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WING STRUCTURE AND ATTACHMENT TO FRAME FOR UNMANNED AERIAL
VEHICLES

CROSS REFERENCE TO RELATED APPLICATIONS

[0001] The present application is related to a U.S. Application entitled
"Assembly Systems and Methods for Unmanned Aerial Vehicles," Attorney Docket
Number XCOM 1 64174, filed on the same day.

BACKGROUND

[0002] 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 on
board. An unmanned vehicle may operate in a remote-control mode, in an autonomous
mode, or in a partially autonomous mode.

[0003] When an unmanned vehicle operates in a remote-control mode, a pilot or
driver that is at a remote location can control the unmanned vehicle by commands that are
sent to the unmanned vehicle via a wireless link. When the unmanned vehicle operates in
autonomous mode, the unmanned vehicle typically moves based on pre-programmed
navigation waypoints, dynamic automation systems, or a combination of these. Further,
some unmanned vehicles can operate in both a remote-control mode and an autonomous
mode, and in some instances may do so simultaneously. For instance, a remote pilot or
driver may wish to leave navigation to an autonomous system while manually performing
another task, such as operating a mechanical system for picking up objects, as an
example.

[0004] Various types of unmanned vehicles exist for different environments.
For instance, unmanned vehicles may operate in the air, on the ground, underwater, or in
space. Examples include quad-copters and tail-sitter unmanned aerial vehicles (UAV5s),
among others. Some unmanned vehicles operate in multi-environment operation.
Examples of such hybrid unmanned vehicles include an amphibious craft that is capable
of operation on land as well as on water, or a floatplane that is capable of landing on
water as well as on land. Other examples are also possible.

[0005] Some conventional UAVs include an inner structural frame and an outer
shell. The structural frame is built using a relatively strong, but also relatively heavy

material (e.g., steel, aluminum, hard plastic, etc.), while the outer shell is made of a
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lighter filler material (e.g., closed cell foam or other light polymer). Typically, the
structural frame is surrounded by the outer shell material.

[0006] With some conventional technologies, the structural frame is assembled
or manufactured first. Next, the outer shell (e.g., closed cell foam) is sprayed onto the
frame to give a shape to the UAV. The excess outer shell material is cut away to make
room for cables, engines, avionics, and other subassemblies. However, in some cases
removing the excess outer shell material may be difficult and time consuming, thus
decreasing the efficiency of the overall UAV manufacturing process.

[0007] Furthermore, the material of the frame and the material of the outer shell
may have different coefficients of thermal expansion (CTE). As a result, the frame and
the outer shell expand and contract at different rates as the temperature of the
environment changes causing manufacturing and assembly defects. In time, different
expansion rates may lead to bending of the frame, and, for a sufficiently high number of
the temperature cycles, to material fatigue and fracturing of the frame.

[0008] Accordingly, there remains a need for the systems and methods for
assembling UAVs having improved efficiency of the assembly and reduced stress on the

structural frame.

SUMMARY OF INVENTION

[0008a] According to a first aspect of the present invention, there is provided a
method for assembling an Unmanned Autonomous Vehicle (UAV), comprising:

connecting a wing spar with boom carriers to form an H-frame, wherein the wing
spar provides first mounting locations for securing horizontal propulsion units, and
wherein the boom carriers provide second mounting locations for securing vertical
propulsion units;

attaching a fuselage body to the wing spar;

attaching a pre-formed wing shell to the H-frame; and

attaching pre-formed boom shells to their corresponding boom carriers,

wherein the H-frame provides a structural frame for mounting the pre-formed
wing shell and the pre-formed boom shells, and wherein the pre-formed wing shell
includes grooves for housing the wing spar and the boom carriers.

[0008b] According to a second aspect of the present invention, there is provided a

method for assembling an Unmanned Autonomous Vehicle (UAV), comprising:
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connecting a wing spar with boom carriers to form an H-frame, wherein the wing
spar provides first mounting locations for securing horizontal propulsion units, and
wherein the boom carriers provide second mounting locations for securing vertical
propulsion units;
attaching a fuselage body to the wing spar;
attaching a pre-formed wing shell to the H-frame;
attaching pre-formed boom shells to the boom carriers; and
attaching at least one motor mount for the horizontal propulsion units to the
pre-formed wing shell, wherein an individual motor mount for a given one of the
horizontal propulsion units comprises:
a 2-piece C-shell, and
a fastener protruding through the 2-piece C-shell and through the wing
spar,
wherein the H-frame provides a structural frame for mounting the pre-formed
wing shell and the pre-formed boom shells, wherein the pre-formed wing shell comprises:
a wing body;
an upper wing skin; and
a lower wing skin,
and wherein the upper and lower wing skins are permanently attached to the wing
body by adhesion.
DESCRIPTION OF THE DRAWINGS
[0009] The foregoing aspects and many of the attendant advantages of inventive
technology will become more readily appreciated as the same become better understood
by reference to the following detailed description, when taken in conjunction with the
accompanying drawings, wherein:
[0010] FIGURE 1 is an isometric view of a UAV in accordance with an
embodiment of the present technology;
[0011] FIGURE 2 is an isometric view of a frame of a UAV in accordance with
an embodiment of the present technology;
[0012] FIGURE 3 is an isometric view of cable routing of a UAV in accordance
with an embodiment of the present technology;
[0013] FIGURE 4 is a partial isometric view of a UAV in accordance with an

embodiment of the present technology;
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[0014] FIGURE 5 is a cross-sectional view 5-5 of the UAV shown in Figure 4;

[0015] FIGURE 5A is an exploded cross-sectional view 5-5 of the UAV shown
in Figure 4;

[0016] FIGURE 6 is a cross-sectional view 6-6 of the UAV shown in Figure 4;

[0017] FIGURE 7 is a cross-sectional view 7-7 of the UAV shown in Figure 4;

[0018] FIGURE 8 is an isometric view of a wing in accordance with an
embodiment of the present technology; and

[0019] FIGURE 9 is a flow diagram of a method of assembly in accordance
with an embodiment of the present technology.

DETAILED DESCRIPTION

[0020] While illustrative embodiments have been described, it will be
appreciated that various changes can be made therein without departing from the spirit
and scope of the inventive technology. Briefly, the inventive technology is directed to
assembling and testing UAVs. In some embodiments, a wing spar and a boom carrier are
assembled to form a structural H-frame. The wing spar and the boom carrier may be
tubes made of, for example, carbon fiber, hard plastic, aluminum, or metal alloys. The
wing spar and the boom carrier may have pre-drilled holes for the subsequent attachment
of motor mounts.

[0021] In some embodiments, a wing shell and boom shells may be attached to
the H-frame by adhesive elements (e.g., adhesive tape, double-sided adhesive tape, glue,
etc.). Therefore, multiple shells are attached to the H-frame instead of having a
monolithic body sprayed onto the H-frame as in the prior art. In some embodiments, the
presence of the multiple shells reduces the CTE-induced stresses of the structural frame
of the UAV. As a result, the UAV may have better dimensional accuracy and/or
improved reliability.

[0022] Furthermore, in at least some embodiments, the same H-frame may be
used with the wing shell and/or boom shells having different size and/or design, therefore
improving the modularity and versatility of the UAV designs. Moreover, a fuselage of
the UAV may also be modular/interchangeable. The wing shell and/or the boom shells
may be made of relatively light polymers (e.g., closed cell foam) covered by the harder,
but relatively thin, plastic skins.

[0023] In some embodiments of the inventive technology, UAV subsystems

may be tested before the assembly of the UAV is completed. For example, components
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of the fuselage (e.g., avionics, battery unit, delivery units) may be electrically tested
before the fuselage is mounted to the H-frame. Furthermore, the motors and the
electronics of printed circuit boards (PCBs) may also be electrically tested before the
final assembly. Generally, the identification of the defective parts and subassemblies
early in the assembly process lowers the overall cost and lead time of the UAV.

[0024] FIGURE 1 is an isometric view of a UAV 1000 in accordance with an
embodiment of the present technology. The UAV 1000 includes a wing 110, booms 210,
and a fuselage 310. In some embodiments, the wing 110 carries horizontal propulsion
units 140, and the booms 210 carry vertical propulsion units 240. In operation, power for
the propulsion units may be provided from a battery compartment 310-1 of the fuselage
310. In some embodiments, the fuselage 310 also includes an avionics compartment 310-1,
an additional battery compartment (not shown) and/or a delivery unit 310-2 for handling
the payload.

[0025] In some embodiments, the booms 210 terminate in rudders 230 for
improved yaw control of the UAV 1000. The wings 110 may terminate in wing tips 111
for improved control of lift of the UAV.

[0026] The illustrated UAV 1000 includes a structural frame. Some
embodiments of the structural frame are discussed with reference to Figure 2 below.

[0027] FIGURE 2 is an isometric view of a structural frame 1100 (also referred
to as a "structural H-frame" or an "H-frame") of a UAV in accordance with an
embodiment of the present technology. The H-frame 1100 includes a wing spar 112 and
boom carriers 212. In some embodiments the wing spar 112 and the boom carriers 212
may be made of carbon fiber, hard plastic, aluminum, light metal alloys, or other
materials. The wing spar 112 and the boom carriers 212 may be connected with
clamps 114. The wing spar 112 may include predrilled holes 145 for horizontal
propulsion units, and the boom carriers 212 may include predrilled holes (hidden by
motor mounts 24?2 in this view) for vertical propulsion units.

[0028] In some embodiments, the fuselage 310 is removeably attached to the H-
frame (e.g., attached to the wing spar 112 by clamps 114). The removable attachment of
the fuselage 310 may improve quality and or modularity of the UAV. For example,
electrical/mechanical components of the fuselage 310 may be tested before attaching the
fuselage 310 to the H-frame and/or before attaching PCBs 214 to the boom carriers 212,

therefore eliminating defective parts/subassemblies prior to completing the UAV.
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Furthermore, different types/models of the fuselage 310 may be attached to the H-frame,
therefore improving the modularity of the design. The electrical cabling and routing of
the PCBs is discussed with reference to Figure 3 below.

[0029] FIGURE 3 is an isometric view of cable routing of a UAV in accordance
with an embodiment of the present technology. The power and/or control signals from
the fuselage 310 may be routed through cables 214-2 to PCBs 214. In the illustrated
embodiment, the UAV has four PCBs, but other numbers of PCBs are also possible. For
example, the UAV may include two PCBs, one per the boom. The PCBs carry electronic
components 214-1, for example, power converters, controllers, memory, passive
components, etc. In operation, the propulsion units of the UAV are electrically connected
to the PCBs.

[0030] FIGURE 4 is a partial isometric view of a UAV in accordance with an
embodiment of the present technology. Figure 4 includes cross-sections 5-5, 6-6, and 7-7.
The individual cross-sections are discussed with reference to Figures 5-7 below.

[0031] FIGURE 5 is a cross-sectional view 5-5 of the UAV shown in Figure 4.
In some embodiments, motor mounts 142 include a two-part C-clamp having an upper
segment 142-1 and a lower segment 142-2. In other embodiments, the motor mounts 142
may include different types of clamps. The two segments of the motor mount 142 may
be attached to the wing spar by a fastener 143, for example, a nut and bolt combination.
In some embodiments, the wing spar 112 includes pre-drilled holes for the fasteners 143.

[0032] The horizontal propulsion unit 140 may be attached to the motor
mount 142 by fasteners 144. In some embodiments, replacement of the propulsion unit is
facilitated by relatively easy removal of the fasteners 144. Furthermore, the same motor
mounts 142 may be suitable for different types of the horizontal propulsion units 140,
thus facilitating the modularity of the UAV.

[0033] FIGURE 5A is an exploded cross-sectional view 5-5 of the UAV shown
in Figure 4. During the assembly, the segments 142-1 and 142-2 of the motor
mounts 140 may be slid over the wing skins 119-1 and 119-2; aligned with the hole 145
in the wing spar 112; and then tightened with the fastener 143 through the wing spar and
clamped over the wing skins. In some embodiments, the wing skins 119-1 and 119-2
may be made of hard plastic to prevent or at least minimize compression of a wing
body 117, which may be made of closed cell foam or other light and relatively soft

polymer.
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[0034] The upper and lower wing skins 119-1/119-2 may be connected with a
wing skin clip 119-3 (e.g., structural tape, hard plastic element, metal clip, etc.). In some
embodiments, connecting the wing skins into a unitary structure improves structural
integrity (e.g., a resistance against torsion) of the wing. In other embodiments, forming
the upper and lower portions of the wing skin, as well as a connector segment (i.e., in
place of wing skin clip 119-3), as a single, unitary structure (not shown) also may
improve structural integrity.

[0035] In some embodiments, the upper wing skin 119-1 may be pre-assembled
with the wing body 117 by, for example, gluing. After assembling the wing shell 118
with the wing spar 112, the horizontal propulsion units may be connected to their
corresponding cabling using the space under the wing. Next, the lower wing skin 119-2
may be attached to the wing body 117 by, for example, gluing.

[0036] FIGURE 6 is a cross-sectional view 6-6 of the UAV shown in Figure 4.
In some embodiments, the wing shell includes an aileron 116 for controlling the roll of
the UAV. In some embodiments, the aileron 116 may be formed by weakening the wing
body 117 at the trailing edge of the wing. For example, a groove 116-1 may form a
flexible connection between the aileron 116 and the rest of the wing body 117.

[0037] FIGURE 7 is a cross-sectional view 7-7 of the UAV shown in Figure 4.
The plane of the cross-section passes through the axis of the boom carrier 212. The boom
carrier 212 may carry several vertical propulsion units 240 along its length. Furthermore,
the cables and the PCBs (not shown) also may be added to the boom carrier prior to
attaching the boom shell 218 for easier electrical routing and testing of the UAV. In
some embodiments, the boom shells 218 may be formed (e.g., molded) using light
polymers (e.g., closed cell foam). At the assembly time, the boom shells 218 may be
adhesively attached to the boom carrier by adhesive elements, for example, adhesive film,
adhesive tape, double-sided adhesive tape, glue, etc.

[0038] In some embodiments, the motor mounts 242 are preassembled onto the
boom carrier 212 prior to attaching a boom shell 218 to the boom carrier. The vertical
propulsion units 240 may be attached to the motor mounts 242 with fasteners 216, for
example, the bolt and nut combination. In some embodiments, holes 245 are pre-drilled
through the boom carrier 212 for easier assembly.

[0039] FIGURE 8 is an isometric view of the wing 110 in accordance with an

embodiment of the present technology. In some embodiments, the wing 110 is formed
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(e.g., molded) using light polymers (e.g., closed cell foam). The pre-made wing 110 may
include several grooves and/or opening that eliminate or at least reduce the need to cut
out the portions of the wing at the assembly time for, for example, cable routing, PCB
attachment, motor mount attachment, fit with the H-frame, etc. For example, the
wing 110 may include grooves 124 for mating with the wing spar 112 and grooves 125
for mating with the boom carriers 212. Furthermore, the wing 110 may include
notches 122 for the motor mount for the horizontal propulsion units to enable self-
fixturing during assembly. As a result, in at least some embodiments, attachment of the
components and routing of the cables of the UAV requires less time and effort. In some
embodiments, the pre-made wings 110 having differing shapes and/or sizes may be used
over the same H-frame.

[0040] FIGURE 9 is a flow diagram of a method of assembly in accordance
with an embodiment of the present technology. In some embodiments, the method may
include additional steps or may be practiced without all steps illustrated in the flow chart.
Furthermore, in some embodiments, the order of the steps listed may be changed.

[0041] The method starts in step 305, and continues to step 310. In step 310,
the fuselage is assembled. In some embodiments, the fuselage may include
compartments, for example, the battery compartment, the avionics compartment, an
additional battery compartment and/or the payload compartment. In some embodiments,
the fuselage may be electrically/mechanically tested before assembling it with the UAV.
In other embodiments, one compartment of the fuselage may be attached to the wing spar
first, followed by attaching the remaining compartments to the already-attached
compartment and/or to the spar.

[0042] In step 315, the motor mounts for the vertical propulsion units are
attached to the boom carriers. In some embodiments, the boom carriers may include
predrilled holes for attaching the motor mounts.

[0043] In step 320, the rudders are attached to the boom carriers. Generally, the
rudders improve the yaw control of the UAV.

[0044] In step 325, the wing spar and the boom carriers are connected to form
the H-frame. In some embodiments, the individual wing spar and/or the individual boom
carrier may include several structural elements. For example, the wing spar may

comprise several carbon tubes for, for example, improved structural integrity.
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[0045] In step 330, the fuselage is attached to the wing spar. The size/type of
the fuselage may be selected based on, for example, type of the task that the UAV needs
to perform. Such a variability of the size/type of the fuselage increases the modularity of
the UAYV design.

[0046] In step 335, the avionics, power supply, cable connections, etc., may be
tested. As explained above, the testing of the fuselage may have already been partially or
entirely performed in the earlier assembly steps.

[0047] In step 340, the PCBs may be attached to the boom carriers.
Furthermore, the cables may be routed and dressed throughout the UAV.

[0048] In step 345, the wing shell may be attached to the wing spar by, for
example, gluing. In some embodiments, the wing shell may already include the pre-
assembled upper wing skin.

[0049] In step 350, the horizontal propulsion units may be wired. In some
embodiments, the horizontal propulsion units may also be tested at this step, before being
attached to the wing.

[0050] In step 355, the lower wing skin may be attached to the wing shell by,
for example, gluing. In many embodiments, the cable routing and dressing, and attaching
the PCB to the boom are at least partially completed before this step.

[0051] In step 360, the upper and lower skins may be connected by one or more
wing skin clips. Generally, the wing skin clips improve the rigidity of the wing shell.

[0052] In step 365, the motor mounts for horizontal propulsion units are
attached to the wing spar. In some embodiments, a motor mount may be a two-piece C-
shell that clamps on the upper and lower skins of the wing shell. In some embodiments,
the motor mount is attached with the wing spar with a single fastener.

[0053] In step 370, the boom shells are attached to the boom carriers. In some
embodiments, by this step most or all of the cabling and PCB attachments has been
completed without the boom shells standing in the way.

[0054] In step 375, the horizontal propulsion units are attached to motor mounts
by, for examples, fasteners. In some embodiments, the horizontal propulsion units may
have already been electrically connected and tested.

[0055] In step 380, the vertical propulsion units are attached to motor mounts.
In some embodiments, the vertical propulsion units may have already been electrically

connected and tested. The method ends in step 385.
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[0056] Many embodiments of the technology described above may take the
form of computer-executable or controller-executable instructions, including routines
executed by a programmable computer or controller. Those skilled in the relevant art will
appreciate that the technology can be practiced on computer/controller systems other than
those shown and described above. The technology can be embodied in a special-purpose
computer, application specific integrated circuit (ASIC), controller or data processor that
is specifically programmed, configured or constructed to perform one or more of the
computer-executable instructions described above. Of course, any logic or algorithm
described herein can be implemented in software or hardware, or a combination of
software and hardware.

[0057] From the foregoing, it will be appreciated that specific embodiments of
the technology have been described herein for purposes of illustration, but that various
modifications may be made without deviating from the disclosure. Moreover, while
various advantages and features associated with certain embodiments have been
described above in the context of those embodiments, other embodiments may also
exhibit such advantages and/or features, and not all embodiments need necessarily exhibit
such advantages and/or features to fall within the scope of the technology. Accordingly,
the disclosure can encompass other embodiments not expressly shown or described

herein.
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CLAIMS

1. A method for assembling an Unmanned Autonomous Vehicle (UAV),
comprising:

connecting a wing spar with boom carriers to form an H-frame, wherein the wing
spar provides first mounting locations for securing horizontal propulsion units, and
wherein the boom carriers provide second mounting locations for securing vertical
propulsion units;

attaching a fuselage body to the wing spar;

attaching a pre-formed wing shell to the H-frame; and

attaching pre-formed boom shells to their corresponding boom carriers,

wherein the H-frame provides a structural frame for mounting the pre-formed
wing shell and the pre-formed boom shells, and wherein the pre-formed wing shell
includes grooves for housing the wing spar and the boom carriers.

2. The method of claim 1, wherein the boom carriers and the wing spar are
connected with clamps.

3. The method of claim 1, wherein the pre-formed wing shell comprises:

a wing body;

an upper wing skin; and

a lower wing skin.

4. The method of claim 3, wherein the upper and lower wing skins are
permanently attached to the wing body by adhesion.

5. The method of claim 1, wherein the pre-formed wing shell comprises a
wing body and an upper wing skin, the method further comprising:

attaching a lower wing skin to the wing body after attaching the pre-formed wing
shell to the H-frame.

6. The method of claim 5, further comprising:

after attaching the lower wing skin to the wing body, connecting the upper wing
skin and the lower wing skin with a wing skin clip.

7. The method of claim 3, wherein attaching the pre-formed wing shell to the
H-frame includes adhering the wing body to the wing spar.

8. The method of claim 4, further comprising:

attaching at least one motor mount for the horizontal propulsion units to the wing

spar.
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9. The method of claim 8, wherein an individual motor mount for a
horizontal propulsion unit comprises:

a 2-piece C-shell, and

a fastener protruding through the C-shell and through the wing spar.

10. The method of claim 9, wherein attaching the at least one motor mount
comprises:

sliding the 2-piece C-shell over the upper and lower wing skins; and

clamping the 2-piece C-shell to the pre-formed wing shell by tightening the 2-
piece C-shell.

11. The method of claim 8, further comprising:

attaching one of the horizontal propulsion units to the at least one motor mount.

12.  The method of claim 1, further comprising:

attaching a plurality of printed circuit boards (PCBs) to the boom carriers.

13. The method of claim 12, wherein the PCBs are attached with electrical
cables to the fuselage.

14. The method of claim 12, further comprising:

after attaching the PCBs to the boom carriers, attaching pre-formed boom shells to
the boom carriers.

15. The method of claim 14, wherein the pre-formed boom shells are adhered
to their corresponding boom carriers.

16.  The method of claim 14, wherein the PCBs remain at least partially
exposed after attaching the pre-formed boom shells to the boom carriers.

17. The method of claim 12, further comprising:

attaching vertical motor mounts to the boom carriers; and

attaching vertical propulsion units to the vertical motor mounts.

18.  The method of claim 17, further comprising:

electrically connecting the vertical propulsion units to the PCBs; and

running electrical tests of the vertical propulsion units.

19.  The method of claim 1, wherein the wing spar is a carbon fiber tube with
pre-drilled holes.

20. The method of claim 1, wherein the boom carriers are carbon fiber tubes
with pre-drilled holes.

21.  The method of claim 1, further comprising:
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prior to attaching the fuselage body to the wing spar, testing electrical and/or
mechanical components of the fuselage body.
22.  The method of claim 1, further comprising:
replacing the fuselage body with another fuselage body while keeping the same
H-frame.
23. A method for assembling an Unmanned Autonomous Vehicle (UAV),
comprising:
connecting a wing spar with boom carriers to form an H-frame, wherein the wing
spar provides first mounting locations for securing horizontal propulsion units, and
wherein the boom carriers provide second mounting locations for securing vertical
propulsion units;
attaching a fuselage body to the wing spar;
attaching a pre-formed wing shell to the H-frame;
attaching pre-formed boom shells to the boom carriers; and
attaching at least one motor mount for the horizontal propulsion units to the wing
spar, wherein an individual motor mount for a given one of the horizontal propulsion
units comprises:
a 2-piece C-shell, and
a fastener protruding through the 2-piece C-shell and through the wing
spar,
wherein the H-frame provides a structural frame for mounting the pre-formed
wing shell and the pre-formed boom shells, wherein the pre-formed wing shell comprises:
a wing body;
an upper wing skin; and
a lower wing skin,

and wherein the upper and lower wing skins are permanently attached to the wing

body by adhesion.
24. The method of claim 23, wherein attaching the at least one motor mount
comprises:

sliding the 2-piece C-shell over the upper and lower wing skins; and
clamping the 2-piece C-shell to the pre-formed wing shell by tightening the 2-
piece C-shell.

25.  The method of claim 23, further comprising:
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attaching a plurality of printed circuit boards (PCBs) to the boom carriers; and
after attaching PCBs to the boom carriers, attaching the pre-formed boom shells to

the boom carriers.

26. The method of claim 25, wherein the PCBs remain at least partially

exposed after attaching the pre-formed boom shells to the boom carriers.



