метеорологичните параметри, комбиниран датчик за летателните параметри, 

комуникационен вход на телепредавател, въздушни кормила, тягово двукаскадно бокс-

витло, дъговидни периферни съединители, въртящ се вал на тягов мотор,  две 

пътнически седалки и една пилотска седалка. 

 Обект на настоящето проучване е да се обезпечи летателна система с периферно 

свързани каскадни съосни витла около роторни валове, за да се избегнат периферните 

им загуби и едновременно да се увеличи подемната сила и тягата, както , да се подобри 

структурната устойчивост на роторите и да са с ниска себестойност. 

 

В резултат на извършеното проучване бяха намерени следните документи, които 

са отразени в доклада от проучването, отнасящи се летателна система с периферно 

свързани каскадни съосни витла около роторни валове. 

 

 В патентен документ WO2017081668 (A1) е разкрито безпилотно устройство за 

излитане, което се състои от модулно водоустойчиво тяло, шаси, валове, външна обвивка 

на тялото, система за задвижване, система за защита на витлото, платформа от 

повърхностен материал за плъзгане и кацане, контролни повърхности, бордов въздушен 

компресор, бордова система за електролиза, водоустойчив проводник през корпуса или 

антена, батерия, електроразпределително табло, модул за глобална система за 

позициониране, охлаждащо устройство, ръчно или автоматично разгъващ се парашут, 

устройство за външно закрепване и вътрешно поместване на товар и ултразвуков 

радарен сензор. 

 В патентен документ KR20200100352 (A) е разкрит дрон, включващ: пилотна част,  

част за качване, вал, електрически мотор, електрически цилиндър, витла, задвижваща 

част и жироскоп. 

 



 
                                

 

 
 

 

 

  

 

 В патентен документ US2016207625 (A1) е разкрито въздухоплавателно средство, 

което може както да излита, така и да се приземява вертикално, да кръжи хоризонтално с 

висока крейсерска скорост, което има  опорна конструкция, най-малко три ротора, тяга, 

витло и двигатели. 

  В патентен документ EP3760538 (A1) е разкрит автономен многороторен самолет,  

състоящ се от: корпус с камера, платформа за повдигане, бордов компютър и авионика. 

Самолетът  включва една или повече системи за задвижване, един или повече 

потребителски интерфейси, витло, двигател и бордова енергийна система.  

  

  
 Анализът на обекта на проучването и известните решения показва следното: 
 

            Новост 

 

 В нито един от намерените при проучването документи не е разкрита летателна 

система с периферно свързани каскадни съосни витла около роторни валове, която да 

включва всички технически признаци на обекта на проучването. 

 

         Следователно, летателната система с периферно свързани каскадни съосни витла 

около роторни валове, отговаря на изискванията за новост, съгласно чл. 8 от Закона за 

патентите и регистрацията на полезните модели (ЗПРПМ). 
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REDUNDANT AIRCRAFT PROPULSION 
SYSTEMUSING CO-ROTATING 
PROPELLERS ONED BY TIP 

CONNECTORS 

BACKGROUND 

0001 Conventional rotor-craft sometimes use multiple 
propellers (i.e., rotors) that are sometimes symmetrically 
located relative to a center of mass of the aircraft. Each 
propeller is coupled to a different drive shaft and powered by 
a different single motor using an electronic speed control 
(ESC), which controls the rotational speed of the motor, and 
thus the rotational speed of the propeller. Some rotor-crafts 
have four, six, eight, or more propellers. 
0002. When many propellers are used for propulsion of a 
rotor-craft, the rotor-craft may have some level or redun 
dancy in case of failure of a motor or damage to a propeller. 
For example, an octocopter may continue controlled flight in 
the event of a failure of one of the motors that drive a 
particular propeller or damage to the particular propeller 
because the other seven propellers can typically maintain 
flight of the octocopter even when one propeller is no longer 
completely functional. However, rotor-craft having fewer 
propellers may not be able to maintain controlled flight in 
the event of a failure of a motor or damage to a propeller. 
0003 Propeller blades, like wings, create vortices during 
rotation of the propeller blades. The vortices create drag, 
which slows the propeller and causes inefficiency. In addi 
tion, propeller blades often create undesirable noise during 
operation at high rotational speeds at least partly due to 
airflow about the tips of blades of the propeller. When 
heavily loaded, propeller blades may deflect, which may 
reduce Some efficiency of the propellers, and may even 
result in failure of the propeller if the deflection compro 
mises the structural integrity of the propeller. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0004. The detailed description is described with refer 
ence to the accompanying figures. In the figures, the left 
most digit(s) of a reference number identifies the figure in 
which the reference number first appears. The same refer 
ence numbers in different figures indicate similar or identical 
items. 
0005 FIG. 1A is a perspective view of an illustrative 
redundant aircraft propulsion system using multiple motors 
to drive a single shaft coupled to a propeller. 
0006 FIG. 1B is an exploded perspective view of the 
illustrative redundant aircraft propulsion system shown in 
FIG 1. 

0007 FIG. 2 is a perspective view of an illustrative 
redundant aircraft propulsion system using stacked multiple 
motors to drive a single shaft coupled to a propeller. 
0008 FIG. 3 is a perspective view of an illustrative 
redundant aircraft propulsion system using multiple motors 
that rotate cogwheels that engage a cogwheel on a shaft 
coupled to a propeller. 
0009 FIG. 4 is a flow diagram of illustrative operation of 
powering the motors of the redundant aircraft propulsion 
system in response to detecting a failure of a motor. 
0010 FIG. 5A is a perspective view of an illustrative 
redundant aircraft propulsion system using multiple motors 
to drive a single shaft coupled to an illustrative closed 
propeller apparatus. 
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0011 FIG. 5B is a side elevation view of the redundant 
aircraft propulsion system shown in FIG. 5A. The motors are 
positioned on opposite sides of the closed propeller appa 
ratuS. 

0012 FIG. 6 is a side elevation view of a redundant 
aircraft propulsion system having a single motor. 
0013 FIG. 7 is a side elevation view of a redundant 
aircraft propulsion system having motors positioned 
between the propellers. 
0014 FIG. 8 is a side elevation view of a redundant 
aircraft propulsion system having a single motor positioned 
between the propellers. 
0015 FIG. 9 is a side elevation view of a redundant 
aircraft propulsion system having a plurality of joints that 
enable variable pitch operation of at least one of the pro 
pellers. 
(0016 FIG. 10A-10C show illustrative co-propellers hav 
ing an angle offset in the plane of rotation of the propellers. 
FIG. 10A is a perspective view of the illustrative closed 
propeller apparatus, FIG. 10B is a top plan view of the 
illustrative closed propeller apparatus, and FIG. 10C is a 
side elevation view of the illustrative closed propeller appa 
ratuS. 

(0017 FIG. 11A-11C show illustrative co-propellers hav 
ing different propellers blade profiles and configured in a 
closed configuration. FIG. 11A is a perspective view of the 
illustrative closed propeller apparatus, FIG. 11B is a top plan 
view of the illustrative closed propeller apparatus, and FIG. 
11C is a side elevation view of the illustrative closed 
propeller apparatus. 
0018 FIG. 12 is a block diagram of an illustrative 
unmanned aerial vehicle (UAV) 1200. 

DETAILED DESCRIPTION 

0019. This disclosure is directed to aircraft propulsion 
systems. In some embodiments, the aircraft propulsion sys 
tems may have redundancy based on use of multiple motors 
to drive (rotate) a single shaft coupled to a propeller. The 
motors may be selected such that a first motor is capable of 
rotating the drive shaft in an event of a failure of a second 
motor coupled to the drive shaft. A one-way clutch bearing, 
or similar device, may interface between a motor and the 
drive shaft to enable free rotation of the drive shaft in an 
event of the motor becoming inoperable. Such as the motor 
freezing or locking in a position due to failure caused by 
overheating or caused by other conditions or events. Use of 
the second motor may secure a position of the drive shaft 
which may support the propeller in radial eccentric loading. 
0020. In various embodiments, the aircraft propulsion 
systems may have redundancy and/or achieve efficiencies 
using multiple propeller blades that are joined by tip con 
nectors to form a closed propeller apparatus. The tip con 
nectors may create continuous structure between adjacent 
tips of a first propeller and a second propeller. Use of the tip 
connectors may reduce Vortices created near the tips of the 
propeller blades, which cause drag and slow the rotation of 
the propeller blades. The tip connectors may also reduce 
noise caused by rotation of propeller blades. Further, the tip 
connectors reduce or eliminate deflection of the propeller 
blades by creating a Support structure to counteract forces 
that would otherwise cause deflection of the propeller 
blades, thereby improving propeller blade loading. Since 
both propellers are coupled together, the propellers will 
rotate at the same speed, which may eliminate a control 
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feature used in some implementations that attempt to match 
rotational speed of different propellers. In some embodi 
ments, the tip connectors may be formed of a malleable 
material and/or include one or more joints that enable at least 
one of the propellers to modify a pitch of blades of the 
propeller. 
0021. The closed propeller apparatus may be employed 
using multiple motors to create redundancy in both the 
power source and also the physical structures, such as the 
propeller blades, the drive shaft, and other physical struc 
tures. For example, the closed propeller apparatus has 
increased structural rigidity due to the coupling of the 
propellers by the tip connectors and possibly by coupling of 
the propellers by the drive shaft. This increased structural 
rigidity may increase a durability of the propeller blades in 
the event that the propellerblades make contact with another 
object. The motors may be located adjacent to outside 
Surfaces of the closed propeller apparatus or may be located 
between the propeller blades. 
0022. The apparatuses, systems, and techniques 
described herein may be implemented in a number of ways. 
Example implementations are provided below with refer 
ence to the figures. 
0023 FIG. 1A is a perspective view of an illustrative 
redundant aircraft propulsion system 100. The redundant 
aircraft propulsion system 100 may include using multiple 
motors 102 to rotate a drive shaft 104 coupled to a propeller 
106. Although the propeller 106 is shown as having two 
blades, the propeller 106 (and any other propeller described 
herein) may have more propeller blades, such as three 
blades, four blades, five blades, or more. The motors 102 
may include a first motor 102(1) and a second motor 102(2): 
however, additional motors may also be used in the redun 
dant aircraft propulsion system 100 to achieve similar 
results. The motors 102 may be coupled to a frame 108, such 
as a motor mounting spar, which enables the motors 102 to 
impart rotation of the drive shaft 104 and the propeller 106 
relative to the frame 108. The frame 108 may be a frame of 
an aircraft, such as an unmanned aerial vehicle (UAV), a 
helicopter, or other aircraft where the propeller 106 is used 
to propel the frame through air vertically, horizontally, or 
both. However, the frame 108 may be a frame for other 
devices, such as ground vehicles, maritime vessels, and/or 
stationary devices, such as fans. 
0024 Bearings 110 may be coupled to the drive shaft 104 
and other structures, such as the motors 102 and/or the frame 
108. In some embodiments, a first bearing set 110(1) is 
coupled between the first motor 102(1) and the drive shaft 
104 and a second bearing set 110(2) is coupled between the 
second motor 102(2) and the drive shaft 104. The bearings 
110 may enable free rotation of the drive shaft 104 in an 
event of one of the motors 102 (e.g., the first motor 102(1)) 
becoming inoperable, such as the first motor 102(1) freezing 
or locking in a position due to failure caused by overheating 
or caused by other conditions or events. In some embodi 
ments, bearings may be coupled between the frame 108 and 
the drive shaft 104 to secure the drive shaft 104 in an axis 
112 of rotation. In various embodiments, the motors 102 
and/or the bearings 110 may secure the drive shaft 104 in the 
axis 112 of rotation. For example, use of the second motor 
102(2) or the second bearing 102(2) in the configuration 
shown in FIG. 1A may secure a position of the drive shaft 
104 and support the propeller 106, via the drive shaft 104, 
during radial eccentric loading. 
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(0025. As shown in FIG. 1A, the first motor 102(1) may 
be located on a first side 114 of the propeller 106 while the 
second motor 102(2) may be located on the second side 116 
of the propeller 106. However, the motors 102 may be 
located in other positions relative to the frame 108 and 
propeller. For example, the motors 102 are shown as located 
between opposing structures of the frame 108; however, the 
motors 102 may be located outside the opposing structures 
of the frame 108, for example. As another example, two 
more motors may be stacked on a same side of the propeller 
106. 

0026. During operation, the drive shaft 104 is subject to 
rotation up to a threshold number of revolutions per minute 
and up to a threshold torque, due to resistance caused by the 
propeller 106 moving air or other gases or fluids. The first 
motor 102(1) and/or the second motor 102(2) may be 
selected to operate at a maximum threshold torque that is 
less than the threshold torque, such that the combination of 
the motors 102 in operation reach or exceed design require 
ments for long term operation (e.g., continuous rotation of 
the drive shaft 104 and propeller 106 for up to a predeter 
mined amount of time or indefinitely). In the event that one 
of the motors 102 becomes inoperable, the operational 
motor may continue to rotate the drive shaft 104 and the 
propeller 106, but possibly for a time less than the prede 
termined amount of time. For example, a single motor may 
be operated for short periods of time at a capacity that results 
in excess heat, which if continued for more than a threshold 
amount of time, may cause the single motor to also fail and 
become inoperable. Thus, operation with a single motor may 
enable operations to be performed that do not require peak 
or near peak output (e.g., do not require lifting or climbing 
an aircraft in altitude), but may be used at lower outputs 
(e.g., to maintain a cruising altitude and/or Successfully land 
an aircraft). 
0027. In some embodiments, three or more motors may 
be coupled to the drive shaft 104. When one of the motors 
becomes inoperable, multiple motors may still operate to 
cause the rotation, which may enable use of motors having 
less power, Such that a sum of the maximum output of the 
motors reaches or exceeds the threshold torque, but possibly 
exceeds the threshold torque by less than implementations 
where fewer motors are used in the redundant aircraft 
propulsion system 100. 
(0028 FIG. 1B is an exploded perspective view of the 
illustrative redundant aircraft propulsion system 100 shown 
in FIG. 1, which show an illustrative assembly of compo 
nents of the redundant aircraft propulsion system 100. As 
shown in FIG. 2B, the first motor 102(1) may be located 
proximate to a first portion 104(1) of the drive shaft 104 
while the second motor 102(2) may be located proximate to 
a second portion 104(2) of the drive shaft 104. 
(0029. The bearings 110(1) and 110(2) may include bear 
ing housings 118 and a one-way clutch bearing 120, which 
is configured to rotate freely in one direction and prevent 
rotation in a second direction that is opposite the first 
direction. Thus, the one-way clutch bearing 120 may prevent 
rotation (in the second direction), which enables a motor to 
impart rotational force to the drive shaft 104 via the one-way 
clutch bearing 120. When a motor fails, the bearing freely 
rotates in the first direction as the other motor rotates the 
drive shaft 104. The bearings 110(1)-(2) may be barrel 
shaped or formed in other shapes to create a compact 
assembly or form-factor of the redundant aircraft propulsion 
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system 100. In some embodiments, the bearings 110 may be 
integrated with the motors 102 in a custom motor imple 
mentation. Thus the motors 102 may include the one-way 
clutch bearing 120, which may be coupled to the motor and 
possibly integrally formed with the motor prior to assembly 
of the redundant aircraft propulsion system 100. 
0030. The motors 102 may be brushless direct current 
(DC) motors and/or other types of motors that generated a 
desired speed of rotation of the drive shaft at a torque 
experienced during typical operation (e.g., a maximum 
operational torque). However, other types of motors may be 
used. Such as DC brush motors, alternating current (AC) 
motors, gasoline engines, and/or other types of rotation 
generating devices. In some embodiments, the first motor 
102(1) may be a different type of motor than the second 
motor 102(2). As discussed below, gearing systems may also 
be used, which may be included in the motors or driven by 
the motors. 
0031. The various components of the redundant aircraft 
propulsion system 100 may be coupled using any one of 
known coupling mechanisms and/or features, including 
threaded fasteners, adhesives, friction couplings, and/or 
other types of coupling mechanism/features. 
0032 FIG. 2 is a perspective view of an illustrative 
redundant aircraft propulsion system 200 using a stacked 
configuration of multiple motors to rotate the drive shaft 104 
coupled to the propeller 106. The first motor 102(1) and the 
second motor 102(2) may be located on a same side of the 
propeller 106, such as on the second side 116 of the propeller 
106. The motors 102(1)-(2) may be coupled to the frame 
108, possibly using a coupling support device 202. The 
coupling Support device 202 may secure a position of the 
first motor 102(1) relative to the second motor 102(2) and/or 
relative to the frame 108. The redundant aircraft propulsion 
system 200 may include the bearings 110(1)-(2), which may 
be located between the respective motors and the drive shaft 
104 to enable rotation of the drive shaft 104 in the event that 
one of the motors becomes inoperable. The motors 102(1)- 
(2) and/or the bearings 110(1)-(2) may secure the drive shaft 
104 in the axis 112 of rotation. 
0033. The redundant aircraft propulsion system 200 may 
be used in configurations where a first side 114 of the 
propeller is not adjacent to the frame 108, as shown in FIG. 
2. For example, when the propeller is used on a fore and/or 
aft side of a wing or fuselage of an aircraft and where the 
axis 112 is substantially aligned with the horizon of Earth 
during forward flight of the aircraft, the frame 108 may only 
be available for coupling on a single side of the propeller 
106. 

0034 FIG. 3 is a perspective view of an illustrative 
redundant aircraft propulsion system 300. The redundant 
aircraft propulsion system 300 may include the first motors 
102(1) and the second motor 102(2) which may rotate a first 
cogwheel 302(1) and a second cogwheel 302(2), respec 
tively, directly or using a shaft coupled to a respective 
cogwheel. The cogwheels 302(1)-(2) may engage a drive 
shaft cogwheel 304 and cause rotation of the drive shaft 
cogwheel 304 when at least one of the motors 102(1)-(2) is 
operational. The drive shaft cogwheel 304 is coupled to the 
drive shaft 104, which is coupled to the propeller 106. Thus, 
rotation of one or more of the cogwheels 302(1)-(2) results 
in rotation of the propeller. The drive shaft 104 may be 
secured in the axis 112 of rotation by bearings 306, which 
may be coupled to the frame 108. Although both motors are 
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shown in FIG. 3 as being located proximate to the second 
side 116 of the propeller 106, the motors could be located on 
either side or on both sides (using another drive shaft 
cogwheel), and/or in other locations relative to the propeller 
106 or the frame 108. 

0035. The cogwheels 302(1)-(2) may include cogs 308 
that engage corresponding drive shaft cogs 310 on the drive 
shaft cogwheel 304. The cogs 308 may be configured to 
engage the drive shaft teeth 310 during rotation of the 
cogwheels 302(1)-(2) in a first direction 312 and not engage 
the drive shaft teeth 310 during rotation of the cogwheels 
302(1)-(2) in a second direction that is opposite the first 
direction 312 (from the perspective of the drive shaft cog 
wheel 304). For example, the cogs 308 may be spring loaded 
and may only cause rotation of the drive shaft cogwheel 304, 
via the drive shaft teeth 310, during rotation in the first 
direction, but may be compressed by the drive shaft cogs 
310 and not cause rotation of the drive shaft cogwheel 304 
during rotation in the second direction (from the perspective 
of the drive shaft cogwheel 304). Using the spring loaded 
cogs, or other mechanisms that create a similar effect, the 
drive shaft 104 may rotate even when one of the motors 
102(1)-(2) becomes inoperable. Other mechanisms may 
enable the drive shaft 104 may rotate even when one of the 
motors 102(1)-(2) becomes inoperable, such as a mechanism 
that moves the inoperable motor and/or corresponding cog 
wheel to prevent the corresponding cogwheel from inhibit 
ing rotation of the drive shaft cogwheel 304, such as a clutch 
device. 

0036. In some embodiments, the cogwheels 302(1)-(2) 
may use the one-way clutch bearings to enable rotation of a 
first motor in the event that a second motor becomes 
inoperable. The one-way clutch bearings may be employed 
as described above, such as by interfacing between respec 
tive motors and corresponding shafts that drive the respec 
tive cogwheels. 
0037. In some embodiments, the at least one of the 
cogwheel 302(1), the cogwheel 302(2), or both have a 
different number of cogs than the drive shaft cogwheel 304 
to create a geared system. The geared system may enable 
gearing up or gearing down, and thus may increase or 
decrease a rotational speed of the drive shaft 104 compared 
to a rotational speed of one or both of the motors 102(1)-(2). 
0038 FIG. 4 is a flow diagram of illustrative process 400 
of powering the motors of the redundant aircraft propulsion 
system in response to detecting a failure of a motor. The 
process 400 may be performed by any redundant aircraft 
propulsion system described herein that uses two or more 
motors to rotate a drive shaft coupled to a propeller. The 
process 400 is illustrated as a collection of blocks in a logical 
flow graph, which represent a sequence of operations that 
can be implemented in hardware, Software, or a combination 
thereof. It should also be appreciated that the logical flow 
path depicted in FIG. 4 is not to be construed to indicate that 
the described process operations need be performed in any 
particular order unless otherwise expressly and unambigu 
ously stated as such elsewhere herein. Stated alternatively, 
the logical flow paths herein represent but a few of many 
possible orders which the steps may be performed. In the 
context of software, the blocks represent computer-execut 
able instructions stored on one or more computer-readable 
storage media (e.g., machine readable storage media) that, 
when executed by one or more hardware processors, per 
form the recited operations. Generally, computer-executable 
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instructions include routines, programs, objects, compo 
nents, data structures, and the like that perform particular 
functions or implement particular abstract data types. 
Embodiments may be provided as a computer program 
product including a non-transitory computer-readable stor 
age medium having Stored thereon instructions (in com 
pressed or uncompressed form) that may be used to program 
a computer (or other electronic device) to perform processes 
or methods described herein. The computer-readable storage 
medium may include, but is not limited to, hard drives, 
floppy diskettes, optical disks, CD-ROMs, DVDs, read-only 
memories (ROMs), random access memories (RAMs), 
EPROMs, EEPROMs, flash memory, magnetic or optical 
cards, Solid-state memory devices, or other types of media/ 
computer-readable medium Suitable for storing electronic 
instructions. Further, embodiments may also be provided as 
a computer program product including a transitory machine 
readable signal (in compressed or uncompressed form). 
Examples of machine-readable signals, whether modulated 
using a carrier or not, include, but are not limited to, signals 
that a computer system or machine hosting or running a 
computer program can be configured to access, including 
signals downloaded. The order in which the operations are 
described is not intended to be construed as a limitation, and 
any number of the described blocks can be combined in any 
order and/or in parallel to implement the process 400. 
0039. At 402, one or more controllers, such as electronic 
speed controls (ESCs), may power the first motor 102(1) and 
the second motor 102(2) to cause rotation of the drive shaft 
104 and rotation of the propeller 106 as described above. 
The motors may be powered at a first power setting. 
0040. At 404, the one or more controllers, a feedback 
circuit, and/or other device may detect failure of a motor, 
such as the first motor 102(1). However, the process works 
similarly upon failure of the second motor 102(2). The 
failure of the motor may cause the motor to be inoperable, 
and possibly be jammed, frozen, or otherwise incapable of 
rotation. 

0041 At 406, the one or more controllers may increase a 
power setting of the second motor 102(2) in response to the 
detection at the operation 404. The increase may cause the 
second motor to operate at more revolutions per minute for 
a given input than the first power setting used at the 
operation 402. By increasing the power setting for the 
second motor, the second motor may continue to rotate the 
drive shaft at a rotational speed that maintains a desired 
operation, such as continued flight of an aircraft, for 
example. In some embodiments where a feedback loop is 
used to determine a rotational speed of the drive shaft, the 
operation 406 may be omitted. 
0042. At 408, the one or more controllers, such as elec 
tronic speed controls (ESCs), may power the second motor 
102(2) at the increased power setting to cause rotation of the 
drive shaft 104 and rotation of the propeller 106 as described 
above, even when the first motor 102(1) is inoperable (e.g., 
frozen, nonfunctional, etc.). As described above, one-way 
clutch bearings, or other devices described herein that pro 
duce a similar effect, may enable the drive shaft to freely 
rotate despite the inoperability of the first motor. 
0043. At 410, the one or more controllers may update a 
flight plan when the motors operate a propeller of an aircraft. 
The update of the flight plan may include causing aircraft to 
execute a landing and/or limiting or updating performance 
expectations/thresholds for the aircraft (e.g., limiting climb 
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ing and/or limiting other power intensive operations). In 
some embodiments, the second motor 102(2) may be pow 
erful enough to continue flight of an aircraft without any 
change or without any significant change in the flight plan, 
such as when the second motor 102(2) is configured to 
operate at a maximum threshold torque that is less than a 
threshold torque, where the drive shaft is subject to rotation 
up to a threshold number of revolutions per minute and up 
to the threshold torque. 
0044 FIG. 5A is a perspective view of an illustrative 
redundant aircraft propulsion system 500. The redundant 
aircraft propulsion system 500 includes a closed propeller 
apparatus 502 that includes a first propeller 504 (sometimes 
referred to herein as a top propeller) coupled to a second 
propeller 506 (sometimes referred to herein as a bottom 
propeller) by a first tip connector 508(1) and a second tip 
connector 508(2). The first tip connector 508(1) may couple 
a first tip. 510 of the first propeller 504 to a second tip 512 
of the second propeller 506 to create a continuous structure 
joining the first propeller 504 to the second propeller 506. 
Likewise, the second tip connector 508(2) may couple 
adjacent tips of the propellers 504, 506. A cross-section of 
the tip connectors may resemble a tear drop or other aero 
dynamic profile that has minimal drag while having struc 
tural rigidity. 
0045 Although the first propeller 504 and the second 
propeller 5069 are shown as having two blades, the propel 
lers (and any other propeller described herein) may have 
more propellerblades, such as three blades, four blades, five 
blades, or more, which may be coupled together in a similar 
manner using corresponding tip connectors. A distance 
between the first propeller 504 and the second propeller 506 
may be selected to create optimal thrust from the respective 
propellers. 
0046 Use of the tip connectors 508(1)-(2) may reduce 
vortices created near the tips 510,512 of the propellers 504, 
506, which cause drag and slow the rotation of the propeller 
blades. The tip connectors 508(1)-(2) may also reduce noise 
caused by rotation of propellers. Further, the tip connectors 
508(1)-(2) reduce or eliminate deflection of the propellers by 
creating a Support structure to counteract forces that would 
otherwise cause deflection of the propellers, thereby improv 
ing propeller blade loading. Since both propellers are 
coupled together, the propellers will rotate at the same 
speed, which may eliminate a control feature used in some 
implementations that attempt to match rotational speed of 
different propellers. In some embodiments, the tip connec 
tors 508(1)-(2) may be formed of a malleable material 
and/or include one or more joints that enable at least one of 
the propellers to modify a pitch of blades of the propeller. 
0047. As shown in FIG. 5A, the first propeller 504 and 
the second propeller 506 may rotate about the same axis 112 
and may rotate in rotational planes that are parallel to one 
other. The closed propeller apparatus 502 may include the 
drive shaft 104, which may be coupled to the closed pro 
peller apparatus 502, and possibly integrally formed with the 
closed propeller apparatus 502. The drive shaft 104 may 
create additional Supporting structure for the closed propel 
ler apparatus 502, which is in addition to the tip connectors 
508(1)-(2), which also provide supporting structure for the 
closed propeller apparatus 502. 
0048. The drive shaft 104 may be coupled to the motors 
102(1)-(2), possibly via the one-directional clutch bearings 
110(1)-(2), as discussed above with reference to FIG. 1A. In 
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Some embodiments, the redundant aircraft propulsion sys 
tem 500 may include a single motor to rotate the drive shaft 
104 and, therefore, may not have the motor redundancy as 
described above with reference FIG. 1A. 

0049 FIG. 5B is a side elevation view of the redundant 
aircraft propulsion system 500 shown in FIG. 5A. The first 
propeller 504 may include a first pitch 514 while the second 
propeller 506 may include a second pitch 516. The pitch may 
be an angle of propeller blades rotated about an axis that is 
perpendicular to a line tangent to the drive shaft. The greater 
the pitch, the more air the propeller blades move during 
rotation. 

0050. In some embodiments, the first pitch 514 and the 
second pitch 516 may be fixed pitches and thus not config 
ured for movement of propeller blades with respect to a 
spinner (hub) or axis of rotation. The first pitch 514 and the 
second pitch 516 may or may not be equivalent. For 
example, the first pitch 514 may have a lesser angle (and 
thus move less air) than the second pitch 516. However, the 
first pitch 514 may be greater than the second pitch 516 in 
Some implementations. Use of propellers having different 
blade designs or profiles is discussed in more detail with 
reference to FIGS. 11 A-C. 
0051. In various embodiments, the first propeller 504, the 
second propeller 506, or both may be configured for variable 
pitch, such as by use of actuators that cause a pitch (or angle) 
of propeller blades to change relative to the spinner (hub) by 
mechanically rotating the blades about an axis that is per 
pendicular to a line tangent to the drive shaft. In such 
embodiments, the tip connectors 508(1)-(2) may include 
malleable portions 518 which may enable a change in the 
pitch of the blades of the first propeller 504, the second 
propeller 506, or both. The malleable structure 518 may be 
formed of rubber, plastic, and/or other malleable substances 
that enable Some deformation while still providing compres 
sion forces against the respective propellers and while 
generally maintaining a design profile. Such as curved radi 
uses 520. The curved radiuses 520 may be selected to 
minimize drag and/or minimize noise caused during rotation 
of the closed propeller apparatus 502. Thus, the malleable 
structure 518 enables movement of the pitch of the blades 
while maintaining the continuous structure joining the first 
propeller 504 and the second propeller 506. In various 
embodiments, the malleable structure 518 may enable a 
dynamic change to an offset between the first blade 504 and 
the second blade 506, which may be performed based on a 
rotational speed of the closed propeller apparatus, for 
example. Actuators may be used to move the propellers 
together or apart to vary the offset. 
0.052 FIG. 6 is a side elevation view of a redundant 
aircraft propulsion system 600 having a single motor 602. As 
shown, the redundant aircraft propulsion system 600 may 
include the frame 108 on a first side of the closed propeller 
apparatus 502 that is used in part to secure the motor 602. 
The drive shaft 104 may or may not extend between the first 
propeller 504 and the second propeller 506. For example, 
when the drive shaft 104 does not extend between the 
propellers, the tip connectors 508(1)-(2) may transfer rota 
tion imparted by the motor 602 to the first propeller 504 
when the motor 602 causes the second propeller 506 to 
rOtate. 

0053 FIG. 7 is a side elevation view of a redundant 
aircraft propulsion system 700. The redundant aircraft pro 
pulsion system 700 may include the first motor 102(1) and 
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the second motor 102(2) located between the first propeller 
504 and the second propeller 506. Location of the motors 
between the propellers may enable a smaller form factor (or 
envelope) to contain the redundant aircraft propulsion sys 
tem 700. In some embodiments, the redundant aircraft 
propulsion system 700 may include the one-way clutch 
bearings 110(1)-(2), which may be located between the 
motors and the propellers. 
0054 The redundant aircraft propulsion system 700 may 
include bearings 702 to secure a drive shaft 704 along the 
axis 112 of rotation. The drive shaft 704 may include a fixed 
body, possibly within a rotatable exterior body of the drive 
shaft 704, which is stationary and used to fix the motors to 
the frame 108. The fixed body may be used to power the 
motors while the rotatable exterior body may be coupled to 
the propellers and/or the one-way clutch bearings 110(1)-(2) 
to cause rotation thereof. However, other configurations may 
be used for the drive shaft 704, such as a configuration that 
has the fixed body outside of a rotating inner body. 
0055 FIG. 8 is a side elevation view of a redundant 
aircraft propulsion system 800 having a single motor 802 
positioned between the co-rotating propellers. In some 
embodiments, the single motor may be located outside of the 
closed propeller apparatus 502 rather than between the 
propellers 504, 506. In such instances, the frame 108 may 
not include a Support on each side of the closed propeller 
apparatus 502. 
0056 FIG. 9 is a side elevation view of a redundant 
aircraft propulsion system 900 having a plurality of joints 
that enable variable pitch operation of at least one of the 
propellers. In various embodiments, the first propeller 504, 
the second propeller 506, or both may be configured for 
variable pitch, Such as by use of actuators that cause a pitch 
(or angle) of propeller blades to change by mechanically 
rotating the blades about an axis that is perpendicular to a 
line tangent to the drive shaft. In such embodiments, a first 
joint 902 may be located on the tip connector 508(1) or 
between the tip connector 508(1) and the first tip 510. A 
second joint 904 may be located on the tip connector 508(2) 
or between the tip connector 508(2) and the second tip 512. 
Additional joints may be used to enable a smooth and 
continuous shape of the tip connectors 508(1)-(2), even after 
a change in pitch of one or more propeller blades. The 
additional joints may also be used to create a linkage as 
discussed below. In some embodiments, the joints may form 
a chain-like linkage that comprises many different movable 
parts. 

0057 The joints 902, 904 may enable a change in the 
pitch of the blades of the first propeller 504, the second 
propeller 506, or both. The joints 902, 904 may permit a 
change in the pitch of blades while generally maintaining a 
design profile of the closed propeller apparatus 502, such as 
the curved radiuses 520. The curved radiuses 520 may be 
selected to minimize drag and/or minimize noise caused 
during rotation of the closed propeller apparatus 502. Thus, 
the joints 902, 904 enable movement of the pitch of the 
blades while maintaining the continuous structure joining 
the first propeller 504 and the second propeller 506. In some 
embodiments, the joints 902, 904 may create a linkage 
system that enables a single actuator or actuators of the first 
propeller 504 to modify the pitch of blades of the second 
propeller 506 by mechanically transferring the changes of 
the pitch from the first propeller 504 to the second propeller. 
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0058. In some embodiments, the joints 902, 904 may 
enable rotation of the tip connector 508(1), the tip connector 
504(2), or both in a way that causes an air break, which may 
act to slow the rotational speed of the closed propeller 
apparatus 502. In various embodiments, modifications to the 
angle or orientation of the tip connectors relative to the 
propellers 504,506 may also result in different amounts of 
noise being generated during rotation of the closed propeller 
apparatus 502. In various embodiments, the joints 902,904 
may enable a dynamic change to an offset between the first 
blade 504 and the second blade 506, which may be per 
formed based on a rotational speed of the closed propeller 
apparatus, for example. Actuators may be used to move the 
propellers together or apart to vary the offset. 
0059 FIG. 10A-10C show an illustrative closed propeller 
apparatus 1000. FIG. 10A is a perspective view of the closed 
propeller apparatus. As shown in FIG. 10A, the closed 
propeller apparatus 1000 may include the first propeller 504 
and the second propeller 506 that are connected at tips via 
tip connectors 1002(1) and 1002(2), which create a continu 
ous structure, similar to the tip connectors 508(1)-(2). 
0060. The first propeller 504 may include a first longi 
tudinal axis 1004 while the second propeller 506 may 
include a second longitudinal axis 1006. As shown in FIG. 
10B, which is a top plan view of the closed propeller 
apparatus 1000, the first longitudinal axis 1004 may include 
an angle offset a 1008 such that the second propeller 506 
trails the first propeller 504 during rotation of the closed 
propeller apparatus 1000. However, in some embodiments, 
the angle offset a 1008 may be configured such that the first 
propeller 504 trails the second propeller 506 during rotation 
of the closed propeller apparatus 1000. FIG. 10C is a side 
elevation view of the closed propeller apparatus 1000. 
Stated another way, the angle offset a 1008 is an angular 
difference of the first propeller 504 and the second propeller 
506 in a plane of rotation of the propellers. When the angle 
offset a 1008 is greater than Zero, the first longitudinal axis 
1004 is not parallel to the second longitudinal axis 1006. 
0061 The angle offset a 1008 may cause the second 
propeller 506 to move thorough laminar or “cleaner” air than 
would otherwise happen when no angular offset is used (e.g., 
C=O). The angle offset a 1008 may be any angle up to 90 
degrees, however, angles over 45 degrees may be imprac 
tical due to constraints in creating long versions of the tip 
connectors 1002(1)-(2) to span across Such a distance and 
the extra weight and complexity involved with such a 
design. The angle offset a 1008 may be selected to create 
optimal thrust from the respective propellers. The use of the 
angle offset may also be incorporated with any of the other 
features discussed herein, including use of variable pitch or 
different propeller blade profiles (or designs), which is 
discussed immediately below. 
0062 FIG. 11A-11C show illustrative closed propeller 
apparatus 1100. The closed propeller apparatus 1100 
includes different propellers blade profiles. FIG. 11A is a 
perspective view of the closed propeller apparatus 1100. As 
shown in FIG. 11A, the closed propeller apparatus 1100 may 
include the first propeller 504 and the second propeller 506 
that are connected at tips via tip connectors 1102(1) and 
1102(2), which create a continuous structure, similar to the 
tip connectors 508(1)-(2). 
0063. The first propeller 504 may include a first blade 
profile (or design) 1104 while the second propeller 506 may 
include a second blade profile (or design) 1106. The blade 
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designs may cause the propeller to move air in a different 
way, which when properly tuned, may increase thrust gen 
erated by the closed propeller apparatus 1100. 
0064 FIG. 11B is a top plan view of the closed propeller 
apparatus 1100, while FIG. 11C is a side elevation view of 
the closed propeller apparatus 1100. The blade designs for 
the first propeller 504 and the second propeller 506 may be 
selected to create optimal thrust from the respective propel 
lers. In some embodiments, the blade profile may include a 
pitch of the blade, a length of the blade, a length of a pitched 
portion of the blade, a radius of the blade's leading edge 
and/or trailing edge, and/or other design factors for propeller 
blades. 

0065 FIG. 12 is a block diagram of an illustrative 
unmanned aerial vehicle (UAV) 1200. The UAV 1200 may 
be used to implement the various systems, devices, and 
techniques discussed above. In the illustrated implementa 
tion, the UAV 1200 includes one or more processors 1202, 
coupled to a non-transitory computer readable media 1220 
via an input/output (I/O) interface 1210. The UAV 1200 may 
also include a propeller motor controller 1204, power supply 
module 1206 and/or a navigation system 1208. The UAV 
1200 further includes an inventory engagement mechanism 
controller 1212, a network interface 1216, and one or more 
input/output devices 1218. 
0066. In various implementations, the UAV 1200 may be 
implemented using a uniprocessor System including one 
processor 1202, or a multiprocessor System including sev 
eral processors 1202 (e.g., two, four, eight, or another 
suitable number). The processor(s) 1202 may be any suitable 
processor capable of executing instructions. For example, in 
various implementations, the processor(s) 1202 may be 
general-purpose or embedded processors implementing any 
of a variety of instruction set architectures (ISAS), Such as 
the x86, PowerPC, SPARC, or MIPS ISAs, or any other 
Suitable ISA. In multiprocessor systems, each processor(s) 
1202 may commonly, but not necessarily, implement the 
same ISA. 

0067. The non-transitory computer readable media 1220 
may be configured to store executable instructions/modules, 
data, flight paths, and/or data items accessible by the pro 
cessor(s) 1202. In various implementations, the non-transi 
tory computer readable media 1220 may be implemented 
using any Suitable memory technology, such as static ran 
dom access memory (SRAM), synchronous dynamic RAM 
(SDRAM), nonvolatile/Flash-type memory, or any other 
type of memory. In the illustrated implementation, program 
instructions and data implementing desired functions. Such 
as those described above, are shown stored within the 
non-transitory computer readable memory as program 
instructions 1222, data storage 1224 and flight path data 
1226, respectively. In other implementations, program 
instructions, data and/or flight paths may be received, sent or 
stored upon different types of computer-accessible media, 
Such as non-transitory media, or on similar media separate 
from the non-transitory computer readable media 1220 or 
the UAV 1200. Generally speaking, a non-transitory, com 
puter readable memory may include storage media or 
memory media Such as flash memory (e.g., Solid State 
memory), magnetic or optical media (e.g., disk) coupled to 
the UAV 1200 via the I/O interface 1210. Program instruc 
tions and data stored via a non-transitory computer readable 
medium may be transmitted by transmission media or sig 
nals such as electrical, electromagnetic, or digital signals, 
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which may be conveyed via a communication medium Such 
as a network and/or a wireless link, Such as may be imple 
mented via the network interface 1216. 
0068. In one implementation, the I/O interface 1210 may 
be configured to coordinate I/O traffic between the processor 
(s) 1202, the non-transitory computer readable media 1220, 
and any peripheral devices, the network interface or other 
peripheral interfaces, such as input/output devices 1218. In 
some implementations, the I/O interface 1210 may perform 
any necessary protocol, timing or other data transformations 
to convert data signals from one component (e.g., non 
transitory computer readable media 1220) into a format 
Suitable for use by another component (e.g., processor(s) 
1202). In some implementations, the I/O interface 1210 may 
include Support for devices attached through various types 
of peripheral buses, such as a variant of the Peripheral 
Component Interconnect (PCI) bus standard or the Universal 
Serial Bus (USB) standard, for example. In some imple 
mentations, the function of the I/O interface 1210 may be 
split into two or more separate components, such as a north 
bridge and a South bridge, for example. Also, in some 
implementations, some or all of the functionality of the I/O 
interface 1210, such as an interface to the non-transitory 
computer readable media 1220, may be incorporated 
directly into the processor(s) 1202. 
0069. The propeller motor(s) controller 1204 communi 
cates with the navigation system 1208 and adjusts the power 
of each propeller motor to guide the UAV along a deter 
mined flight path. The power supply module 1206 may 
control the charging and any Switching functions associated 
with one or more power modules (e.g., batteries) of the UAV. 
0070. The navigation system 1208 may include a GPS or 
other similar system that can be used to navigate the UAV 
to and/or from a location. The inventory engagement mecha 
nism controller 1212 communicates with the actuator(s) or 
motor(s) (e.g., a servo motor) used to engage and/or disen 
gage inventory. For example, when the UAV is positioned 
over a level surface at a delivery location, the inventory 
engagement mechanism controller 1212 may provide an 
instruction to a motor that controls the inventory engage 
ment mechanism to release the inventory. 
0071. The network interface 1216 may be configured to 
allow data to be exchanged between the UAV 1200, other 
devices attached to a network, Such as other computer 
systems, and/or with UAV control systems of other UAVs. 
For example, the network interface 1216 may enable wire 
less communication between numerous UAVs. In various 
implementations, the network interface 1216 may support 
communication via wireless general data networks, such as 
a Wi-Fi network. For example, the network interface 1216 
may support communication via telecommunications net 
works such as cellular communication networks, satellite 
networks, and the like. 
0072 Input/output devices 1218 may, in some implemen 

tations, include image capture devices, infrared sensors, 
time of flight sensors, accelerometers, lights, speakers, and 
other input/output devices commonly used in aviation. Mul 
tiple input/output devices 1218 may be present and con 
trolled by the UAV 1200. One or more of these sensors may 
be utilized to assist in landings as well as avoiding obstacles 
during flight. 
0073. In various implementations, the parameter values 
and other data illustrated herein as being included in one or 
more data stores may be combined with other information 
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not described or may be partitioned differently into more, 
fewer, or different data structures. In some implementations, 
data stores may be physically located in one memory or may 
be distributed among two or more memories. 
0074 Those skilled in the art will appreciate that the 
UAV 1200 is merely illustrative and is not intended to limit 
the scope of the present disclosure. In particular, the com 
puting system and devices may include any combination of 
hardware or software that can perform the indicated func 
tions, including computers, network devices, internet appli 
ances, PDAs, wireless phones, pagers, etc. The UAV 1200 
may also be connected to other devices that are not illus 
trated, or instead may operate as a stand-alone system. In 
addition, the functionality provided by the illustrated com 
ponents may in some implementations be combined in fewer 
components or distributed in additional components. Simi 
larly, in Some implementations, the functionality of Some of 
the illustrated components may not be provided and/or other 
additional functionality may be available. 
0075 Those skilled in the art will also appreciate that, 
while various items are illustrated as being stored in memory 
or storage while being used, these items or portions of them 
may be transferred between memory and other storage 
devices for purposes of memory management and data 
integrity. Alternatively, in other implementations, Some or 
all of the software components may execute in memory on 
another device and communicate with the illustrated UAV 
1200. Some or all of the system components or data struc 
tures may also be stored (e.g., as instructions or structured 
data) on a non-transitory, computer-accessible medium or a 
portable article to be read by an appropriate drive, various 
examples of which are described above. In some implemen 
tations, instructions stored on a computer-accessible 
medium separate from the UAV 1200 may be transmitted to 
the UAV 1200 via transmission media or signals such as 
electrical, electromagnetic, or digital signals, conveyed via 
a communication medium Such as a wireless link. Various 
implementations may further include receiving, sending or 
storing instructions and/or data implemented in accordance 
with the foregoing description upon a computer-accessible 
medium. Accordingly, the techniques described herein may 
be practiced with other UAV control system configurations. 
0076 Although the subject matter has been described in 
language specific to structural features and/or methodologi 
cal acts, it is to be understood that the subject matter defined 
in the appended claims is not necessarily limited to the 
specific features or acts described. Rather, the specific 
features and acts are disclosed as illustrative forms of 
implementing the claims. 
What is claimed is: 
1. A propulsion device comprising: 
a drive shaft; 
a top propeller coupled to the drive shaft, the top propeller 

including a top first tip and a top second tip located at 
opposite ends of the top propeller, 

a bottom propeller coupled to the drive shaft, the bottom 
propeller including a bottom first tip and a bottom 
second tip located at opposite ends of the bottom 
propeller; 

a first tip connector that extends between the top first tip 
and the bottom first tip; 

a second tip connector that extends between the top 
second tip and the bottom second tip, the first tip 
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connector and the second tip connector creating con 
tinuous structure joining the top propeller and the 
bottom propeller; and 

a motor coupled to the drive shaft to rotate the drive shaft, 
the top propeller and the bottom propeller. 

2. The propulsion device as recited in claim 1, wherein at 
least one of the top propeller or the bottom propeller is 
configured to vary a pitch of blades, and wherein the first tip 
connector and the second tip connector comprise at least one 
of: 

a malleable portion of structure that enables movement of 
the pitch of the blades while maintaining the continu 
ous structure joining the top propeller and the bottom 
propeller; or 

one or more joints that enable movement of the pitch of 
the blades while maintaining the continuous structure 
joining the top propeller and the bottom propeller. 

3. The propulsion device as recited in claim 1, wherein the 
top propeller includes a top longitudinal axis and the bottom 
propeller includes a bottom longitudinal axis that is non 
parallel to the top longitudinal axis. 

4. The propulsion device as recited in claim 1, wherein the 
top propeller includes a top blade profile that is different than 
a bottom blade profile of the bottom propeller. 

5. The propulsion device as recited in claim 1, wherein the 
motor is a first motor, and further comprising second motor 
coupled to the drive shaft, wherein the first motor is located 
proximate to the top propeller and the second motor is 
located proximate to the bottom propeller. 

6. An apparatus comprising: 
a first propeller including a first tip and a second tip 

located at opposite ends of the first propeller, the first 
propeller associated with a first plane of rotation; 

a second propeller including a third tip and a fourth tip 
located at opposite ends of the second propeller, the 
second propeller associated with a second plane of 
rotation that is parallel to the first plane of rotation; 

a first tip connector that extends between the first tip and 
the third tip; and 

a second tip connector that extends between the second tip 
and the fourth tip, the first tip connector and the second 
tip connector creating continuous structure joining the 
first propeller and the second propeller. 

7. The apparatus as recited in claim 6, further comprising 
a drive shaft that couples the first propeller to the second 
propeller at an axis of rotation of the first and second 
propeller. 

8. The apparatus as recited in claim 7, wherein the drive 
shaft includes a first portion that extends outward from a first 
side of the first propeller and a second portion that extends 
outward from a second side of the second propeller that is 
opposite the first side of the first propeller, and further 
comprising: 

a first motor coupled to the first portion of the drive shaft; 
and 

a second motor coupled to the second portion of the drive 
shaft. 

9. The apparatus as recited in claim 8, further comprising: 
a first one-way clutch bearing coupled between the first 

motor and the drive shaft, wherein the first one-way 
clutch bearing enables the second motor to rotate the 
drive shaft when the first motor is inoperable; and 

a second one-way clutch bearing coupled between the 
second motor and the drive shaft, wherein the second 
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one-way clutch bearing enables the first motor to rotate 
the drive shaft when the second motor is inoperable. 

10. The apparatus as recited in claim 6, further compris 
1ng: 

a drive shaft that couples the first propeller to the second 
propeller; 

a first frame member; 
a first motor coupled to the drive shaft and the first frame 
member to cause rotation of the drive shaft relative to 
the first frame member; and 

a second frame member, and 
a second motor is coupled to the drive shaft and the 

second frame member to cause rotation of the drive 
shaft relative to the second frame member, 

wherein at least one of the first motor and the second 
motor is located between the first propeller and the 
second propeller. 

11. The apparatus as recited in claim 6, wherein the first 
propeller is configured to vary a pitch of blades, and wherein 
the first tip connector and the second tip connector are 
formed of a malleable material configured to permit move 
ment of the pitch of the blades while maintaining the 
continuous structure joining the first propeller and the sec 
ond propeller. 

12. The apparatus as recited in claim 6, wherein the first 
propeller is configured to vary a pitch of blades, and wherein 
the first tip connector and the second tip connector include 
one or more joints that enable movement of the pitch of the 
blades while maintaining the continuous structure joining 
the first propeller and the second propeller. 

13. The apparatus as recited in claim 6, wherein the first 
propeller includes a first blade profile that is different than a 
second blade profile of the second propeller. 

14. The apparatus as recited in claim 6, wherein the first 
propeller includes an angle offset from the second propeller 
in the first plane of rotation of the first propeller, the angle 
offset causing the first propeller to trail the second propeller 
during rotation. 

15. An unmanned aerial vehicle (UAV) comprising: 
a frame; 
a power source coupled to the frame; and 
at least one propulsion unit coupled to the frame and 

connected to the power Source, wherein at least one 
propulsion unit includes: 
a first propeller including a first tip and a second tip 

located at opposite ends of the first propeller, the first 
propeller associated with a first plane of rotation; 

a second propeller including a third tip and a fourth tip 
located at opposite ends of the second propeller, the 
second propeller associated with a second plane of 
rotation; 

a first tip connector that extends between the first tip 
and the third tip; 

a second tip connector that extends between the second 
tip and the fourth tip, the first tip connector and the 
second tip connector creating continuous structure 
joining the first propeller and the second propeller, 

a drive shaft that couples the first propeller to the 
second propeller; and 

a motor assembly coupled to the frame and the drive 
shaft, the motor powered by the power source and 
configured to rotate the drive shaft. 
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16. The UAV as recited in claim 15, wherein: 
the motor assembly comprises a first motor and a second 

motor, 
the drive shaft includes a first portion that extends out 
ward from a first side of the first propeller and a second 
portion that extends outward from a second side of the 
second propeller that is opposite the first side of the first 
propeller, and 

the first motor is coupled to the first portion of the drive 
shaft; and 

the second motor coupled to the second portion of the 
drive shaft. 

17. The UAV as recited in claim 15, wherein the first 
propeller is configured to vary a pitch of blades, and wherein 
the first tip connector and the second tip connector are 
formed of a malleable material configured to permit move 
ment of the pitch of the blades while maintaining the 
continuous structure joining the first propeller and the sec 
ond propeller. 

18. The UAV as recited in claim 15, wherein the first 
propeller includes blades having a first pitch that is different 
than a second pitch of blades of the second propeller. 

19. The UAV as recited in claim 15, wherein the first 
propeller includes an angle offset from the second propeller 
in the plane of rotation of the first propeller. 

20. The UAV as recited in claim 15, wherein the first 
propeller includes a first blade profile that is different than a 
second blade profile of the second propeller. 
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