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METHODS AND UNMANNED AERIAL VEHICLES

FOR LONGER DURATION FLIGHTS

CROSS REFERENCE TO RELATED APPLICATION

[0001]  The present application claims the benefit of priority to United States
Provisional Application No. 62/614,976, filed on January 8, 2018, the entire content of which
is incorporated herein by reference.

TECHNICAL FIELD

[0002]  The present application relates to unmanned aerial vehicles (UAVs), and more
particularly, to methods and UAVs for longer duration flights.

BACKGROUND

[0003] UAVs are used in various applications, such as taking aerial images, building
geographic models, survey and monitoring. For these applications, UAV's may need to fly for
a long time or over a long distance. To allow UAVs to do, one approach is to use a higher
capacity battery. However, the UAV may not be able to carry a battery of a large capacity. It
would be desirable to have methods and UAVs for longer duration flights.

SUMMARY

[0004] Embodiments of the present disclosure provide improved methods and UAVs
capable of longer duration flights. In at least one embodiment, the UAV includes a UAV body
assembly. Exemplary UAVs also include a flight control system (FCS) coupled to the UAV
body assembly. The UAV may further include a motor coupled to the UAV body assembly at
one end and coupled to a propeller at the other end. The FCS is communicatively connected to
the motor. In exemplary embodiments, the center of gravity (CG) of the UAV is at a point

between 21% and 25% of a mean aerodynamic chord (MAC) of the UAV. For example, the
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CG is at 23.5% or 24% of the MAC of the UAV for longer flight duration. The integrated FCS
may include a flight control computer (FCC), an attitude and heading reference system(AHRS)
communicatively connected to the FCC, a communication module communicatively
connected to the FCC; and an antenna communicatively connected to the communication
module, wherein the antenna is embedded in the UAV body assembly.

[0005] In embodiments consistent with the present disclosure, the UAV may also
include an adjustment assembly configured to adjust the CG at the point between 23% and
25% of the MAC of the UAV. The UAV may further include a pitot tube coupled to the UAV
body assembly, and a hook coupled to the UAV body assembly beneath the integrated FCS.
The hook is for use of launching from a launch rack. The pitot tube may be integrated together
with the hook to reduce a wind resistance of the UAV. The antenna, the pitot tube and the
hook may be aligned with a central axis of the UAV body assembly. The integrated pitot tube
and hook may cause a wind resistance substantially equal to a wind resistance of the pitot tube
or a wind resistance of the hook. The antenna may be embedded in the hook. The antenna may
be a flat antenna. The hook may be made of glass fiber.

[0006]  Also disclosed herein are methods for adjusting a CG of a UAV to achieve
long duration flights. Exemplary methods may include adjusting a position of at least one of a
payload, a battery, or a flight control system of the UAV to change the CG within a
predetermined range of a MAC of the UAV. In certain embodiments, the predetermined range
of the MAC of the UAV may be between 21% and 25% or between 23% and 25%. The
predetermined range of the MAC of the UAV may include a point at 23.5% or 24% of the

MAC of the UAV.
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[0007]  Itis to be understood that the foregoing general description and the following
detailed description are exemplary and explanatory only, and are not restrictive of the

inventions, as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008]  Reference will now be made to the accompanying drawings showing
exemplary embodiments of this disclosure. In the drawings:

[0009]  Fig. 1 illustrates a top view of an exemplary UAV for a longer duration flight,
according to some embodiments of the present disclosure.

[0010]  Fig. 2 is a schematic diagram of an exemplary adjustment assembly of a UAV
for a longer duration flight, according to some embodiments of the present disclosure.

[0011]  Fig. 3 illustrates a bottom view of an exemplary UAV for a longer duration
flight, according to some embodiments of the present disclosure.

[0012]  Fig. 4 illustrates an exemplary integrated pitot tube and hook of an exemplary
UAY for a longer duration flight, according to some embodiments of the present disclosure.

[0013]  Fig. 5A illustrates an exemplary antenna embedded in a body assembly of an
exemplary UAV for a longer duration flight, according to some embodiments of the present
disclosure.

[0014]  Fig. 5B illustrates an exemplary antenna embedded in a hook of an exemplary
UAY for a longer duration flight, according to some embodiments of the present disclosure.

[0015]  Fig. 5C illustrates an exemplary indentation for an embedded antenna of an
exemplary UAV for a longer duration flight, according to some embodiments of the present

disclosure.
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[0016]  Fig. 6 illustrates a side view of an exemplary UAV for a longer duration flight,
according to some embodiments of the present disclosure.

[0017]  Fig. 7 illustrates a side view of an exemplary UAV for a longer duration flight,
according to some embodiments of the present disclosure.

[0018]  Fig. 8 illustrates a front view of an exemplary UAV for a longer duration
flight, according to some embodiments of the present disclosure.

[0019]  Fig. 9 illustrates a rear view of an exemplary UAV for a longer duration flight,
according to some embodiments of the present disclosure.

[0020]  Fig. 10 illustrates a structural diagram of an exemplary UAV assembly for a
longer duration flight, according to some embodiments of the present disclosure.

[0021]  Fig. 11 is a schematic diagram of an exemplary removable left wing assembly,
according to some embodiments of the present disclosure.

[0022]  Fig. 12 is a schematic diagram of an exemplary removable left wing assembly,
according to some embodiments of the present disclosure.

[0023]  Fig. 13 is a schematic diagram of an exemplary UAV flight system assembly

for a longer duration flight, according to some embodiments of the present disclosure.

DETAILED DESCRIPTION

[0024]  Reference will now be made in detail to exemplary embodiments, examples of
which are illustrated in the accompanying drawings. The following description refers to the
accompanying drawings in which the same numbers in different drawings represent the same
or similar elements unless otherwise represented. The implementations set forth in the

following description of exemplary embodiments do not represent all implementations
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consistent with the invention. Instead, they are merely examples of apparatuses and methods
consistent with aspects related to the invention as recited in the appended claims.

[0025]  Fig. 1 illustrates a top view of an exemplary UAV 100 for a longer duration
flight, according to some embodiments of the present disclosure. UAV 100 includes a UAV
body assembly 110, a flight control system (FCS) 120, a payload 140, a left wing 171 and a
right wing 172, a left aileron 173 and a right aileron 174, a left winglet 161 and a right winglet
162, a left aileron controller 101 and a right aileron controller 102, a motor 150, and a
propeller 130. Payload 140 may be, for example, a camera or a multispectral camera. FCS 120
is coupled to UAV body assembly 110. Motor 150 is coupled to UAV body assembly 110 at
one end and coupled to propeller 130 at the other end. The FCS is communicatively connected
to motor 150. FCS 120 may be configured to control left aileron 173 and right aileron 174 by
servo motors connected to left aileron controller 101 and right aileron controller 102,
respectively.

[0026]  As shown in Fig. 1, a center of gravity (CG) 115 of UAV 100 may be

arranged at a point between 21% and 25% of a mean aerodynamic chord (MAC) Lyuc of the

UAV 100,ie.,0.21 < Lec < 0.25, where L¢g is a length from the CG to one end of the

Lymac

MAC at the leading edge of an aerofoil, and Lyc is a length of the MAC. In one example, a
UAYV 100 having a wingspan of 1.4 meters and a takeoff weight 2.2 kilograms may fly forty to
seventy minutes with the CG at the point between 21% and 25% of the MAC.

[0027]  In some embodiments, UAV 100 may include a CG at a point between 23%
and 25% of the MAC of UAV 100. For example, a UAV 100 having the wingspan of 1.4
meters and the takeoff weight 2.2 kilograms may fly at least sixty minutes with a CG at a point

between 23% and 25% of the MAC.
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[0028]  In some embodiments, UAV 100 may include a CG at 23.5% of the MAC of
UAYV 100. For example, a UAV 100 having a wingspan of 1.4 meters and the takeoff weight
2.2 kilograms may fly seventy minutes or more with the CG at the point at 23.5% of the MAC.
Alternatively, UAV 100 may include the CG is at 24% of the MAC of UAV 100 for a long
flight time. In this example, a UAV 100 having a wingspan of 1.4 meters and the takeoff
weight 2.2 kilograms may fly seventy minutes or more with the CG at the point at 24% of the
MAC.

[0029]  Fig. 2 is a schematic diagram of an exemplary adjustment assembly 200 of
UAYV 100 for longer duration flights, according to some embodiments of the present disclosure.
Adjustment assembly 200 is a frame that includes three positions at its two sides for fixing
FCS 120, payload 140, and/or a battery of UAV 100 in order to adjust the CG of UAV 100 at
a point between 21% and 25% of the MAC of UAV 100. The three positions of adjustment
assembly 200 include: fix points Al and A2, fix points Bl and B2, and fix points C1 and C2,
where a position by the fix points Al and A2 is closer to a head of UAV body assembly 110
than a position by the fix points C1 and C2.

[0030]  For example, when UAV 100 requires adjusting its CG towards 21% of the
MAC, FCS 120 may be fixed at the fix positions Al and A2. In contrast, when UAV 100
requires adjusting its CG towards 25% of the MAC, FCS 120 may be fixed at the fix positions
C1 and C2. Likewise, payload 140 and/or the battery of UAV 100 can also be fixed at
selectable fix points of their frames to adjust the CG of UAV 100. In some embodiments,
UAV 100 may include one or more frames similar to frame 200 for FCS 120, payload 140,
and/or the battery, respectively, to adjust the CG at the point between 21% and 25% of the

MAC of UAYV 100 for a flight duration longer than forty minutes. Alternatively, UAV 100
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may include one or more frames 200 for FCS 120, payload 140, and/or the battery,
respectively to adjust the CG at the point between 23% and 25% of the MAC of UAV 100 for
a flight duration longer than sixty minutes. In some embodiments, UAV 100 may include one
or more frames 200 for FCS 120, payload 140, and/or the battery, respectively to adjust the
CG at 23.5% or 24% of the MAC of UAV 100 for a flight duration of seventy minutes or more.

[0031] Fig. 3 illustrates a bottom view of an exemplary UAV for longer flight
duration, according to some embodiments of the present disclosure. UAV 100 includes UAV
body assembly 110, left wing 171 and right wing 172, left aileron 173 and right aileron 174,
left winglet 161 and right winglet 162, left aileron controller 101 and right aileron controller
102, motor 150, propeller 130, a hook 127, a pitot tube 129, payload 140, and a parachute 160.
Pitot tube 129 is coupled to UAV body assembly 110. Hook 127 is coupled to UAV body
assembly 110 beneath FCS 120. Hook 127 is for use of launching UAV 100 from a launch
rack. Pitot tube 120 may be integrated together with hook 127, which may reduce wind
resistance. For example, as shown in Figs. 3 and 4, pitot tube 129 and hook 127 are integrated
together and are of streamlined shapes, thereby protecting pitot tube 129 and reducing
unnecessary wind resistance.

[0032] In some embodiments, the FCS may include a flight control computer (FCC),
an attitude and heading reference system (AHRS) communicatively connected to the FCC, a
communication module communicatively connected to the FCC, an antenna 125
communicatively connected to the communication module. Antenna 125 may be embedded in
UAYV body assembly 100 to reduce unnecessary wind resistance of UAV 100.

[0033] In some embodiments, the FCC, antenna 125, pitot tube 129 and hook 127 are

aligned with a central axis 111 of UAV body assembly 110. For example, as shown in Fig. 3,
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integrated pitot tube 129 and hook 127 are arranged on central line 111 of body 110 while
payload 140, parachute 160, motor 150, and propeller 130 are also arranged on central line
111. Positioning payload 140, parachute 160, motor 150, and propeller 130 behind integrated
pitot tube 129 and hook 127 may help to balance UAV 100 and/or to reduce wind resistance
caused by these components.

[0034] Fig. 4 illustrates exemplary integrated pitot tube 129 and hook 127 of
exemplary UAV 100, according to some embodiments of the present disclosure. As shown in
Fig. 4, pitot tube 129 may be integrated or embedded in the front of hook 127. In some
embodiments, antenna 125 may be embedded in hook 127, as illustrated in Fig. 4, to reduce
wind resistance that antenna 125 may cause if antenna 120 is not embedded in UAV assembly
body 110 or hook 127. Antenna 125 may be implemented to be a flat antenna that can
facilitate installation of antenna 125 in hook 127. In some embodiments, hook 127 is made of
glass fiber that provides solid structure for launching from a launch rack. Use of glass fiber
has the benefit of not blocking signal transmissions from antenna 125, and is lightweight.

[0035] In some embodiments, integrated pitot tube 129 and hook 127 may cause wind
resistance substantially equal to the wind resistance of pitot tube 129 alone. For example,
when pitot tube 129 contains a windward side that can cover a windward side of hook 127,
integrated pitot tube 129 and hook 127 may cause wind resistance substantially equal to the
wind resistance of pitot tube 129 alone.

[0036] In some embodiments, integrated pitot tube 129 and hook 127 may cause wind
resistance substantially equal to a wind resistance of hook 127. For example, when pitot tube

129 contains a windward side that may not cover a windward side of hook 127, integrated
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pitot tube 129 and hook 127 may cause the wind resistance substantially equal to the wind
resistance of hook 127 that is integrated behind pitot tube 129.

[0037]  Fig. 5A illustrates exemplary antenna 125 embedded in UAV body assembly
110 of exemplary UAV 100, according to some embodiments of the present disclosure.
Antenna 125 is embedded in UAV body assembly 110. Specifically, antenna 125 is embedded
in UAV body assembly 110 and extended to hook 127. As discussed above, hook 127 may be
made of glass fiber to reduce interference. In addition, pitot tube 129 is aligned with antenna
125 along with central line 111, thereby reducing wind resistance.

[0038]  Fig. 5B illustrates exemplary antenna 125 embedded in hook 127 of
exemplary UAV 100, according to some embodiments of the present disclosure. Further to Fig.
SA, Fig. 5B illustrates how hook 127, pitot tube 129, and antenna 125 may be integrated. As
noted above in descriptions for Figs. 3, 4, and 5A, integrated pitot tube 129 and hook 127 may
reduce unnecessary wind resistance.

[0039] Fig. 5C illustrates an exemplary indentation 126 for embedded antenna 125 of
exemplary UAV 100, according to some embodiments of the present disclosure. Indentation
126 extends from a room 121 for FCS 120 and allows FCS 120 to transmit signals through
antenna 125 installed nearby. This exemplary configuration may improve signal transmission
efficiency by FCS 120.

[0040]  Figs. 6 and 7 illustrate two side views of exemplary UAV 100, according to
some embodiments of the present disclosure. As shown in Figs. 6 and 7, streamlined UAV
body assembly 110 may reduce certain wind resistance during flight. Upper surface of UAV

body assembly 110 is smooth, and therefore allows air to flow through smoothly.
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[0041] Fig. 8 illustrates a front view of exemplary UAV 100, according to some
embodiments of the present disclosure. As shown in Fig. 8, a windward side of UAV 110 may
have a small area, and those surfaces (i.e., UAV body assembly 110 and wings 171 and 172)
may be streamlined, thereby reducing wind resistance. In addition, integrated pitot tube 129
and hook 127 may inhabit a relatively small area on the windward side of UAV 100. This
configuration may reduce wind resistance of UAV 100.

[0042] Fig. 9 illustrates a rear view of exemplary UAV 100, according to some
embodiments of the present disclosure. As shown in Fig. 9, integrated pitot tube 129 and hook
127 may be aligned with a central line of UAV body assembly 110 of UAV 100. This
configuration may help balance UAV 100.

[0043] Fig. 10 illustrates a structural diagram of an exemplary UAV assembly,
according to some embodiments of the present disclosure. UAV 100 includes left wing 171
and right wing 172, left aileron 173 and right aileron 174, a payload cover 1004, a payload
frame 10035, a parachute cover 1006, a lower body assembly 1003, and a flight control system
cover 1002.

[0044]  Fig. 11 is a schematic diagram of an exemplary removable left wing assembly,
according to some embodiments of the present disclosure. The left wing assembly includes left
wing 171, left aileron 173, left winglet 161, two removable kits 1110 and 1120, and left-wing
controller 101. Removable kits 1110 includes a ping 1111, a removable ping 1112, and an O-
ring 1113. Removable kits 1120 includes a ping 1121, a removable ping 1122, and an O-ring
1123. O-rings 1113 and 1123 may tighten up a combination of the left wing assembly and

UAYV body assembly 110 firmly.

10
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[0045]  Fig. 12 is a schematic diagram of the exemplary removable left wing assembly,
according to some embodiments of the present disclosure. As shown in Fig. 12, ping 1111
may be less than 0.5 mm.

[0046]  Fig. 13 is a schematic diagram of an exemplary UAV flight system assembly,
according to some embodiments of the present disclosure. This exemplary UAV flight system
assembly includes a body assembly 1320, a system module 1340, and a payload camera 140.
Components of body assembly 1320 can be referred to Fig. 11. System module 1340 includes
pitot tube 129, a FCC 1341, a batter 1342, a parachute fixing plate 1343, a parachute open
servo 1344, parachute 160, motor 150, propeller 130, a left aileron servo 1345, and a right
aileron servo 1346. Payload 140 may comprise a camera, a multispectral camera, or a thermal
infrared camera. Left aileron servo 1345 is operatively coupled to left aileron controller 101.
Right aileron servo 1346 is operatively coupled to right aileron controller 102. FCC 1341 is
configured to control left aileron servo 1345 and right aileron servo 1346 to control left aileron
173 and right aileron 174 when UAV 100 needs to turn its flight direction, climb, or descent.

[0047]  Fig. 2 also illustrates an exemplary method for adjusting a CG of UAV 100
for longer duration flights, according to some embodiments of the present disclosure. The
method may include adjusting a position of at least one of payload 140, a battery, or FCS 120
of the UAV to change the CG within a predetermined range of the MAC of UAV 100. For
example, when UAV 100 requires adjusting its CG towards 21% of the MAC, one or more of
FCS 120, the battery, and payload 140 may be fixed at the fix positions Al and A2 in
corresponding frames of these components. In contrast, when UAV 100 adjusts its CG
towards 25% of the MAC, one or more of FCS 120, the battery, and payload 140 may be fixed

at the fix positions C1 and C2 in the corresponding frames. Accordingly, adjusting the position

11
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of at least one of payload 140, the battery, or FCS 120 of the UAV to change the CG at a point
between 21% and 25% of the MAC of UAV 100 may include changing fix positions of these
components among fix points Al and A2, Bl and B2, and C1 and C2.

[0048] In some embodiments, the method for adjusting the CG of UAV 100 for a
longer flight duration may include adjusting the CG to a point between 21% and 25% of the
MAC of UAV 100 by changing fix positions of those components among fix points Al and
A2, Bl and B2, and C1 and C2. Doing so may allow a flight duration more than forty minutes
Alternatively, a method for adjusting the CG of UAV 100 may include adjusting the CG to a
point between 23% and 25% of the MAC of UAV 100 by changing fix positions of those
components among fix points Al and A2, Bl and B2, and C1 and C2. Doing so may allow a
flight duration more than sixty minutes. In some embodiments, a method for adjusting the CG
of UAV 100 may include adjusting the CG to 23.5% or 24% of the MAC of UAV 100 by
changing fix positions of those components among fix points Al and A2, B1 and B2, and Cl1
and C2. Doing so may allow flight duration of seventy minutes or more.

[0049] It will be appreciated that the present disclosure is not limited to the exact
construction that has been described above and illustrated in the accompanying drawings, and
that various modifications and changes can be made without departing from the scope thereof.

It is intended that the scope of the application should only be limited by the appended claims.

12
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WHAT IS CLAIMED IS:

L. An unmanned aerial vehicle (UAV) for a long duration flight, the UAV
comprising:

a UAV body assembly;

a flight control system (FCS) coupled to the UAV body assembly; and

a motor coupled to the UAV body assembly at one end and coupled to a propeller at the
other end, wherein the FCS is communicatively connected to the motor,

wherein a center of gravity (CG) of the UAV is at a point between 21% and 25% of a

mean aerodynamic chord (MAC) of the UAV.

2. The UAV of claim 1, wherein the CG is at a point between 23% and 25% of the

MAC of the UAV.

3. The UAYV of claim 1, wherein the CG is at 23.5% of the MAC of the UAV.

4. The UAYV of claim 1, wherein the CG is at 24% of the MAC of the UAV.

3. The UAV of claim 1, wherein the UAV further comprises an adjustment assembly

configured to adjust the CG at the point between 21% and 25% of the MAC of the UAV.

6. The UAV of claim 2, wherein the UAV further comprises an adjustment assembly

configured to adjust the CG at the point between 23% and 25% of the MAC of the UAV.

13
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1. The UAYV of claim 6, wherein the adjustment assembly is configured to adjust a

position of at least one of a payload, a battery, or the FCS of the UAV to adjust the CG.

8. The UAYV of claim 1, wherein the FCS includes:

a flight control computer (FCC);

an attitude and heading reference system communicatively connected to the FCC;
a communication module communicatively connected to the FCC; and

an antenna communicatively connected to the communication module, wherein the

antenna is embedded in the UAV body assembly.

9. The UAYV of claim 8, further comprising:

a pitot tube coupled the UAV body assembly; and

a hook coupled to the UAV body assembly beneath the integrated FCS, wherein the hook
is for use of launching from a launch rack;

wherein the pitot tube is integrated together with the hook to reduce a wind resistance of

the UAV.

10. The UAV of claim 9, wherein the FCC, the antenna, the pitot tube and the hook

are aligned with a central axis of the UAV body assembly.

11. The UAYV of claim 9, wherein the integrated pitot tube and hook causes a wind

resistance substantially equal to a wind resistance of the pitot tube.

14
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12. The UAYV of claim 9, wherein the integrated pitot tube and hook cause a wind

resistance substantially equal to a wind resistance of the hook.

13. The UAYV of claim 9, wherein the antenna is embedded in the hook.

14. The UAYV of claim 13, wherein the flat antenna is embedded in the hook.

15. The UAYV of claim 9, wherein the hook is made of glass fiber.

16. The UAYV of claim 8, wherein the antenna is a flat antenna.

17. A method for adjusting a center of gravity (CG) of an unmanned aerial vehicle

(UAV) for a long duration flight, the method comprising:

adjusting a position of at least one of a payload, a battery, or a flight control system of the

UAY to change the CG within a predetermined range of a mean aerodynamic chord (MAC) of

the UAV.

18. The method of claim 17, wherein the predetermined range of the MAC of the

UAYV is between 21% and 25%.

19. The method of claim 17, wherein the predetermined range of the MAC of the

UAYV is between 23% and 25%.

15
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20. The method of claim 17, wherein the predetermined range of the MAC of the

UAYV includes a point at 23.5% or 24% of the MAC of the UAV.

16
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