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(57) Abstract: A rotor blade rotated about a rotor hub is provided including a first section contigured to mount to the rotor hub. The
first section includes a spindle and an inboard torque tube surrounding a portion of the spindle. A second section of the rotor blade
includes a flexbeam and an outboard torque tube attached to and surrounding the flexbeam. An inboard end of the flexbeam is rotat -
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spindle is movable between a first position and a second position. When in the first position, the transitional brace limits movement
of the second section about the blade axis.
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LIGHT WEIGHT RIGID ROTOR WITH BLADE FOLD CAPABILITY

CROSS-REFERENCE TO RELATED APPLICATION
[0001] This application claims the benefit of U.S. provisional patent application serial
number 61/987,883 filed May 2, 2014, the entire contents of which are incorporated herein

by reference.

BACKGROUND OF THE INVENTION

[0002] Exemplary embodiments of the invention relate to a blade assembly for a
rotary wing aircraft, and more particularly, to a blade assembly configured to fold about a
blade fold axis.

[0003] The flight capabilities of rotary-wing aircrafts make them effective for a wide
variety of missions; however, operation of rotary-wing aircraft in certain environments may
be limited by the overall structural envelopes thereof. The radial dimensions of a rotary-wing
aircraft main rotor assembly results in a rotary-wing aircraft having relatively large structural
envelopes which may impact its utility in some environments. For example, space on a ship
or vessel is generally at a premium and the structural envelope of a rotary wing aircraft may
require a significant allocation of such limited space. Furthermore, strategic and tactical
considerations in the military utilization of rotary-wing aircrafts has led to a requirement for
rotary-wing aircrafts having main rotor assemblies that may be readily reconfigured for rapid
deployment, routine transport, and/or stowage by reducing the structural envelope.

[0004] One way to reduce the structural envelope of rotary-wing aircraft to facilitate
rapid deployment, routine transport, stowage, and reduce the vulnerability thereof to
environmental conditions is to design the main rotor assembly so that the main rotor blades
fold relative to the main rotor hub. However, conventional blade folding systems are
cumbersome and are susceptible to drag, thereby decreasing the efficiency of the rotary wing

aircraft in flight.

BRIEF DESCRIPTION OF THE INVENTION

[0005] According to one embodiment of the invention, a rotor blade rotated about a
rotor hub is provided including a first section configured to mount to the rotor hub. The first
section includes a spindle and an inboard torque tube surrounding a portion of the spindle. A
second section of the rotor blade includes a flexbeam and an outboard torque tube attached to

and surrounding the flexbeam. An inboard end of the flexbeam is rotatable coupled to a first
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end of the spindle. The second section is configured to rotate about a blade axis between an
aligned position and a rotated position. A transitional brace configured to surround a portion
of the rotor blade adjacent the coupled flexbeam and spindle is movable between a first
position and a second position. When in the first position, the transitional brace limits
movement of the second section about the blade axis.

[0006] In addition to one or more of the features described above, or as an alternative,
in further embodiments a plurality of fasteners couple the transitional brace to the inboard
torque tube and the outboard torque tube when the transitional brace is in the first position.

[0007] In addition to one or more of the features described above, or as an alternative,
in further embodiments the transitional brace is configured to slide in an inboard direction
when transitioning to the second position such that the transitional brace substantially
overlaps the inboard torque tube.

[0008] In addition to one or more of the features described above, or as an alternative,
in further embodiments the spindle comprises a first arm and a second arm extending from
the first end in an opposite direction. The second arm is substantially identical to and spaced
apart from the first arm.

[0009] In addition to one or more of the features described above, or as an alternative,
in further embodiments the first section further comprises a bearing block arranged within an
opening formed between the first arm and the second arm of the spindle. The first arm of the
spindle is positioned adjacent a first side of the bearing block and a second arm of the spindle
is positioned near a second side of the bearing block.

[0010] In addition to one or more of the features described above, or as an alternative,
in further embodiments the rotor blade is configured for use with an open rotor hub having a
plurality of rotor members mounted about a circumference of a base plate.

[0011] In addition to one or more of the features described above, or as an alternative,
in further embodiments the bearing block and at least a portion of the first arm and the second
arm of the spindle are positioned within an opening formed between adjacent rotor members.
A portion of each rotor member is fastened to the bearing block and one of the first arm and
the second arm.

[0012] In addition to one or more of the features described above, or as an alternative,
in further embodiments at least one of the inboard torque tube and the outboard torque tube
includes an abrasion resistant material such that as the transitional brace moves between the
first position and the second position, the transitional brace is configured to engage the

abrasion resistant material.
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[0013] A method of folding rotor blade including a first section, a second section, and
a transitional brace is provided including unfastening a fastener system coupling the
transitional brace to the first section and the second section. The transitional brace is moved
from a first position to a second position to expose an interface where the first section and the
second section are rotatable coupled. The second section of the rotor blade is pivoted about a
blade axis from an aligned position to a rotated position while the transitional brace is in the
second position.

[0014] In addition to one or more of the features described above, or as an alternative,
in further embodiments moving the transitional brace comprises sliding the brace along a
longitudinal axis of the rotor blade between the first position and the second position.

[0015] In addition to one or more of the features described above, or as an alternative,
in further embodiments the transitional brace is configured to slide in an inboard direction
when transitioning to the second position such that the transitional brace substantially
overlaps the first section.

[0016] In addition to one or more of the features described above, or as an alternative,
in further embodiments the second section of the rotor blade is rotated about the blade axis
manually.

[0017] In addition to one or more of the features described above, or as an alternative,
in further embodiments the second section of the rotor blade is rotated about the blade axis
automatically.

[0018] In addition to one or more of the features described above, or as an alternative,
in further embodiments the second section of the rotor blade is pivoted from the rotated
position to the aligned position while the transitional brace is in the second position. The
transitional brace is moved from the second position to the first position to cover the interface
rotatably coupling the first section and the second section while the second section is in the
aligned position. The fastening system is fastened to couple the transitional brace to the first
section and the second section.

[0019] Technical effects include the ability to fold a rigid rotor blade mounted to an

open rotor hub.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0020] The subject matter, which is regarded as the invention, is particularly pointed
out and distinctly claimed in the claims at the conclusion of the specification. The foregoing
and other features, and advantages of the invention are apparent from the following detailed
description taken in conjunction with the accompanying drawings in which:

[0021] FIG. 1 is a side view of an example of a rotary wing aircraft;

[0022] FIG. 2 is an cross-sectional view of a main rotor system of the aircraft
illustrated in FIG. 1;

[0023] FIG. 3 is a perspective view of a portion of a rotor blade of a rotary wing
aircraft according to an embodiment of the invention;

[0024] FIG. 4 is a cross-sectional view of the portion of the rotor blade of a rotary
wing aircraft illustrated in FIG. 3 according to an embodiment of the invention;

[0025] FIG. 5 is a perspective view of a spindle of the first section of the rotor blade
according to an embodiment of the invention;

[0026] FIG. 6 is a perspective view of the interior of a rotor blade of a rotary wing
aircraft according to an embodiment of the invention;

[0027] FIG. 7 is a perspective view of a folded rotor blade of a rotary wing aircraft
according to an embodiment of the invention;

[0028] FIG. 8 is a series of perspective views of a rotor blade as the rotor blade is
rotated from an aligned position to a rotated position according to an embodiment of the
invention; and

[0029] FIG. 9 is a block diagram illustrating a method of folding the rotor blade of a
rotary wing aircraft according to an embodiment of the invention.

[0030] The detailed description explains embodiments of the invention, together with

advantages and features, by way of example with reference to the drawings.

DETAILED DESCRIPTION OF THE INVENTION

[0031] FIG. 1 illustrates an exemplary vertical takeoff and landing (VTOL) rotary-
wing aircraft 10 having a dual, counter-rotating, coaxial rotor system 12 which rotates about
an axis of rotation A. The aircraft 10 includes an airframe 14 which supports the dual, counter
rotating, coaxial rotor system 12 as well as an optional translational thrust system T which
provides translational thrust generally parallel to an aircraft longitudinal axis L. Although a

particular aircraft configuration is illustrated in the disclosed embodiment, other counter-
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rotating, coaxial rotor systems and non-coaxial rotor systems will also benefit from the
present invention.

[0032] A main gearbox 26 which may be located above the aircraft cabin drives the
rotor system 12. The translational thrust system T may be driven by the same main
gearbox 26 which drives the rotor system 12. The main gearbox 26 is driven by one or more
engines (illustrated schematically at E). As shown, the main gearbox 26 may be interposed
between the gas turbine engines E, the rotor system 12 and the translational thrust system T.

[0033] Referring to FIG. 2, the dual, counter-rotating, coaxial rotor system 12
includes an upper rotor system 16 and a lower rotor system 18. Each rotor system 16, 18
includes a plurality of rotor blade assemblies 20 mounted to a rotor hub assembly 22, 24 for
rotation about a rotor axis of rotation A. A plurality of the main rotor blade
assemblies 20 project radially outward from the hub assemblies 22, 24. Any number of main
rotor blade assemblies 20 may be used with the rotor system 12.

[0034] While not required in all aspects, the shown rotor system 12 also includes a
rotor hub fairing system Fh generally located between and around the upper and lower rotor
systems 16, 18 such that the rotor hub assemblies 22, 24 are at least partially contained
therein. The rotor hub fairing system Fh preferably includes an upper hub fairing Fu, a lower
hub fairing Fl and a shaft fairing Fs there between. The shaft fairing Fs is preferably attached
to the counter-rotating, coaxial rotor system 12 through a bearing arrangement Bu, Bl such
that the shaft fairing Fs is aligned with the relative wind in forward flight but may be free to
pivot during low speed maneuvering. The upper bearing Bu and the lower bearing Bl are
respectively located adjacent an upper portion and a lower portion of the shaft fairing Fs. The
upper bearing Bu is preferably attached to one rotor shaft 12U while the lower bearing Bl
attached to the other rotor shaft 12L such that the bearings counter-rotate and net bearing
drag is relatively low.

[0035] Referring now to FIGS. 3-8, at least one rotor blade assembly 20 includes a
rotor blade 28 configured to fold about a blade fold axis X (FIG. 2) arranged generally
perpendicular to the blade chord at or near the blade fold axis X. The rotor blade 20 is
divided into a first section 30 and a complementary second section 70. The first section 30
includes a generally oval bearing block 32 arranged near an inboard end 29 of the rotor blade
28. A spindle 36 (FIG. 5) formed from a metal or composite material includes a first
generally open end 38, and a first and second arm 40, 42 extending in a direction away from
the first end 38. The first arm and second arm 40, 42 are substantially identical and are

spaced apart from one another by a distance generally equal to the width of the bearing block
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32. As illustrated more clearly in FIG. 5, the first arm 40 of the spindle 36 is configured to
contact a first side 34 of the bearing block 32 and the second arm 42 of the spindle 36 is
configured to contact a second, opposite side (not shown) of the bearing block 32 such that
the bearing block 32 is at least partially positioned within the opening 44 formed between the
arms 40, 42 of the spindle 36.

[0036] In the illustrated, non-limiting component, the rotor hub adjacent the bearing
block, such as rotor hub 22, 24 for example, is an open rotor hub designed to facilitate access
to and the service of components within the interior of the rotor shaft 12. The open rotor hub,
illustrated in FIG. 6, includes a plurality of similar rotor members 46 mounted about a
circumference of a base plate (not shown). The bearing block 32 and at least a portion of the
first and second arms 40, 42 of the spindle 36 are arranged within an opening 48 (FIG. 8)
formed between two adjacent rotor members 46. A fastener system, such as the shown
plurality of fasteners 50, couples both the arms 40, 42 of the spindle 36 and the bearing block
32 to the adjacent rotor members 46 to prevent movement of the first section 30 of the rotor
blade 28 relative to the hub. While shown with multiple fasteners 50, it is understood that
aspects could use a single fastener and/or non-removable fasteners (such as clasps) to couple
the arms 40, 42 to members 46.

[0037] The first section 30 of the rotor blade 28 additionally includes a generally
hollow inboard torque tube 52 configured to surround the bearing block 32, a portion of the
spindle 36, and at least a portion of the rotor members 50 connected thereto. A first end 54 of
the inboard torque tube 52 is coupled to a connector 58 extending from the adjacent rotor hub
with a plurality of fasteners 60. In one embodiment, the first end 54 of the inboard torque
tube 52 is positioned within the interior of a rotor hub fairing, such as fairing Fu or Fl for
example (FIG. 7). The inboard torque tube 52 extends over a portion of the length of the first
section 30, along a longitudinal axis (not shown) of the blade 28. The first end 38 of the
spindle 36 is positioned beyond the second end 56 of the inboard torque tube 52 such that the
first end 38 of the spindle 36 is generally exposed.

[0038] The second section 70 of the rotor blade 28 includes a generally U-shaped,
continuous flexible structural member 72, also referred to as a flexbeam. The structural
flexbeam has a substantially identical first side 74 and second side 76, connected by an
inboard end 78 and an outboard end 80. In one embodiment, a metal nut 82 is arranged at the
inboard end 78 of the flexbeam 72. The width of the flexbeam 72 may vary over the length
of the flexbeam 72, as illustrated in FIG. 6; however, the thickness of the flexbeam 72

remains generally constant. In one embodiment, the width of the inboard end 78 of the
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flexbeam 72 is substantially larger than the width of the outboard end 80 of the flexbeam 72.
An outboard torque tube 84 having an airfoil cross-section surrounds the majority of the
flexbeam 72, excluding the inboard end 78. The outboard torque tube 84 is illustrated as
generally transparent for clarity. The inboard end 78 of the flexbeam 72, including the nut
82, 1s generally arranged within the first open end 38 of the spindle 36. A fastener 86, such
as a dowel or pin for example, extends through both the spindle 36 and the nut 82 to couple
the flexbeam 72 to the spindle 36. As a result, the pin 86 rotatably couples the second section
70 of the rotor blade 28 to the first section 30. The second section 70 of the rotor blade 28 is
therefore configured to rotate a desired amount about a blade axis X, defined by the pin 86,
between a position substantially aligned with the first section 30 of the rotor blade 28 (FIG.
3) and a rotated position (FIG. 7). In one embodiment, the adjacent ends of the inboard
torque tube 52 and the outboard torque tube 84 are contoured to provide a clearance there
between when the second section 70 of the rotor blade 28 is in the rotated position.

[0039] The rotor blade 28 additionally includes a generally hollow transitional brace
90. In one embodiment, the transitional brace 90 may be formed from the same material as
the inboard and outboard torque tubes 52, 84, such as a composite for example. To allow for
rotation of the second section 70 of the rotor blade 28 about the blade axis X, the transitional
brace 90 is configured to slide between a first position (FIGS. 3 and 4) and a second position
(FIG. 7). When the second section 70 of the rotor blade 28 is generally aligned with the first
section 30, the transitional brace 90 is in the first position and is configured to surround the
interface between the first end 38 of the spindle 36 and the inboard end 78 of the flexbeam 72
to limit movement of the second section 70 of the rotor blade 28 about the blade axis X. In
the first position, a first end 92 of the transitional brace 90 overlaps the exterior of the second
end 56 of the inboard torque tube 52, and a second end 94 of the transitional brace 90
surrounds the exterior of the first end 85 of the outboard torque tube 84. When in the first
position, such as during operation of the rotary wing aircraft 10, the transitional brace 90 may
be coupled to the both the inboard torque tube 52 and the outboard torque tube 84 with a
plurality of fasteners 96, as shown in FIG. 3.

[0040] The transitional brace 90 is moved generally along the longitudinal axis of the
rotor blade 28 to the second position to expose the pin 86 coupling the first end 38 of the
spindle 36 to the inboard end 78 of the flexbeam 72. When the transitional brace 90 is in the
second position, the second section 70 of the rotor blade 28 is free to pivot about the blade
axis X between the aligned position and the rotated position. In the illustrated, non-limiting

embodiment, the transitional brace 90 is configured to slide in a generally inboard direction
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such that the portion of the transitional brace 90 arranged in an overlapping configuration
with the inboard torque tube 52 increases. However, embodiments where the transitional
brace 90 is configured to slide in a generally outboard direction in an overlapping
configuration with the outboard torque tube 84 are within the scope of the invention. In one
embodiment, the inboard torque tube 52 and/or the outboard torque tube 84 includes one or
more pads 98 formed from an abrasion resistant composite material, such as nylon or Teflon
impregnated material for example, that prevent damage from occurring as a result of sliding
the transitional brace 90.

[0041] A method 150 of folding the rotor blade 28 is shown in more detail in the
sequence illustrated in FIG. 9. In block 152, the plurality of fasteners 96 coupling the
transitional brace 90 to the outboard torque tube 84 and the inboard torque tube 52 are
removed. In some embodiments, additional hardware, such as cauls 100 positioned between
the fasteners 96 and an exterior surface 102 of the transitional brace 90 are also removed.
The transitional brace 90 is then moved from a first position to a second position, in block
154, to expose the pin 86 connecting the first end 38 of the spindle 36 and the inboard end 78
of the flex beam 72. The transitional brace 90 is generally slid along the axis of the rotor
blade 28 such that the transitional brace 90 overlaps a portion of the inboard torque tube 52.
As shown in block 156, the second section 70 of the rotor blade 28 is then pivoted about the
blade axis X from the aligned position to the rotated position. The rotation of the second
section 70 of the rotor blade 28 may be performed manually, or alternatively, may be
performed automatically, such as with an actuator (not shown) for example.

[0042] The rotor blade 28 described herein allows for in plane and out of plane
stiffness and strength, but still allows the flexibility to fold and store the rotary wing aircraft
10 without significant disassembly. As a result of the position of the bend in the rotor blade
28, the rotor blade 28 is configured to fold without removal of a fairing or other components
near the inboard end 29.

[0043] While the invention has been described in detail in connection with only a
limited number of embodiments, it should be readily understood that the invention is not
limited to such disclosed embodiments. Rather, the invention can be modified to incorporate
any number of variations, alterations, substitutions or equivalent arrangements not heretofore
described, but which are commensurate with the spirit and scope of the invention. By way of
example, aspects could be used in other aircraft rotors, wings, wind turbines or other
structures where selective bending is needed for transport, space savings, protection from

weather, or other like reasons. Additionally, while various embodiments of the invention
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have been described, it is to be understood that aspects of the invention may include only
some of the described embodiments. Accordingly, the invention is not to be seen as limited

by the foregoing description, but is only limited by the scope of the appended claims.
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CLAIMS:

What is claimed is:

1. A rotor blade rotated about a rotor hub, the rotor blade comprising:

a first section configured to mount to the rotor hub, the first section including a
spindle and an inboard torque tube surrounding a portion of the spindle;

a second section including a flexbeam and an outboard torque tube attached to the
flexbeam, an inboard end of the flexbeam being rotatably coupled to a first end of the spindle
such that the second section is configured to rotate about a blade axis between an aligned
position and a rotated position; and

a transitional brace configured to surround a portion of the rotor blade adjacent the
coupled flexbeam and spindle, the transitional brace being configured to move selectively
between a first position and a second position, wherein when the transitional brace is in the
first position, the transitional brace limits movement of the second section about the blade
axis, and when the transitional brace is in the second position, the second section is able to
pivot to the rotated position.

2. The rotor blade according to claim 1, wherein a plurality of fasteners couple
the transitional brace to inboard torque tube and the outer torque tube when the transitional
brace is in the first position.

3. The rotor blade according to either of claims 1 or 2, wherein the transitional
brace is configured to slide in an inboard direction when transitioning to the second position,
such that the transitional brace substantially overlaps the inboard torque tube.

4. The rotor blade according to any of the preceding claims, wherein the spindle
comprises a first arm and a second arm extending from the first end in an opposite direction,
the second arm being substantially identical to and the first arm and spaced therefrom by a
distance.

5. The rotor blade according to claim 4, wherein the first section further
comprises a bearing block arranged within an opening formed between the first arm and the
second arm of the spindle such that the first arm of the spindle is positioned adjacent a first
side of the bearing block and the second arm of the spindle is arranged next to a second side
of the bearing block.

6. The rotor blade according to any of the preceding claims, wherein the rotor
blade is configured for use with an open rotor hub including a plurality of rotor members

mounted about a circumference of a base plate.

10
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7. The rotor blade according to claim 6, wherein the bearing block and at least a
portion of the first arm and the second arm of the spindle are positioned within an opening
formed between adjacent rotor members, such that a portion of each rotor member is fastened
to one of the first arm and second arm and the bearing block.

8. The rotor blade according to any of the preceding claims, wherein at least one
of the inboard torque tube and the outboard torque tube includes an abrasion resistant
material such that as the transitional brace moves between the first and second position, the
transitional brace is configured to engage the abrasion resistant material.

9. A method of folding a rotor blade, the rotor blade including a first section, a
second section, and a transitional brace, comprising:

unfastening a fastener system coupling the transitional brace to the first section and
the second section;

moving the transitional brace from a first position to a second position to expose an
interface rotatably coupling the first section and the second section; and

pivoting the second section of the rotor blade about a blade axis from an aligned
position to a rotated position while the transitional brace is in the second position.

10. The method according to claim 9, wherein the moving the transitional brace
comprises sliding the transitional brace along a longitudinal axis of the rotor blade between
the first position and the second position.

11. The method according to any of claims 9 or 10, wherein the transitional brace
is configured to slide in an inboard direction when transitioning to the second position, such
that the transitional brace substantially overlaps the first section.

12. The method according to any of the preceding claims, wherein the second
section of the rotor blade is rotated about the blade axis manually.

13. The method according to any of the preceding claims, wherein the second
section of the rotor blade is rotated about the blade axis automatically.

14. The method according to any of the preceding claims, further comprising:

pivoting the second section of the rotor blade about the blade axis from the rotated
position to the aligned position while the transitional brace is in the second position;

moving the transitional brace from the second position to the first position to cover
the interface rotatably coupling the first section and the second section while the second
section is in the aligned position; and

fastening the fastening system to couple the transitional brace to the first section and

the second section.

11



WO 2015/168496

PCT/US2015/028699

1/8

FIG. 1
Fu~ X -t
u X !
. —rE T ———
Fh\ )'(12U‘ E\Fi:n/:" By «/Fs
IR
F~ 12L-Jda-i- B | 18 20 |
= —— R mee——
| r ~
12" Tt
14'\ | | AR \/’}/i

SUBSTITUTE SHEET (RULE 26)



WO 2015/168496 PCT/US2015/028699

FIG. 3

74 84

SUBSTITUTE SHEET (RULE 26)



WO 2015/168496

3/8

PCT/US2015/028699

-y
f
2 o
©
oY
'ap)
o0
»
oV
<
o
-
o)
»
«©
s)
o
o
-
x<-
«©
»
o
-

L

58

w
O

724

80 54

52

N\
9%
FIG. 4

76

SUBSTITUTE SHEET (RULE 26)



000000000000000000000000000000

4/8




SUBSTITUTE SHEET (RULE 26)

FIG. 6



WO 2015/168496

SUBSTITUTE SHEET (RULE 26)

PCT/US2015/028699

FIG. 7



WO 2015/168496

SUBSTITUTE SHEET (RULE 26)

PCT/US2015/028699

FIG. 8



WO 2015/168496 PCT/US2015/028699

8/8

190

152~

Remove fasteners and additional hardware
coupling the transitional brace to the inboard
and outboard torque tubes

154~ v

Move the transitional brace from the first
position to the second position to expose the
coupled first end of the spindle and the
inboard end of the flexbeam

156~ 4

Rotate the second section of the rotor blade
about the blade axis from the aligned
position to the rotated position

FIG. 9

SUBSTITUTE SHEET (RULE 26)



INTERNATIONAL SEARCH REPORT International application No.
PCT/US15/28699

A.  CLASSIFICATION OF SUBJECT MATTER
IPC(8) - B64C 11/28, 27/32, 27/50/(2015.01)

CPC - B64C 11/28, 27/022, 27/50
According to International Patent Classification (IPC) or to both national classification and IPC

B.  FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

IPC(8) - B64C 11/04, 11/12, 11/16, 11/20, 11/28, 27/00, 27/32, 27/33, 27/37, 27/41, 27/46, 27/473, 27/48, 27/50 (2015.01)
CPC - B64C 11/04, 11/12, 11/16, 11/20, 11/28, 27/02, 27/021, 27/022, 27/32, 27/33, 27/37, 27/41, 27/46, 27/473, 27/48, 27/50

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

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

PatSeer (US, EP, WO, JP, DE, GB, CN, FR, KR, ES, AU, IN, CA, INPADOC Data); Google; Google Scholar; ProQuest;
rotor”, blade®, fold*, stow*, hing®, axis*, pivot", flexbeam®, flex-beam, flex*, member*, structur®, spindle™; shaft*, rotat®, tube*, torque®, slid”

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X US 6,126,398 A (BAUER, K. et al.) 03 October 2000; figures 2, 2B, 3, 7; column 5, lines 30-35; 1-2,9
column 6, lines 25-30 and 45-50; column 8, lines 20-6-; column 9, lines 1-25; column 11, lines
5-15
A US 4,252,504 A (COVINGTON, C. E: et al.) 24 February 1981; entire document 1-3/1, 3/2, 9-11/9, 11/10
A US 3,357,729 A (KREUGER, A. F.) 12 December 1967; entire document 1-3/1, 3/2, 9-11/9, 11/10
A US 2014/0112785 A1 (EUROCOPTER DEUTSCHLAND GMBH) 24 April 2014; entire document {1-3/1, 3/2, 9-11/9, 11/10
D Further documents are listed ih the continuation of Box C. D See patent family annex.
* Special categories of cited documents: “T” later document publighéd after the international filing date or priority
“A”  document defining the general state of the art which is not considered date and not in conflict with the application but cited to understand
to be of particular relevance : the principle or theory underlying the invention
“E” earlier application or patent but published on or after the international X" document of particular relevance; the claimed invention cannot be
filing date considered novel or cannot be considered to involve an inventive
“Lr docgmem wl;)ilchhmay throlw doubtz on prfiority}::laim(s) or whicl;]is step when the document is taken alone
cited to establish the publication date of another citation of other wy» 400 ane of parti . . - :
: : particular relevance; the claimed invention cannot be
special reason (as specified) ) . considered to involve an inventive stcp when the document is
“O™ document referring to an oral disclosure, use, exhibition or other combined with one or more other such documents, such combination
means being obvious to a person skilled in the art

“P”  document published prior to the international filing date but later than  «g»  gocument member of the same patent family
the priority date claimed -

Date of the actual completion of the international search Date of mailing of the international search report
20 July 2015 (20.07.2015) _ ' 1 2 A ue 2015

Name and mailing address of the ISA/ Authorized officer

Mail Stop PCT, Attn: ISA/US, Commissioner for Paténts Shane Thomas

P.O. !30?( 1450, Alexandria, Virginia 22313-1450 PCT Helpdask: §71.272-4300

Facsimile No. 571-273-8300 PCT OSP: 571-272-7774

Form PCT/ISA/210 (second sheet) (January 2015)



INTERNATIONAL SEARCH REPORT International application No.
PCT/US15/28699

Box No. I1 Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in réspect of certain claims under Article 17(2)(a) for the following reasons:

D Claims Nos.:

because they relate to subject matter not required to be searched by this Authority, namely:

2. D Claims Nos.:

because they relate to parts of the international application that do not comply with the prescribed rcqulrcmems to such an
extent that no meaningful international search can be carried out, specifically:

3. W Claims Nos.: 4-8, 12-14
becausc they are dependent claims and are not draﬁed in accordance with the second and third sentences of Rule 6. 4(a).

Box No. 111 Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This Intemational Searching Authority found multiple inventions in this international application, as follows:

1. D As all required additional search fees were timely pald by the applicant, this mlemauonal search report covers all searchable
claims.

2. D As all searchable ctaims could be searched without effort justifying additional fecs, this Authority did not invite payment of
additional fees.

3. D As only some of the required additional scarch fees were timely paid by the applicant, this mlcmatlonal scarch report covers
only those claims for which fees were paid, specifically claims Nos.:

4. D No required additional search fees were timely paid by the applicant. Consequcntly,'this international search report is
’ restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

Remark dn Protest D The additional search fees were accompanied by the ;lpplicanl’s protest and, where applicable, the
payment of a prolcsl fee.

I—_—] The addmonal search fees were accompanied by the applicant’s protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

D No protest accompanied the payment of additional search fees.

Form PCT/ISA/210 (continuation of first sheet (2)) (January 2015)



	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 - description
	Page 11 - claims
	Page 12 - claims
	Page 13 - drawings
	Page 14 - drawings
	Page 15 - drawings
	Page 16 - drawings
	Page 17 - drawings
	Page 18 - drawings
	Page 19 - drawings
	Page 20 - drawings
	Page 21 - wo-search-report
	Page 22 - wo-search-report

