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ABSTRACT OF DISCLOSURE

A deployment or hinge mechanism and, more particularly, a compact unmanned
aerial vehicle (UAV) wing deployment mechanism 1s provided. The deployment
mechanism includes a hinged mechanism that stows 1n a stacked configuration and

deploys 1n a level configuration.
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DEPLOYMENT MECHANISM

Field of the Invention

[0001] The invention is directed to a deployment or hinge mechanism and, more

particularly, to a compact unmanned aerial vehicle (UAV) wing deployment mechanism.
Background Description

[0002] For many reasons it is desirable to have a unmanned aerial vehicle (UAV) design
which can be easily folded into a compact configuration, then quickly formed into a flight
ready configuration. Many UAV wing deployment hinges, though, stow and deploy
wings at an uneven height. Wings that are flown at uneven heights cause aerodynamic

inefticiencies.

[0003] To minimize the height differences the wings are built as relatively thin airfoil
profiles. But, thin airfoil wings do not provide the efficient lift at low flight speed desired
for long loitering UAV systems. Instead, aeronautical engineers desire thick section
wings and clean aerodynamics for efficient low speed flight. When stowed the thick
section wings consume the same space as the body of the vehicle, which will consume

space needed for batteries and payload.

[0004] Also, the UAV needs to be packed into as small of a volume as possible. Because
of the large deployment of round launcher tubes, it is extremely valuable for the UAV to
pack into a round tube. These factors, aerodynamic design and small round packing form

factor are in opposition to each other. Accordingly, traditional folding techniques do not

work very well.

SUMMARY OF THE INVENTION

[0005] In an aspect of the invention, a deployment mechanism comprises a hinged
mechanism that stows in a stacked configuration and deploys in a level configuration. The
hinged mechanism includes an inner wing mount and an outer wing mount. The 1nner
wing mount includes a ramped guide slot which is structured to allow both rotational

movement and vertical movement with respect to the outer wing mount. The inner wing
1
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mounts are deployable by a pretensioning of a spring assembly, housed in a spring
housing. The spring assembly is a spring that 1s pretensioned then retained using set

screws. The set screws mount the outer wing mount to the spring housing. The
pretensioning of the spring assembly 1s transferred through a torque tube attached to the
inner wing mount. The single pin assembly is provided through pin guides of the inner
wing mount, the outer wing mount and the torque tube. The inner wing mount, the outer
wing mount and the torque tube are cylindrically shaped, and fit within the mount which
1s cylindrically shaped. The inner wing mount, the outer wing mount and the torque tube
are nested within the mount. The mount is attached to an aircraft frame. The inner wing
mount and the outer wing mount are deployable at different sweep angles. The torque
tube is attached to the inner wing by a pin and slot assembly, spline assembly, or a

keyway assembly. A bearing sleeve provided between the inner wing mount and the outer

wing mount. Aircraft wings are attached to the hinged mechanism.

[0006] In an aspect of the invention, a deployment mechanism comprises a hinged

mechanism that when deployed, an inner wing mount 1s rotated counter to an outer wing

mount, and deploys from a stacked configuration to a level configuration.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] The invention is described in the detailed description which follows, in reference

to the noted plurality of drawings by way of non-limiting examples of exemplary
embodiments of the present invention, in which like reference numerals represent similar

parts throughout the several views of the drawings, and wherein:

[0008] FIG. 1 shows an exploded view of a deployment mechanism in accordance with

aspects of the invention.

[0009] FIG. 2 shows a cross-sectional view of the deployment mechanism of FIG. 1 1n

accordance with aspects of the invention.

[0010] FIGS. 3a and 3b show alternative methods of transferring a load of a spring
assembly from a torque tube to an inner wing mount in accordance with aspects of the

1nvention.
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[0011] FIGS. 4a and 4b show alternative designs for inner wing mounts in accordance

with aspects of the invention.

[0012] FIG. 5 shows the deployment mechanism in a stowed configuration in accordance

with aspects of the invention.

[0013] FIG. 6 shows the deployment mechanism in a deployed configuration in

accordance with aspects of the invention.

[0014] FIG. 7a shows a front view of the deployment mechanism attached to a wing

assembly and in the stowed configuration in accordance with aspects of the invention.

[0015] FIG. 7b shows a side view of the deployment mechanism attached to a wing

assembly and in the stowed configuration in accordance with aspects of the invention.

[0016] FIG. 8 shows a front view of the deployment mechanism attached to a wing

assembly and in the deployed configuration in accordance with aspects of the invention.
DETAILED DESCRIPTION OF EMBODIMENTS OF THE INVENTION

[0017] The invention is directed to a deployment mechanism and, more particularly, to a
compact unmanned aerial vehicle (UAV) wing deployment mechanism. In embodiments,
the deployment mechanism employs a hinge that stows in a stacked configuration and
deploys in a level configuration. This deployment mechanism allows the wings of an
aircraft to have desirable airfoil profiles and deploy to even heights during flight, while
also allowing the aircraft to fold up small enough to fit into a launch tube, ¢.g., a launch
tube with a 3.5 ID. Also, the deployment mechanism has a reduced number of
components (compared to conventional systems) which should increase the reliability of

the entire system. For example, the deployment mechanism does not need additional

springs to clamp hinge sections together, amongst other features.

[0018] FIG. 1 shows an exploded view of a deployment mechanism and FIG. 2 shows a
cross-sectional view of the deployment mechanism of FIG. 1, in accordance with aspects

of the invention. Referring to FIGS. 1 and 2, in embodiments, the deployment

mechanism 100 is a multi-part spring-loaded mechanism held together by a single pin
3
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(e.g., pin 155) and guided by a pin guide (e.g., ramped pin guide 135b) from a stacked
configuration (e.g., see FIGS. 5 and 7a) to a level configuration (e.g., see FIGS. 6 and 8).

The deployment mechanism 100 requires no lubricant and little maintenance.

[0019] In embodiments, the deployment mechanism 100 incorporates a spring (e.g.,
spring assembly 115) to auto deploy aircraft wings quick enough to allow the aircraft
enough time to obtain flight control, e.g., after a 100+ G launch from a launch tube.
Advantageously, the hinge and spring mechanism 1s a self contained mechanism and 1s
easily removable or replaceable by use of a single mount (e.g., mount 150). For example,
the deployment mechanism can be mounted to the aircraft with only four screws,
although other mounting configurations are also contemplated by the present invention.
In this way, the deployment mechanism can be pre-assembled and transported for later

integration and sold separately as a single unit.

[0020] In embodiments, the deployment mechanism 100 stows wings of an aircraft in an
over-under configuration under tension and when released opens quickly into a level
flying configuration as further described herein. The configuration permits wing
deployment with low internal system forces which allow the system to operate with little
slop and quick motion. Also, the design is self-contained, e.g., provided in a nested
configuration (as shown, e.g., in FIG. 2), which can be quickly swapped in-field when

necessary. The deployment mechanism 100 can also be serviced in the field with simple

hand tools.

[0021] More specitically, the deployment mechanism 100 includes a spring housing 110
(e.g., cylindrical spring housing) which can be rotated independent of an inner wing
mount 135 to allow a wide adjustment in preload. In embodiments, the spring housing
100 can also rotate in unison with an outer wing mount 145 by fixing the outer wing
mount 143 to the spring housing 110 using set screws 120. More specifically, the set

screws 120 can be secured to openings (screw holes) 145b of the outer wing mount 145.

In this way, the spring housing 110 can drive the motion of wing release as described

further herein.

[0022] As with any of the components, the spring housing 110 can be made from
4
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aluminum or other lightweight and/or corrosion resistant materials. The spring housing
110, as with other components of the deployment mechanism 100, can be plated with
surface treatment to reduce friction. This allows the deployment mechanism 100 to
operate in harsh environments and require no lubricants. The spring housing 110, as with
other components of the deployment mechanism 100, can also include internal ribbing
structures giving the assembly the highest strength to weight ratio to maximize flight time
and durability. If more durability is required, the ribbing structure can be thickened or the

material altered to accommodate the structural requirements.

[0023] Still referring to FIGS. 1 and 2, a spring assembly 115 is housed within the spring
housing 110. The spring assembly 115 can be a spiral or coil spring made from spring
steel or other materials. In embodiments, the use of a coil spring can provide many
advantages including, e.g., uniform strength and equal stress distribution, as well as close

diameter tolerances.

[0024] In embodiments, the spring assembly 115 can be set to a predetermined load (or
pretension) by use of the set screws 120. By way of example, the spring tension 1s
adjustable by removing the set screws 120 on the spring housing 110 and reinstalling
them at certain intervals, as needed, when the spring assembly 115 is loaded to a certain
tension. In embodiments, the set screws 120 can be set at intervals of approximately
22.5° on the spring housing 110; although, other intervals are also contemplated by the

present invention. As described further herein, by pre-tensioning of the spring assembly

115, wing deployment can be provided in a quick motion.

[0025] Due to the plurality of openings (screw holes) 145a of the outer wing mount 145,
the set screws 120 can also fix the outer wing mount 145 to the spring housing 110 at any
of the different intervals. The plurality of openings 145a, e.g., screw holes at many
different locations, also facilitates the mounting of the outer wing mount 145 to

accommodate different sweep angles of the wings as described herein.

[0026] As further shown in FIGS. 1 and 2, the spring assembly 115 is attached to a

torque tube 125 (central spine). For example, in embodiments, the spring assembly 115

can be attached to the torque tube 125 through a slot 125a provided in the torque tube
5
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125. By attaching the torque tube 125 to the spring assembly 115, the load of the spring
assembly 115 can be transferred to an inner wing mount 135 to drive the motion of wing

release as described further herein.

[0027] In embodiments, the inner wing mount 135 can be rotated (to drive the motion of
wing release) by transferring the load of the spring assembly 115 to the inner wing mount
135 by a slot (pin guide) and pin mechanism, as one example. More specifically, a pin
130 can extend through horizontally openings (e.g., holes) 125b of the torque tube 125
and vertically oriented pin guides 135a of the inner mount 135 such that the inner wing
mount 135 and the torque tube 125 are locked together and will rotate in unison. As
should be understood, the vertically oriented pin guides 135a will also facilitate or allow
vertical movement of the inner wing mount 135 in order for it to be stowed in a raised,
stacked configuration and deployed to a lowered position. By having such connection,
the load, e.g., torque, from the preloaded spring 115 can be transferred by the torque tube
125 to the inner wing mount 135, thus deploying a wing mounted to the inner wing
mount 135. In alternative methods, a spline configuration (see, e.g., FIG. 3a) or keyway
configuration (see, e.g., FIG. 3b) can be used to lock the torque tube 125 to the inner

wing mount 135, thereby transferring the load of the spring assembly 115 to the inner

wing mount 135.

10028] As further shown in FIGS. 1 and 2, an optional sleeve bearing 140 can be
positioned between an outer wing mount 145 and the inner wing mount 135, which are
each mounted to a mount 150 by a single pin 155. The torque tube 125, which 1s
positioned inside the optional sleeve bearing 140, is also mounted to the mount 150 with
the single pin 155. In further optional embodiments, a sleeve bearing 140 can be

provided between the inner mount and the torque tube.

10029] More specifically, the mount 150 includes openings 150a and each of the sleeve
bearing 140, outer wing mount 145 and inner wing mount 135 include respective pin
guides (slots). For example, the sleeve bearing 140 and the outer wing mount 145 each
include horizontally oriented pin guides 140a, 145a, respectively; whereas, the inner wing

mount 135 includes a ramped pin guide 135b. A single pin 155 is inserted through each
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of the pin guides (slots) 135b, 140a, 145a, and the openings 150a of the mount 150 1n
order to mount these components to the mount 150. It should be understood by those ot
skill in the art that each of the sleeve bearing 140, outer wing mount 145 and inner wing

mount 135 and mount 150 are cylindrical in shape to facilitate rotational movement.

[(0030] In this configuration, shown more clearly in FIG. 2, the deployment mechanism
100 i1s a self contained mechanism, which can be easily assembly and disassembled by
simply inserting and removing, respectively, a single pin 155. Also, the entire assembly
can be removed and/or replaced as a single assembly by simply removing the mount 150
from an aircraft frame. In embodiments, the mount 150 can be mounted to an aircraft by
four screws, although other mechanisms are contemplated by the present invention. By
using such a simple mounting mechanism, the deployment mechanism can be pre-

assembled and transported for later integration and sold separately as a single unit.

[0031] In embodiments, the horizontally oriented pin guides 140a, 145a and ramped pin
guides 135b also allow independent rotational movement of each of the sleeve bearing
140, outer wing mount 145 and the inner wing mount 135 (with respect to the fixed

mount 150). This allows deployment and stowing of wings of an aircraft as shown, e.g.,

in FIGS. 7a, 7b and 8.

[0032] More specifically, the ramped pin guides 135b allow the inner wing mount 135 to

not only rotate, but also move in the vertical direction with respect to the entire assembly,

and more specifically outer wing mount 145. In this way, a wing attached to the mnner

wing mount 135 can be stowed in a stacked configuration and deployed to a level
configuration as further described herein. Also, the ramped pin guides 135b provide a
simple method to drive the vertical position of the wing relative to the wing rotation, 1.e.,

allow the wing mounts to rotate and follow prescribed vertical motions directly related to
rotational position. Moreover, the ramped pin guides 135b control the mount position
with minimal force, thus eliminating the need for bearings to control the position of the
wings. Instead, the nominal system friction is low enough that only a simple bushing

(e.g., optional sleeve bearing 140) and a low friction coating is required for smooth

operation.
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[0033] Still referring to FIGS. 1 and 2, in embodiments, the inner wing mount 135 and
the outer wing mount 145 will each include a mount 160 which is configured and
structured for mounting of a wing of an aircraft thereto. For example, the mount 160 can
be an outwardly extending projection with an opening 160a formed therein. A wing can
be positioned within the opening 160a and fixed into place with a screw fitted into hole

160b. Other configurations are also contemplated by the present invention.

[0034] In embodiments, the deployment mechanism 100 can be modified to allow wing
deployment in both the forward or backward orientation. Also, the deployment
mechanism 100 can be modified to obtain a wide range of deployed sweep angles desired
to meet aerodynamic requirements. For example, a wide range of deployed sweep angles
can be achieved by mounting the inner wing mount 135 by adjusting the length or
location of the ramped pin guides 135b. Alternatively or in addition, the deployed sweep
angles can be changed by mounting the outer wing mount 140 by adjusting the length or
location of the pin guides 145a. In this way, the pin guides 145a and 135b can be
provided at different locations or positions with respect to one another (and the fixed

mount 150), thus allowing the wings to be deployed (rotated) from the stacked

configuration to different sweep angles.

[0035] FIG. 5 shows the deployment mechanism 100 in a stowed configuration; whereas,
FIG. 6 shows the deployment mechanism 100 in a deployed configuration. As shown 1n
the stowed configuration of FIG. 5, the inner wing mount 135 and the outer wing mount
145 are provided in a stacked configuration; that is, the inner wing mount 135 is raised
above the outer wing mount 145 such that the mounts 160 are vertically aligned in a
stacked configuration. This stacked configuration is possible due to the ramped pin guide
135b and, more specifically, the ramped pin guide 135b sliding along the fixed pin 155
unit the fixed pin 155 is at lower portion of the ramped pin guide 135b. In this

configuration, the spring assembly 115 is provided in a pretension state, €.g., loaded state,

ready for wing deployment.

[0036] In FIG. 6, though, the inner wing mount 135 and the outer wing mount 145 are

provided in a deployed configuration; that is, the inner wing mount 135 and the outer

3
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wing mount 145 are deployed at a pre-determined sweep angle, with the mounts 160 of
both the inner wing mount 135 and the outer wing mount 145 being at a level position
(same height) along a common lateral axis. In this configuration, the spring assembly
1135 has rotated the inner wing mount 135 (via the torque tube 125) into the deployed
position, and the fixed pin 155 is now positioned at an upper portion of the ramped pin
guide 135b. That 1s, the inner wing mount 135 has been lowered by having the ramped
pin guide 135b ride along the fixed pin 155 (shown in FIGS. 1 and 2). Also, the outer
wing mount 145 has been rotated by virtue of being attached to the spring basket 110.

[0037] FIG. 7a shows a front view of the deployment mechanism attached to a wing
assembly and 1n the stowed configuration. FIG. 7b shows a side view of FIG. 7a. As
shown 1n FIGS. 7a and 7b, the aircraft wings 200 are mounted to the inner wing mount
135 and the outer wing mount 145 and are provided in a stacked configuration, e.g., over-
under configuration, under tension from the spring assembly 115 housed within the

spring housing 110.

[0038] FIG. 8 shows a front view of the deployment mechanism 100 1n the deployed
configuration in accordance with aspects of the invention. As shown 1n FIG. 8, the
aircraft wings 200 are mounted to the inner wing mount 135 and the outer wing mount
145 and are provided in a deployed configuration, e.g., at a same height along a lateral
axis “x”. In the forward deployment direction, the deployment can be about 105° with

respect to the stowed position; whereas, in the rear deployment direction, the deployment

can be about 75 ° with respect to the stowed position. It should be understood though

that other deployment angles are also contemplated by the present invention, depending
on the aircraft requirements, etc. These deployment angles can be easily adjusted by
simply fixing the inner wing mount 135 and/or the outer wing mount 145 at different
rotational positions (such that the pin guides are provided at different positions with

respect to one another). Also, the inner wing mount is rotated counter to the outer wing

mount, and deploys from a stacked configuration to a level configuration.

[0039] As should now be understood by those of skill in the art, the deployment

mechanism 100 is provided in a nested configuration, which can be provided in a
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cylindrical configuration, using a simple pin mechanism. The deployment mechanism
100 1s compact and weight efficient, while providing aerodynamic efficiency. The
deployment mechanism 100 can be easily redeployed without repeated maintenance by
simply pretensioning, e.g., loading, the spring assembly. The deployment mechanism
100 1s easily mounted to an aircraft as a single unit, without the need for additional
springs to clamp the hinge sections together. This leads to a reduced number of
components which increases system reliability. The deployment mechanism 100 can also
be easily adjustable to accommodate a wide variety of aircraft requirements. In addition,
the drive force of the spring assembly can be simply transferred with the torque tube.
There also 1s no impact to Autopilot HW due to level-wing tlight, and the system can be

factory adjusted and serviced as a line replacement unit (LRU).

[0040] It 1s noted that the foregoing examples have been provided merely for the purpose
of explanation and are in no way to be construed as limiting of the present invention.
While the present invention has been described with reference to exemplary
embodiments, 1t 1s understood that the words which have been used herein are words of
description and illustration, rather than words of limitation. Changes may be made,
within the purview of the appended claims, as presently stated and as amended, without
departing from the scope and spirit of the present invention in its aspects. Although the
present invention has been described herein with reference to particular means, materials
and embodiments, the present invention is not intended to be limited to the particulars

disclosed herein; rather, the present invention extends to all functionally equivalent

structures, methods and uses, and combinations thereof such as are within the scope of

the appended claims.

10
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CLAIMS:

1. A deployment mechanism, comprising a hinged mechanism that stows in a

stacked configuration and deploys in a level configuration.

2. The deployment mechanism of claim 1, wherein the hinged mechanism includes

an inner wing mount and an outer wing mount.

3. The deployment mechanism of claim 2, wherein the inner wing mount includes a

ramped guide slot which is structured to allow both rotational movement and vertical

movement of the inner wing mount with respect to the outer wing mount.

4. The deployment mechanism of claim 3, wherein the inner wing mount 1s

deployable by a pretensioning of a spring assembly, housed in a spring housing.

5. The deployment mechanism of claim 4, wherein the spring assembly is a spiral

spring that is pretensioned then retained using set screws.

6. The deployment mechanism of claim 4, wherein set screws mount the outer wing

mount to the spring housing.

7. The deployment mechanism of claim 4, wherein the pretensioning of the spring

assembly is transferred through a torque tube attached to the inner wing mount.

8. The deployment mechanism of claim 7, wherein the inner wing mount, the outer

wing mount and the torque tube are mounted to a mount with a single pin assembly.

9. The deployment mechanism of claim 8, wherein the single pin assembly 1s
provided through pin guides of the inner wing mount, the outer wing mount and the

torque tube.

11
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10. The deployment mechanism of claim 8, wherein the inner wing mount, the outer
wing mount and the torque tube are cylindrically shaped, and fit within the mount which

1s cylindrically shaped.

11. The deployment mechanism of claim 10, wherein the inner wing mount, the outer

wing mount and the torque tube are nested within the mount.

12. The deployment mechanism of claim 10, wherein the mount 1s attached to an

atrcraft frame.

13. The deployment mechanism of claim 10, wherein the inner wing mount and the

outer wing mount are deployable at different sweep angles.

14. The deployment mechanism of claim 7, wherein the torque tube 1s attached to the

inner wing by a pin and slot assembly.

15. The deployment mechanism of claim 7, wherein the torque tube 1s attached to the

inner wing mount by a spline assembly.

16. The deployment mechanism of claim 7, wherein the torque tube 1s attached to the

inner wing mount by a keyway assembly.

17. The deployment mechanism of claim 7, further comprising a bearing sleeve

provided between the inner wing mount and the outer wing mount.

18. The deployment mechanism of claim 1, wherein aircraft wings are attached to the

hinged mechanism.

19. A deployment mechanism, comprising a hinged mechanism that when deployed,
an inner wing mount is rotated counter to an outer wing mount, and deploys from a

stacked configuration to a level configuration.

12
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