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DEPLOYABLE PROPELLER

BACKGROUND

{0001} The mvention relates generally to propellers for UAVs (unmanned aerial vehicles) and
more particularly to collapsible propeliers.

{6002 Collapsible, or folding, propeliers are known in the prior art. Most commonly, prior art
folding propellers use a single mechanical hinge close to the yoke of the propelier to deploy cach
blade. As shown in FIGS, 1A and 1B, a prior art folding propeller 10 includes one or more
blades 12, cach attached to a central yoke 16 by means of a hinge 14. Central yoke 16 is attached
to shaft (not shown) which connects to a motor for causing rotation of propeller 10. FIG. 1A
shows propeller 10 1n a folded configuration, while FIG. 1B shows propeller 10 in an opened
configuration.

{3003} Single hinge 14 in each blade 12 does not allow blade 12 to completely conform to the
surface upon which it is stowed. Depending on the application, the stowed surface may have a
varicty of forms, including the nosc of an atreraft, for example. Because of the required twist in
the blade, an acrodynamically-designed blade is not flat, and a single hinge does not permit the
blade to follow an arbitrary curvature. Additionally, the diameter of the yoke used in prior art
folding propeliers represents lost propeller disk area, and this can be significant if hinging at
larger radit is required.

{0004] Thus, a need exists for more flexibility and better shape conformity in folding propellers.
A need further exists for a folding propeller with a smaller central yoke and an improved hinging

mechanism.
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SUMMARY

{6005 The invention in one implementation encompasses a propeller which can be folded and
stowed in compact form and then deployed for powered flight. Each blade is composed of
multiple segments which are disengaged when stowed and then interlock when deployed to form
an efficient blade. The segmented deployable propeller retains all effective area to the spinner
radius.

{6006] Onc implementation of the invention is a deployable propeller having a central hub, two
or more blades, each rotatably connected to said central hub by a hinge where cach blade further
comprising two or more segments, {lexibly connected to each other using a tensile material such
that the blade folds out of the plane of rotation for storage.

{6007} In a further embodiment, the deployable propeller includes a telescoping faring covering
satd hinge, said faring resting in a channel in the central hub when the propeller is stored, said
faring further sliding over said hinge to cover a gap between the central hub and the first segment
when the propeller ts deployed.

{6008] In a further embodiment, the invention encompasses a collapsible propeller blade having
two or more segments and a flexible hinge connecting adjacent segments,

{608%] In any of the above embodiments, adjoining edges of each segment have complementary
curvatures, such that mating segments of each blade interlock when the propeller is deployed.
The tensile material may be a flexible cloth or tape hinge connecting at least cach segment. In an
alternative, the tensile material may be one or more tensile fibers that extend through the center
of each segment. In a further embodiment, the tensile fibers are connected to a spool in the
central hub, said spool used to maintain tension on the tensile fiber when the propeller is

deployed.
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{0010} In any of the above embodiments, a hub facing surface of cach segment inciudes a hook
and a tip facing surfacc of cach segment further comprises a slot for receiving the hook from a
mating segroent as the propeller is deployed, wherein the blade segruents are held in place an
aligned correctly.

{6011} In any of the above embodiments, adjoining edges of cach segment have complementary
curvatures, such that mating segments of cach blade interlock when the propeller blade is
deployed.

{6012} Another implementation of the invention encompasses an atreraft having a fuselage and a

deployable propeller as described above.

BESCRIPTION OF THE DRAWINGS

{0013} Features of example implerventations of the invention will become apparent from the
description, the claims, and the accompanying drawings in which:

{0014} FIG. 1A shows a prior art folding propeller in a folded configuration.

{0015} FIG. 1B shows a prior art folding propeller in a deployed configuration.

{6616} FIG. 2A shows a top view of an embodiment of a deployable propeller according to the
present invention.

{6017} FIG. 2B shows a side view of the deployable propeller of FIG. 2A.

{6018} FIG. 3 shows an alternative emnbodiment of the deployable propeller of FIG. 2A,

{6019] FIGS. 4A and 4B shows a telescoping faring for use with the propeller of FIGS. 2A, 2B
and 3,

10020} FIG. 4C shows a side view of the propeller of FIGS. 4A and 4B.
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DETAILED DESCRIPTION

{6021} A deployable propeller is described which features blades having two or more segments,
that are interconnected by flexible, high strength tensile fibers. The fibers permit the blades of
the propelier to fold and conform to arbitrarily-curved surfaces for stowage. The segments are
designed to unfold into the plane of rotation ounce rotation is begun, and interlock by chevron,
curved, or other shaped interfaces which cause each segment to key into its unigue position,
setting the desired blade segment angle. When the propeller rotates, the segments are held in
place by the tensile fibers as will be described in connection with several embodiments below.
{6022] A deployable propeller 20 according to an embodiment of the present invention is shown
in FIGS. 2A and 2B. FIG. 2A shows a top view of propeller 20. Although two blades are shown,
any number of blades could be used depending on the application. Blades 22 include an outer
most section 26d which is attached to central yoke 24 by a phurality of hinged scgments 26a, 26b
and 26¢. As shown in FIG. 24, the segments have interlocking contours that cause blade 22 to
auto-align when deployed. Although a v-shaped contour is depicted, any contour that causes the
segments to nest in a unique position could be used.

{6023} FIG. 2B shows a side view of propeller 20 of FIG. 2A. Segments 26a, 26b, 26¢ and 26d
are connected by means of a {lexible hinge 28. Hinge 28 can be made from, for example, high-
tensile strength fibers, cloth or tape. Hinge 28 is shown as separate hinges between each segment
but could also be one single component along the length of the blade. These tensile components
are flexible enough to allow the fibers between blade segments to bend while the propeller is not
rotating. Although a blade with four segments is shown, any number of segments greater or less
than four can be used. Increasing the number of blade segments increases the conformity to the

stowing surface, for example the nose of an aircraft as indicated at 30, significantly reducing the
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volume required for the stowed blade. This feature also reduces the aerodynamic drag of the
propelicr if the propeller s collapsed during flight, for example, while gliding.

{0024} In both of FIGS. 2A and 2B, a relatively flat blade is depicted for ease of representation
and to effectively illustrate the inventive conecepts. Any shape of the blade or degree of twist may
be used. Likewise, the hinges between segments may be at an angle on a twisted blade so that
when folded, the blade follows a radial line in order to get the best flatness when stowed. In other
words, the blade spirals around the nose of the aircraft when folded. The shape and twist of the
blade depends on the application of the aircraft and what flexibility is required.

{0025} In a preferred embodiment, the hinge is located on the back, or pressure, side of the
propelicr. In other words, on the side away from the direction of thrust, In this configuration, the
collapsed blades are capable of folding down over a large variety of shapes and structures. The
segmented blade of the current invention allows the stowed propeller to conform to a smaller
space than current single-hinge designs, and allows the deployed blade to have a more
acrodynamically cfficient shape than single-hinged blades. Acrodynamic forces or thin sirips of
spring material can position the blade to a preferred position, overcoming for instance, the blade
weight. When employed as a “pusher propeller” the hinge would need to be on the suction side
to allow the blade to fold forward, or a hook interlocking segment described below, would be
used.

{0026} In an alternative embodiment, the mating surfaces of the blades have hook-shaped,
interlocking portions to hold the segments in place and assist in alignment of the blade segments,
as shown in FIG. 3. Representative segments 26a and 26b from FIG. 2A, for example, are shown
connected by hinge 28. Hook 40 is attached to segment 26b and is inserted into slot 42 in

segment 26a as the propeller is deployed.
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{0027] Another embodiment of the invention is shown in front view in FIGS. 4A and 4B. In this
embodiment, the segments are arranged on one or more tensile fibers 52 near the center of blade
segments 26a, 26b, 26¢ and 26d. Telescoping {aring 54 is a sleeve that slides over the hinge (not
shown) to cover gap 50 that forms when all the segments are extended during rotation. Prior to
deployment, faring 54 would be located as shown in FIG. 4B. Faring 54 is located inside central
yoke 24 around propeller base 56. As blade 22 begins to rotate and deploy, centrifugal forces
would act on faring 54 to cause it to slide out of channel 46 as shown in FIG. 4A, which depicts
so that it nests in notch 48 of segment 26a and covers gap 50. A side view of central yoke 24 is
shown in FIG. 4C. In an alternative embodiment, innermost segment 26a is designed to slide into
the central yoke 24 a short distance to provide the slack in tensile fibers 40 nceded for
manipulating the propeller for stowage. This would eliminate the need for a separate sleeve, or
faring.

{6028] In yet another alternative configuration, a deployable propeller as shown in FIGS. 4A
and 4B, having tensile fibers near the center of the blades, adjusts each fiber length via a spool
at the hub that rotates to take up the excess fiber and applies a tension to the fiber. Alternatively,
the fiber can be adjusted via rotation. Although the deployable propeller according to the present
invention has been shown in a folded configuration, in a further embodiment the blade segments
would be rolled into a coiled shape if the airfoil required can be achieved with a cambered, thin
material.

{0029] This deployable propeller is suitable for UAVs and aircraft which must deploy a
propelier during flight. The inventive deployable propeller concept is useful in aircraft that
requirc a storable propeller that can also be deploved during flight. Further, using flexible

material as a hinge cornbined with a segmented blade allows more compact stowage and a more
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efficient blade shape. It is also mechanically simpler than a conventional hinge (does not apply to
the hook type).

{0036 If used and unless otherwise siated, the terms "upper,” "lower,” "front,” "back,” "over,”
"ander,” and similar such terms are unot to be construed as Hmiting the invention to a particular
orientation. Instead, these terms are used only on a relative basis,

{0031} An illustrative description of operation of the apparatus 100 is presented, for explanatory
purposes,

16032} In a first scenario, an aircraft is launched with the propeller in a collapsed configuration,
for example, from a tube or other storage container. The propeller is deployed after launch and
stays under power for the entire mission. When launching the aircraft from a container, it is very
beneticial to be able to collapse the aircraft into as small a diameter as possible.

{6033] In a second scenario, an aircraft is launched similarly to the first scenario; the propeller is
deployed, folded during flight, and redeployed in one or more cycles as required for the
remainder of the mission,

{6034] In a third scenario, the deployable propeller remains collapsed for a gliding operation of
the aircraft. Folding the propeller and redeploying is desired when moderate to long glides are
possible. These situations include making descents from high altitude with subsequent powered
cruise mission segment, or short power off ghides for acoustic signature suppression.

{0035} The apparatus 100 in one example coruprises any (e.g., horizoutal, obhque, or vertical)
ortentation, with the description and figures herein illustrating one example orientation of the
apparatus 100, for explanatory purposes.

{6036} The steps or operations described herein are just for example. There may be many

variations to these steps or operations without departing from the spirit of the invention. For
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instance, the steps may be performed in a differing order, or steps may be added, deleted, or
modificd.

{6037} Although example implementations of the invention have been depicted and described in
detail herein, it will be apparent to those skilled in the relevant art that various modifications,
additions, substitutions, and the like can be made without departing from the spirit of the
invention and these are therefore considered to be within the scope of the invention as defined in

the following claims.
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CLAIMS
What 1s claimed is:
1. A deployable propelier, comprising:

a central hub;
two or more blades, cach rotatably connected to said central hub by a hinge; and
each blade further comprising two or more segments, flexibly connected to each other

using a tensile material such that the blade folds out of the plane of rotation for storage.

2. The deployable propeller of ¢laim 1, wherein adjoining edges of each segment
have complementary curvatures, such that mating segments of each blade interlock when the

propelier is deployed.

3. The deployable propeller of claim 2, wherein the tensile material is a flexible

cloth or tape hinge connccting at least cach segment.

4. The deployable propeller of claim 2, wherein the tensile material is one or more

tensile fibers that extend through the center of cach segment.

5. The deployable propeller of claim 4, wherein the tensile fibers are connected to a
spool in the central hub, said spool used to maintain tension on the tensile fiber when the

propelier is deployed.

6. The deployable propeller of claim 4, wherein cach blade further comprises:
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a telescoping faring covering said hinge, said faring resting in a channel in the central hub
when the propeller is stored, said faring further sliding over said hinge to cover a gap between

the central hub and the first segment when the propeller is deployed.

7. The deployable propeller of claim 1, wherein a hub facing surface of cach
segment further comprises a hook and a tip {acing surface of cach segment further comprises a
stot for receiving the hook from a mating segment as the propeller is deployed, wherein the blade

segments are held in place an aligned correctly.

8. The deployable propeller of claim 6, wherein the tensile material is a hinge

connecting each segment.

9. The deployable propeller of claim 6, wherein the tenstle material is one or more

tensile fibers that extend through the center of each segment.

10. A collapsible propeller blade, comprising:
WO OF Imore segments;

a flexible hinge connecting adjacent scgments,

11 The collapsible propeller blade of claim 10, wherein adjoining edges of cach
segment have complementary curvatures, such that mating segments of each blade interlock
when the propeller blade is deployed.

12, The collapsiblc propeller blade of claim 12, wherein the tensile material is a

flexible cloth or tape hinge connecting at least each secgment.
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13.  The collapsible propeller blade of claim 12, wherein the tensile material is one or

more tensile fibers that extend through the center of cach segment.

14.  The deployable propeller of claim 10, wherein a hub facing surface of cach
scgment further comprises a hook and a tip facing surtace of cach segment further comprises a
slot for receiving the hook from a mating segroent as the propeller is deployed, wherein the blade

segments are held in place an aligned correctly.

15. An atreraft, comprising:
a fuselage; and
a deployable propelier, said deployable propeller further comprising:
two or more blades, cach rotatably connected to said central hub by a hinge;
cach blade further comprising two or more segments, flexibly connecied to cach
other using a tensile material such that the blade folds out of the plane of rotation for

storage.

16.  The aircraft of claim 15, wherein adjoining edges of each segment have
complementary curvatures, such that mating segments of cach blade interlock when the propeiler

is deployed.

17. The aircraft of claim 16, wherein the aircraft is an unmanned aerial vehicle.

18.  The aircraft of claim 16, wherein the aircraft is launched from a storage countainer

while the propeller is collapsed.

19. The aircraft of claim 16, wherein the tensile material is one or more tensile fibers

that extend through the center of cach segment and cach blade further comprises a telescoping
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faring covering said hinge, said faring resting in a channel in the central hub when the propeller
1s stored, said faring further sliding over said hinge to cover a gap between the central hub and

the first segment when the propeller is deployed.

20.  The deployable propeller of claim 15, wherein a hub facing surface of cach
segment further comprises a hook and a tip {acing surface of cach segment further comprises a
stot for receiving the hook from a mating segment as the propeller is deployed, wherein the blade

segments are held in place an aligned correctly.



WO 2016/196078 PCT/US2016/033902

1/4

Fig. 1A

Prior Art TN




PCT/US2016/033902

WO 2016/196078

2/4

&



WO 2016/196078 PCT/US2016/033902

262 49




WO 2016/196078 PCT/US2016/033902




INTERNATIONAL SEARCH REPORT

International application No

PCT/US2016/033902

A. CLASSIFICATION OF SUBJECT MATTER

INV. B64C11/04 B64C11/28
ADD.

B64C27/46

B64C27/50 B64C27/473

According to International Patent Classification (IPC) or to both national classification and IPG

B. FIELDS SEARCHED

B64C

Minimum documentation searched (classification system followed by classification symbols)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

EPO-Internal, WPI Data

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category*

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

3 June 1971 (1971-06-03)

Y pages 1-9; figures 1-13

pages 7-8; figures 1-2,5-8

20 June 1984 (1984-06-20)
pages 3-7; figures 1-22

X DE 19 60 262 Al (TRAPPE RICHARD)

X US 20107104437 Al (CARABALLOSO ESTEBAN A
[US] ET AL) 29 April 2010 (2010-04-29)

Y DE 32 46 635 Al (FISCHER THOMAS DIPL ING)

1-4,
10-13,
15-18
5,6,8,9,
19

1,10,15

5,6,8,9,
19

D Further documents are listed in the continuation of Box C.

See patent family annex.

* Special categories of cited documents :

"A" document defining the general state of the art which is not considered
to be of particular relevance

"E" earlier application or patent but published on or after the international
filing date

"L" document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

"Q" document referring to an oral disclosure, use, exhibition or other
means

"P" document published prior to the international filing date but later than
the priority date claimed

"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

"X" document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

"Y" document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

"&" document member of the same patent family

Date of the actual completion of the international search

26 July 2016

Date of mailing of the international search report

04/08/2016

Name and mailing address of the ISA/

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswik

Tel. (+31-70) 340-2040,

Fax: (+31-70) 340-3016

Authorized officer

Carlier, Francois

Form PCT/ISA/210 (second sheet) (April 2005)




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/US2016/033902
Patent document Publication Patent family Publication
cited in search report date member(s) date
DE 1960262 Al 03-06-1971  NONE
US 2010104437 Al 29-04-2010 US 2010104437 Al 29-04-2010
US 2013251529 Al 26-09-2013
US 2015086365 Al 26-03-2015
DE 3246635 Al 20-06-1984  NONE

Form PCT/ISA/210 (patent family annex) (April 2005)




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - claims
	Page 11 - claims
	Page 12 - claims
	Page 13 - claims
	Page 14 - drawings
	Page 15 - drawings
	Page 16 - drawings
	Page 17 - drawings
	Page 18 - wo-search-report
	Page 19 - wo-search-report

