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TENSION TORSION STRAP

BACKGROUND

[0001] The subject matter disclosed herein relates to a tension torsion strap and, more
particularly, to a tension torsion strap, a propulsor including a tension torsion strap and a
method of applying pretension to a tension torsion strap.

[0002] Compound helicopters generally include a main rotor assembly with coaxial,
counter-rotating main rotors and a propulsor. The main rotor assembly is disposed at an upper
portion of the helicopter airframe and the propulsor is disposed at a tail of the helicopter. The
main rotor assembly generates lift, thrust and yaw control while the propulsor generally
assists with the generation of thrust for forward flight although it can generate lift and

provide for additional yaw control as well.

BRIEF DESCRIPTION

[0003] According to one aspect, a tension torsion strap by which a blade is
connectable with a hub of a propulsor is provided. The tension torsion strap includes an
elongate body formed to define attachment features at opposite ends thereof, the attachment
features being connectable to the blade at one of the opposite ends and to the hub at the other
of the opposite ends, fibrous materials extending along the elongate body and around the
attachment features and pretension flanges elastically interposable between the hub and the
elongate body. The pretension flanges are configured to maintain pretension in the fibrous
materials above a predefined pretension level when the attachment features are connected to
the blade and the hub.

[0004] In accordance with additional or alternative embodiments, the elongate body
includes an I-beam.

[0005] In accordance with additional or alternative embodiments, the elongate body
includes a strap casing to encompass the fibrous materials.

[0006] In accordance with additional or alternative embodiments, the strap casing
includes urethane.

[0007] In accordance with additional or alternative embodiments, the attachment
features include racetrack-shaped spools.

[0008] In accordance with additional or alternative embodiments, the fibrous

materials have a spherical cross-sectional shape at each of the opposite ends.
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[0009] In accordance with additional or alternative embodiments, the fibrous
materials include Kevlar ™.,

[0010] In accordance with additional or alternative embodiments, the pretension
flanges each include a plate element affixable to one of the opposite ends of the elongated
body, a flange abuttable with the hub and an elastic member by which the flange is coupled
with the plate element.

[0011] In accordance with additional or alternative embodiments, the predefined
pretention level is a percentage of an expected centrifugal force load.

[0012] According to another aspect, a propulsor is provided and includes a hub
including first and second plates respectively formed to define attachment through-holes at
blade locations, a hub casing including an interior part surrounding the hub and hub arm parts
extending outwardly from the interior part at the blade locations and tension torsion straps.
The tension torsion straps are extendable through the hub arm parts to connect blades with
the hub at the blade locations.

[0013] In accordance with additional or alternative embodiments, oblong fasteners are
extendable through the attachment through-holes and features.

[0014] In accordance with additional or alternative embodiments, pretension
assemblies are respectively disposed at each of the hub arm parts.

[0015] In accordance with additional or alternative embodiments, pretension flanges
are elastically interposable between a corresponding one of the pretension assemblies and the
elongate body and are configured to maintain pretension in the fibrous materials of a
percentage of an expected centrifugal force load.

[0016] According to yet another aspect, a method of applying pretension to a tension
torsion strap by which a blade is connectable with a hub of a propulsor is provided. The hub
includes a hub casing including an interior part and hub arm parts such that the interior part
surrounds the hub and the hub arm parts extend outwardly from the interior part. The method
includes manipulating pretension assemblies to assume first, non-tightening positions on the
hub arm parts, connecting tension torsion straps to the hub and blades and re-manipulating
the pretension assemblies to assume second, tightening positions on the hub arm parts and
against pretension flanges of the tension torsion straps.

[0017] In accordance with additional or alternative embodiments, the method further
includes securing the pretension assemblies in the second, tightening positions.

[0018] These and other advantages and features will become more apparent from the

following description taken in conjunction with the drawings.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0019] The subject matter of this disclosure is particularly pointed out and distinctly
claimed in the claims at the conclusion of the specification. The foregoing and other features,
and advantages of exemplary embodiments are apparent from the following detailed
description taken in conjunction with the accompanying drawings in which:

[0020] FIG. 1 is a perspective view of a coaxial, counter-rotating helicopter in
accordance with embodiments;

[0021] FIG. 2 is a perspective view of a tension torsion strap in accordance with
embodiments;

[0022] FIG. 3 is a top-down view of the tension torsion strap of FIG. 2;

[0023] FIG. 4 is a side view of the tension torsion strap of FIG. 2;

[0024] FIG. 5 is a perspective view of a portion of a propulsor of the helicopter of
FIG. 1;

[0025] FIG. 6A is a perspective view of a forward hub plate in accordance with
embodiments;

[0026] FIG. 6B is a perspective view of the forward hub plate from an opposite
direction as compared to FIG. 6A;

[0027] FIG. 7A is a perspective view of an aft hub plate in accordance with
embodiments;

[0028] FIG. 7B is a perspective view of the aft hub plate from an opposite direction as
compared to FIG. 7A; and

[0029] FIG. 8 is a cutaway side view illustration an operation of pretension flanges of
a tension torsion strap in accordance with embodiments.

[0030] The detailed description explains exemplary embodiments, together with

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

DETAILED DESCRIPTION

[0031] As will be described below, weight reduction goals for the propulsor of a
coaxial, counter-rotating helicopter are met by a unique configuration utilizing tension torsion
straps to restrain propulsor blade centrifugal forces and roller pitch bearings to restrain
propulsor blade bending moments. The roller pitch bearings are inserted over metallic
spindles that are integral to the propulsor rotor shaft. The propulsor blade is inserted over the
pitch bearing outer races. This configuration concentrates the metal hub attachment at the

smallest possible diameter reducing propulsor hub weight. The tension torsion straps
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eliminate centrifugal force loads from the pitch bearings, which facilitates minimizations of
the size and weight of the pitch bearings. The tension torsion straps also incorporate a
compact spool design with racetrack-shaped spools that allow for the use of racetrack-shaped
shear pins that could react high centrifugal force loads but also minimize the size of the
tension torsion strap width. A pair of flanges is incorporated into the outboard spool to
provide for application of pretension to the tension torsion strap.

[0032] With reference to FIG. 1, a helicopter 1 is provided with a coaxial, counter-
rotating configuration. The helicopter 1 includes an airframe 2, which is formed to
accommodate a cockpit, crew and, in some cases, passengers, a main rotor assembly 3 and a
propulsor 4. The main rotor assembly 3 is operably disposed at an upper portion 5 of the
airframe 2 and includes an upper rotor 31 and a lower rotor 32. The upper and lower rotors 31
and 32 rotate in opposite directions about a common rotational axis to generator lift and
thrust for the helicopter 1. The propulsor 4 is operably disposed at a tail portion 6 of the
airframe 2 and is configured to generate thrust for the helicopter 1. In accordance with
various embodiments, the propulsor 4 may include a set of blades 40 (e.g., a set of eight
blades 40) that extend radially outwardly from a central hub 41 to be rotatable about a
rotational axis defined through the central hub 41.

[0033] The helicopter 1 may also include an engine, a transmission system and a
flight computer. The engine generates power that can be used to drive rotations of the upper
rotor 31, the lower rotor 32 and the propulsor 4. The transmission system serves to transmit
the power generated by the engine to the main rotor assembly 3 and the propulsor 4. The
flight computer and an associated flight control system control various operations of at least
the engine, the transmission system, the main rotor assembly 3 and the propulsor 4 in
accordance with crew commands and current flight conditions.

[0034] With reference to FIGS. 2-6, a tension torsion (TT) strap 20 is provided for
use in the propulsor 4 of the helicopter 1. The TT strap 20 serves to connect each of the
blades 40 with the central hub 41 of the propulsor 4 and includes an elongate body 21, fibrous
materials 22 (see FIGS. 5 and 6), pretension flanges 23 and a casing 24 (see FIG. 6). The
elongate body 21 is generally rigid and may include an I-beam section 210 with a first or
inboard end 211, which is formed to define a first attachment or anti-rotation feature 212, and
a second or outboard end 213. The outboard end 213 is opposite the inboard end 211 and is
formed to define a second attachment or anti-rotation feature 214. In accordance with
embodiments, the first and second anti-rotation features 212 and 214 may include racetrack-

shaped spools 215 that have interior, oblong vias 216.
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[0035] The fibrous materials 22 extend along the elongate body 21 in parallel with a
longitudinal axis of the elongate body 21 and continuously extend around the exterior
curvatures of the racetrack-shaped spools 215 of the first and second anti-rotation features
212 and 214. The fibrous materials 22 are thus patterned in layers about the elongate body 21
to have a varying thickness and cross-sectional shape. Particularly, along the elongate body
21 and at the bend of the fibrous materials 22 around the racetrack-shaped spools 215 at each
of the inboard end 211 and the outboard end 213, the fibrous materials 22 have a segmented,
spherical cross-sectional shape 220. That is, as shown in FIGS. 5 and 6, when taken as a
whole, the fibrous materials 22 form a shape with three adjacent flat sides 221 and one
outwardly curved side 222.

[0036] The casing 24 may be formed of urethane or another similar material and
encompasses the fibrous materials 22 about the TT strap 20. The casing 24 mimics the outer
shape of the fibrous materials 22 along the elongate body 21 and around the inboard end 211
and the outboard end 213. That is, top and bottom sides of the TT strap 20 may be
substantially flat or planarized while lateral sides and longitudinal ends of the TT strap 20
may be curved outwardly.

[0037] In order to reduce a weight of the TT strap 20 without sacrificing strength, the
fibrous materials 22 may be formed of a lightweight material such as Kevlar ™ or other para-
aramid synthetic fibers. However, since the use of a material like Kevlar ™ fibers for the
fibrous materials 22 requires that the fibrous materials 22 be maintained in tension at all
times, pretension is applied to the TT straps 22 once the TT straps are formed and installed
into the propulsor 4. This will be discussed in greater detail below.

[0038] With continued reference to FIG. 5 and with additional reference to FIGS. 6A,
6B, 7A and 7B, the central hub 41 includes a first or forward centrifugal load plate
(hereinafter referred to as a “first plate”) 410 (see FIGS. 6A and 6B) and a second or aft
centrifugal load plate (hereinafter referred to as a “second plate”) 411 (see FIGS. 7A and 7B).
The first and second plates 410 and 411 may be aligned with and disposed proximal to one
another and are respectively formed to define attachment or anti-rotation through-holes 412 at
their various blade locations (i.e., the circumferential locations corresponding to the locations
of the blades 40). The central hub 41 further includes a hub casing 413 that in turn includes
an interior part 414 and hub arm parts 415. The interior part 414 surrounds the first and
second plates 410 and 411. The hub arm parts 415 extend outwardly from the interior part

414 at the blade locations and may be formed as tapered cylindrical elements.



WO 2016/201079 PCT/US2016/036653

[0039] The TT straps 20 extend through the hub arm parts 414 to connect to the first
and second plates 410 and 411 and to thereby connect the blades 40 with the central hub 41 at
the blade locations. In greater detail, the TT straps 20 extend through the hub arm parts 414
such that the first anti-rotation features 212 and the interior, oblong vias 216 of the inboard
ends 211 align with the anti-rotation through-holes 412 of the first and second plates 410 and
411. With this arrangement, oblong fasteners 30 are extendable through the anti-rotation
through-holes 412 and the first anti-rotation features 212 to secure the TT straps 20 in place
without permitting rotation of the TT straps 20 relative to the central hub 41. The oblong
fasteners 30 can also be used to secure the blades 40 to the TT straps 20 at the oblong vias
216 of the outboard ends 213 without permitting rotation of the blades 40 relative to the TT
straps 20.

[0040] With the above-described arrangement, at least some of the blades 40 will be
positioned at the top of the propulsor 4 with the helicopter 1 in a grounded condition where
the propulsor 4 is not rotating and thus not generating centrifugal loads. In this case, the
weight of the “top side” blades 40 must be overcome by pretension applied to the
corresponding TT straps 20 lest the corresponding TT straps 20 be exposed to compressive
forces due to the weight of the blades 40.

[0041] To this end, the pretension flanges 23 may be elastically interposable between
distal ends of the hub arm parts 415 and the top and bottom sides of the TT straps 20 with the
pretension flanges 23 being configured to maintain pretension in the fibrous materials above
a predefined level. In accordance with embodiments, the predefined pretention level may be a
relatively small percentage (e.g., about 1%) of an expected centrifugal force load, which will
always exceed at least the weight of each of the blades 40. In accordance with further
embodiments, each pretension flange 23 may include a plate element 230, a flange 231 and
an elastic member 232. The plate element 230 is affixable to either of the top or bottom side
of the TT strap 20 at the outboard end 213. The flange 231 is abuttable with the distal end of
the corresponding hub arm part 415. The elastic member 232 serves to elastically couple the
flange 231 with the plate element 230.

[0042] The application of pretension to the pretension flanges 23 may be achieved as
described below with additional reference to FIG. 8. As shown in FIG. 8, the distal ends of
the hub arm parts 415 may include pretension assemblies 50. The assemblies 50 include a
retainer 51 and a jam nut 52. The jam nut 52 is rotatably disposed on the hub arm part 415 to
assume first, non-tightening positions and second, tightening positions. At the first, non-

tightening position, each jam nut 52 is disposed at an inboard position along the hub arm part
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415 and the retainer 51 does not exert any pretension force onto the pretension flanges 23.
Conversely, at the second, tightening position, each jam nut 52 is disposed at an outboard
position along the hub arm part 415. In this case, the jam nut 52 abuts with the retainer 51
and urges the retainer 51 towards the pretension flange 23. This urging can have a magnitude
sufficient to maintain the TT strap 20 in tension even if the corresponding blade 40 is at a top
position of the propulsor 4 and the weight of the blade 40 is bearing down on the TT strap 20.

[0043] Thus, a method of applying pretension to the TT straps 20 is provided. The
method includes disposing the hub casing 413 as noted above, manipulating the pretension
assemblies 50 to assume the first, non-tightening positions inboard on the hub arm parts 415
and anti-rotationally connecting the TT straps 20 to the central hub 41 and the blades 40 to
the TT straps 20. The method then includes re-manipulating the pretension assemblies 50 to
assume the second, tightening outboard positions on the hub arm parts 415 and against the
pretension flanges 23. Finally, the method may include securing the pretension assemblies 50
in the second, tightening positions by safety cabling via the lug nuts 53 (see FIG. 6).

[0044] 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.
Additionally, while various embodiments of the invention have been described, it is to be
understood that aspects of the invention may include only some of the described
embodiments. By way of example, aspects of the invention can be used in other contexts,
such as propellers used in fixed wing aircraft or blades for wind turbines, or in other non-
aircraft contexts where a tension torsion strap is used and needs to be in consistent minimum
tension. 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 tension torsion strap by which a blade is connectable with a hub of a propulsor,
the tension torsion strap comprising:

an elongate body formed to define attachment features at opposite ends thereof, the
attachment features being connectable to the blade at one of the opposite ends and to the hub
at the other of the opposite ends;

fibrous materials extending along the elongate body and around the attachment
features; and

pretension flanges elastically interposable between the hub and the elongate body,

the pretension flanges being configured to maintain pretension in the fibrous materials
above a predefined pretension level when the attachment features are connected to the blade
and the hub.

2. The tension torsion strap according to claim 1, wherein the elongate body
comprises an [-beam.

3. The tension torsion strap according to either of claims 1 or 2, wherein the
elongate body comprises a strap casing to encompass the fibrous materials.

4. The tension torsion strap according to claim 3, wherein the strap casing
comprises urethane.

5. The tension torsion strap according to any of claims 1-4, wherein the attachment
features comprise racetrack-shaped spools.

6. The tension torsion strap according to any of claims 1-5, wherein the fibrous
materials have a spherical cross-sectional shape at each of the opposite ends.

7. The tension torsion strap according to any of claims 1-6, wherein the fibrous
materials comprise Kevlar ™.,

8. The tension torsion strap according to any of claims 1-7, wherein the pretension
flanges each comprise:

a plate element affixable to one of the opposite ends of the elongate bodys;

a flange abuttable with the hub; and

an elastic member by which the flange is coupled with the plate element.

9. The tension torsion strap according to any of claims 1-8, wherein the predefined

pretention level is a percentage of an expected centrifugal force load.
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10. A propulsor, comprising:

a hub including first and second plates respectively formed to define attachment
through-holes at blade locations;

a hub casing including an interior part surrounding the hub and hub arm parts
extending outwardly from the interior part at the blade locations; and

tension torsion straps in accordance with claim 1, the tension torsion straps being
extendable through the hub arm parts to connect blades with the hub at the blade locations.

11. The propulsor according to claim 10, further comprises oblong fasteners which
are extendable through the attachment through-holes and the attachment features.

12. The propulsor according to either of claims 10 or 11, further comprising
pretension assemblies respectively disposed at each of the hub arm parts.

13. The propulsor according to claim 12, wherein the pretension flanges are
elastically interposable between a corresponding one of the pretension assemblies and the
elongate body and are configured to maintain pretension in the fibrous materials of a
percentage of an expected centrifugal force load.

14. A method of applying pretension to a tension torsion strap by which a blade is
connectable with a hub of a propulsor,

the hub comprising a hub casing including an interior part and hub arm parts such that
the interior part surrounds the hub and the hub arm parts extend outwardly from the interior
part, the method comprising:

manipulating pretension assemblies to assume first, non-tightening positions on the
hub arm parts;

connecting tension torsion straps to the hub and blades; and

re-manipulating the pretension assemblies to assume second, tightening positions on
the hub arm parts and against pretension flanges of the tension torsion straps.

15. The method according to claim 14, further comprising securing the pretension

assemblies in the second, tightening positions.
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4. m No required additional search fees were timely paid by the applicant. Consequently, this international search report is

1re45tr1i8tﬁ(:i3 to the invention first mentioned in the claims; it is covered by claims Nos.:

Remark on Protest D The additivnal search fees were accompanied by the applicant’s protest and, where applicable, the
payment of a protest fee.
D The additional 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.
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-*-Continuation of Box Ill-Observations where unity of invention is lacking-*-

The inventions listed as Groups I-Il do not relate to a single general inventive concept under PCT Rule 13.1 because, under PCT Rule
13.2, they lack the same or corresponding special technical features for the following reasons:

Group | requires the special technical feature(s) of fibrous materials extending along an elongate body, not required by Group 1l

Group Il requires the special technical feature(s) of a hub casing including an interior part and hub arm parts, and pretension assemblies
on the hub arm parts, not required by Group 1.

Groups -l share the common technical features of a tension torsion strap for connecting a blade to a hub of a propulsor, and pretension
flanges on the tension torsion strap for enabling the tension torsion strap to be pretensioned. However, these common technical features
do not represent a contribution to the prior art, because they are anticipated by US 4,373,862 A to Ferris et al. (hereinafter ‘Ferris’).

Ferris teaches a tension torsion strap (50 in Figs. 2-3; col 4, In 5-9; col 6, in 37-44 - "strap” being broadly interpreted as an elongated
tensile load-bearing member) for connecting a blade (16 in Fig. 1; col 3, In 36-39) to a hub (10 in Fig. 1; col 3, In 33-36) of a propulsor
(unless rigidly connected for solely generating lift, the lift rotors of rotorcraft are typically generally capable of also providing at least
some forward impetus and thus acting as propulsors; the tension torsion strap of Figs. 2-3 is potentially connectable to a hub of a
traditional translational propulsor in any event), and pretension flanges (the face of 58 juxtaposed against shoulder 66 in Fig. 3; col 4, In
13-17) on the tension torsion strap for enabling the tension torsion strap to be pretensioned (col 4, In 13-17).

As these common technical feature(s) of Groups | and |l were known in the art at the time of the invention, they cannot be considered
special technical feature(s) that would otherwise unify Groups | and II.

Therefore, Groups I-Hl lack unity under PCT Rule 13 because they do not share the same or corresponding special technical feature(s).
Continuation of Item 4: Claims 5-9 have been held unsearchable because they are dependent claims and are not written in accordance

with the second and third sentences of Rule 6.4(a), and thus are omitted from this analysis and any future search report or written
opinion.

-*-Continuation of Box B Electronic data base consulted during the international search (name of data base and, where practicable,
search terms used) -*-

Search Terms: tension, torsion, strap, member, beam, bar, pre*, tension*, fiber, fibre, fibrous, strap, member, beam, bar, tension torsion
strap, "tension-torsion”, tension-torsion, tie-bar, helicopter, rotorcraft, “rotor craft", girodyne, gyrodyne, "rotary wing", autogiro, autogyro,
stress*, tension®, load*, blade, rotor, propulsor, pretension, pre-tension, preload, pre-load
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