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(54) High flapping yoke hub assembly using a cylindrical elastomeric attachment to avoid holes

(57) An apparatus comprising a rotor yoke (300) comprising two longitudinal side portions (470) interconnected by
two outboard portions (360), wherein a center portion (340) of each longitudinal side portion (470) comprises a build-up
of material that is configured to accommodate a yoke hub clamp (610, 620). Included is an apparatus comprising a rotor
yoke (300) comprising two longitudinal side portions interconnected by two outboard portions (360), wherein no apertures
pass through the two longitudinal side portions (470) and the two outboard portions (360). Also included is a method
(800) of coupling aircraft blades (112) comprising providing a rotor yoke (300) comprising two longitudinal side portions
(470) interconnected by two outboard portions (360), wherein no apertures pass through the two longitudinal side portions
(470) and the two outboard portions (360).
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Description

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] Not Applicable.

STATEMENT REGARDING FEDERALLY SPON-
SORED RESEARCH OR DEVELOPMENT

[0002] Not applicable.

REFERENCE TO A MICROFICHE APPENDIX

[0003] Not applicable.

BACKGROUND

[0004] Rotary-wing aircraft employ a variety of means
to interconnect a rotating rotor mast to a plurality of rotor
blades, including rotor yokes. Manufacturers of rotary-
wing aircraft, such as helicopters, expand the flight en-
velope of their rotorcraft with respect to gross weight,
location of its center of gravity, and top speeds by in-
creasing the flapping of the blades. Ultimately, blade flap-
ping is a result of larger cyclic inputs required to achieve
controlled flight as those conditions vary during flight.
However, the manufacturers must still provide durable
components in the power train while attempting to design
as much flapping in the blades as possible. Many four-
bladed helicopters use composite yokes to provide for
this blade flapping motion. As the blades flap, the com-
posite yokes bend in "flexure" regions where the com-
posite yoke is narrower than in other areas. The com-
posite yokes may be bolted through holes within the
yokes to plates or adapters that spline back to the mast.
Furthermore, the torque of the rotor is transmitted
through these bolts. However, the holes create locations
where stress may be concentrated that may result in the
yoke’s failure. Interlaminar shear strain is one such stress
that accounts for a significant number of failures in these
composite yokes. Therefore, these flexure regions of the
composite yoke are typically located as far away from
these holes to minimize impact of the stress generated
from the bending generated by the blade flapping motion.

SUMMARY

[0005] In one aspect, the disclosure includes an appa-
ratus comprising a rotor yoke comprising two longitudinal
side portions interconnected by two outboard portions,
wherein a center portion of each longitudinal side portion
comprises a build-up of material that is configured to ac-
commodate a yoke hub clamp.
[0006] In another aspect, the disclosure includes an
apparatus comprising a rotor yoke comprising two longi-
tudinal side portions interconnected by two outboard por-
tions, wherein no apertures pass through the two longi-
tudinal side portions and the two outboard portions.

[0007] In yet another aspect, the disclosure includes a
method of coupling aircraft blades comprising providing
a rotor yoke comprising two longitudinal side portions
interconnected by two outboard portions, wherein no ap-
ertures pass through the two longitudinal side portions
and the two outboard portions.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] For a more complete understanding of this dis-
closure, reference is now made to the following brief de-
scription, taken in connection with the accompanying
drawings and detailed description, wherein like reference
numerals represent like parts.

FIG. 1 is a perspective view of a helicopter according
to an embodiment of the disclosure;

FIG. 2 is a perspective view of a power train accord-
ing to an embodiment of the disclosure;

FIG. 3 is a top plan view of a loop style rotor yoke
according to an embodiment of the disclosure;

FIG. 4 is a side elevation view of the loop style rotor
yoke of FIG. 3 according to an embodiment of the
disclosure;

FIG. 5A is a side view of the central portion of a loop
style rotor yoke of FIG. 3 as seen from the line 5 - 5
in FIG. 3 according to embodiments of the disclo-
sure; FIG. 5B is a side view of the central portion of
a loop style rotor yoke of FIG. 3 as seen from the
line 5 - 5 in FIG. 3 according to embodiments of the
disclosure;

FIG. 6 is an isometric view of a yoke hub assembly
according to an embodiment of the disclosure;

FIG. 7 is a cross-section view of the central portion
of the yoke hub assembly of FIG. 6 from the per-
spective of line 7 - 7 in FIG. 6 according to an em-
bodiment of the disclosure;

FIG. 8 is a flowchart illustrating a method of con-
structing a yoke assembly comprising a rotor yoke
without apertures according to an embodiment of the
disclosure; and

FIG. 9 is a flowchart illustrating a method for provid-
ing a yoke and operating an aircraft comprising the
yoke according to an embodiment of the disclosure.

DETAILED DESCRIPTION

[0009] It should be understood at the outset that al-
though an illustrative implementation of one or more em-
bodiments are provided below, the disclosed systems
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and/or methods may be implemented using any number
of techniques, whether currently known or in existence.
The disclosure should in no way be limited to the illus-
trative implementations, drawings, and techniques illus-
trated below, including the exemplary designs and im-
plementations illustrated and described herein, but may
be modified within the scope of the appended claims
along with their full scope of equivalents.
[0010] A mechanism to accommodate increased flap-
ping motion by rotary-wing aircraft blades is disclosed.
The mechanism provides for a yoke hub assembly con-
figured to provide a clamping force around a yoke that
may eliminate the need for holes in the yoke. One benefit
of this mechanism may be to eliminate a source of failure
experienced by such yokes from stresses, such as inter-
laminar shear strain. Another potential benefit realized
by this mechanism may be to provide a greater total flap-
ping angle by the rotary-wing aircraft blades.
[0011] FIG. 1 is a perspective view of a helicopter 100.
Certain embodiments of the disclosure may be used with
a rotary-wing aircraft such as helicopter 100. However,
it should be understood that the helicopter example is
given merely for illustration purposes only. Embodiments
of the present disclosure are equally applicable to all air-
planes, tilt-rotor aircraft, and the disclosure should not
be limited to any particular setting or application.
[0012] Helicopter 100 includes a main rotor assembly
110, a tail rotor assembly 120, a fuselage 130, and land-
ing gear 140. Main rotor assembly 110 includes two or
more blades 112 that are rotated about an axis of rotation
114 in either a clockwise direction or a counterclockwise
direction as indicated by arrow 116. Main rotor assembly
110 generates a lift force that supports the weight of hel-
icopter 100 and a thrust force that counteracts aerody-
namic drag.
[0013] Tail rotor assembly 120 includes two or more
blades 122 that are rotated about an axis of rotation 124
in either a clockwise direction or a counterclockwise di-
rection as indicated by arrow 126. Tail rotor assembly
120 counters the torque effect created by main rotor as-
sembly 110 and allows a pilot to control the direction hel-
icopter 100 is pointed.
[0014] Fuselage 130 is the main body section of heli-
copter 100. Fuselage 130 optionally holds the crew, pas-
sengers, and/or cargo and houses the engine, transmis-
sion, gearboxes, drive shafts, control systems, etc. that
are needed to establish an operable helicopter. Landing
gear 140 is attached to fuselage 130, supports helicopter
100 on the ground, and allows it to take off and land.
[0015] FIG. 2 is a perspective view of a power train
200. Power train 200 can be used in a rotary-wing aircraft
such as helicopter 100 shown in FIG. 1. Power train 200
is not however limited to any particular setting. Addition-
ally, it should be noted that the particular example shown
in FIG. 2 shows a soft-in plane rotor system having four
blades 112. Embodiments of the disclosure are not lim-
ited to any particular configuration of rotor system and
blades, and embodiments may include any type of rotor

system (e.g., fully articulated, rigid, semi rigid, etc.) and
may include any number of blades (e.g., 2, 3, 4, 5, 6, etc.).
[0016] Power train 200 includes a transmission 202
that receives power from an engine (not shown) through
a driveshaft 204. Transmission 202 drives accessories
and controls the rotation 116 of mast 206 about an axis
of rotation 114. Mast 206 transfers its rotational move-
ment to blades 112 through a hub 208 that connects mast
206 to blades 112.
[0017] Hub 208 optionally includes one or more flexible
yokes 210 that enable blades 112 to flap up in the direc-
tion indicated by arrow 212 and flap down in the direction
indicated by arrow 214. Hub 208 may also include a main
rotor grip 216 for each blade 112 that is attached to hub
208. The main rotor grip 216 includes an outboard end
that attaches to a blade 112, an inboard end that attaches
to a pitch horn 218, and a spindle between the outboard
end and the inboard end. The spindle is supported by a
shear bearing 220 that holds the spindle in place and
allows it to rotate. Shear bearing 220 is in turn held in
place by a bridge plate 222 that attaches shear-bearing
220 to yoke 210.
[0018] Each pitch horn 218 is connected to a pitch link-
age 224. Each pitch linkage 224 is driven up and down
(e.g., in the directions shown by arrows 212 and 214) by
a swashplate assembly 226. Accordingly, as swashplate
assembly 226 moves, it drives pitch linkage 224 which
drives pitch horn 218 which rotates main rotor grip 216
about shear bearing 220. This allows the pitch of each
of the blades 112 to be controlled. For instance, each
blade 112 is able to rotate clockwise or counterclockwise
as indicated by arrow 228 about an axis of rotation 230
that runs along the length of each blade 112.
[0019] This disclosure provides for a yoke hub assem-
bly comprising upper and lower portions contoured to
accept a plurality of flexible yokes 210 with geometrically
shaped buildups towards their inboard areas. When the
upper and lower portions of the yoke hub assembly are
fastened together outside of the yoke, a clamping force
is created that may eliminate the need for these holes.
Therefore, any potential failure from stresses around the
bolt holes, such as interlaminar shear strain, may also
be eliminated. Another potential benefit realized by this
disclosure may be the geometrically shaped buildup ar-
eas of the composite yokes create a pivot point within
the yoke hub assembly. This may in turn permit blade
grip and blade to flap to a greater angle than the yoke.
This kinematic effect may limit yoke strain while still pro-
viding a greater total flapping angle by the blade.
[0020] FIGS. 3 and 4 illustrate an embodiment of a loop
style 300 version of a flexible yoke 210 according to the
disclosure. FIG. 3 depicts a top plan view of the loop style
flexible yoke 300, whereas FIG. 4 depicts a side elevation
view of the loop style flexible yoke 300. Loop style flexible
yoke 300 provides a means of interconnecting a mast
centered at an axis of rotation 114 to a plurality of blades
extending in the direction of arrows 320 and 330 via a
hub in a helicopter 100. As illustrated in this embodiment,
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loop style flexible yoke 300 is generally configured as an
elongated loop or racetrack shape, although other
shapes (rectangular, circular, oval, etc.) may be used.
Loop style flexible yoke 300 comprises a pair of spaced
apart longitudinal side portions 470 interconnected by a
pair of rounded outboard portions 360 that form the elon-
gated loop around an axis of rotation 114. Each longitu-
dinal side portion 470 may comprise a central portion 340
located adjacent to the axis of rotation 114 connected to
a plurality of flexure portions 350 each located outboard
of the central portion 340. The flexure portions 350 permit
a plurality of blades of a helicopter to flap in the direction
of arrows 410 and 420. The central portion 340 of the
longitudinal side portion 470 may further comprise a ge-
ometrically-shaped buildup portion 430 along a lateral
axis 380 that is both orthogonal to and intersects the axis
of rotation 114. This disclosure uses a loop style flexible
yoke only as an example. The proposed yoke hub as-
sembly 300 is not limited to a loop style rotor yoke, but
may take the form of any flexible yoke.
[0021] One feature this disclosure employs to permit
greater flapping by the blades of a helicopter is a geo-
metrically shaped buildup portion 430 of the central por-
tion 340 of a plurality of loop style flexible yokes 300 when
viewed along a yoke plane defined by the longitudinal
side portions 470 and the outboard portions 360. The
cross-section of the geometrically shaped buildup portion
430 may take the form of numerous geometric shapes,
such as the geometric shapes illustrated in FIGS. 5A and
5B. FIG. 5A is a side view the central portion of a loop
style flexible yoke 300, as seen from the line 5 - 5 in FIG.
3. FIG. 5B provides an alternative embodiment to
[0022] FIG. 5A using an oval geometrically shaped
buildup portion 430 instead of a circular geometrically
shaped buildup portion 430. Both of these views illustrate
the geometrically shaped buildup portion 430 that pro-
vides a pivot point within the yoke hub assembly 500
along an orthogonal lateral axis that intersects with the
axis of rotation 114. While any shape will work, there are
advantages to having rounded shapes, such as ease of
manufacturing and potentially increased flapping.
[0023] FIGS. 6 and 7 illustrate an embodiment of a
yoke hub assembly 600 according to the disclosure. FIG.
6 illustrates an isometric view of the yoke hub assembly
600, whereas FIG. 7 depicts a cross-section view of the
yoke hub assembly 600 from the perspective of line 7 -
7 in FIG. 6. Yoke hub assembly 600 comprises an upper
clamping assembly 610, a lower clamping assembly 620,
and a plurality of loop style flexible yokes 300. The upper
clamping assembly 610 comprises an inboard section
612 and a plurality of arms 614 extending radially from
the axis of rotation 114. Similarly, the lower clamping
assembly 620 also comprises an inboard section 612
and a plurality of arms 614 extending radially from the
axis of rotation 114.
[0024] The upper and lower clamping assembly in-
board sections 612 each further comprise an aperture
613 or other attachment mechanisms that are configured

to attach the yoke hub assembly 600 to the mast (not
shown). Each of the upper clamping assembly arms 614
further comprises an outboard end 616, a top portion
717, and a bottom portion 718. Similarly, each of the low-
er clamping assembly arms 614 also further comprise an
outboard end 616, a top portion 717, and a bottom portion
718. Outboard ends 616 each have one or more aper-
tures configured to accept nuts 710 and bolts 715 or other
mechanisms to provide a clamping force between the
upper and lower clamping assemblies 610 and 620. The
bottom portions of the upper and lower clamping assem-
blies 718 are contoured to accept the geometrically
shaped buildup portions 430 of a loop style flexible yoke
300. Additionally, to both protect and facilitate the pivot-
ing action of the loop style flexible yoke 300, a cushioning
material 730 may be included. The cushioning material
730 may be located between the bottom portions of the
upper and lower clamping assemblies 718 and the adja-
cent geometrically shaped buildup areas 430 of the loop
style flexible yoke 300. The cushioning material 730 may
be any appropriate cushioning material, including elas-
tomeric material, rubber, and polymers, such as ure-
thane. The density of the cushioning material 730 may
also be selected by taking into account the desired cush-
ioning durability of the cushioning material 730. Also, the
cushioning material 730 may include a protective layer
740 to improve durability by mitigating frictional forces
applied to the cushioning material 730 during operation.
In one embodiment, the protective layer 740 may com-
prise a cloth imbedded in the cushioning material 730.
In another embodiment, the protective layer 740 may
comprise a fluorocarbon polymer fabric, such as Teflon
cloth. The thickness of the cushioning material 730 may
be selected by taking into account the desired cushioning
characteristics.
[0025] Referring now to FIG. 8, an exemplary method
of constructing a yoke assembly comprising a rotor yoke
without apertures for coupling aircraft blades. The meth-
od 800 comprises, at block 810, building up the central
portion of a rotor yoke in a geometric shape along a lateral
axis that is both orthogonal to and intersects the axis of
rotation. The built up area of the central portion of the
rotor yoke provides a pivot point within the yoke assembly
along the orthogonal lateral axis that intersects with the
axis of rotation. At block 820, the rotor yoke is inserted
into a yoke hub assembly comprising a plurality of yoke
hub clamps. The yoke hub clamps are contoured to fit
the built up area of the center portion of the rotor yoke.
At block 830, the method 800 may optionally comprise
positioning a cushioning material between the rotor yoke
and the yoke hub clamps. At block 840, the method 800
optionally comprises constructing a protective layer
around the cushioning material. At block 850, the yoke
hub assembly is clamped around the rotor yoke by ap-
plying a fastening means to ensure the yoke hub assem-
bly remains around the rotor yoke.
[0026] FIG. 9 illustrates an exemplary method for cou-
pling aircraft blades according to this disclosure. The
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method 900 optionally comprises, at block 910, providing
a rotor yoke according to this disclosure. In some em-
bodiments, "providing" may be designing, manufactur-
ing, or assembling the apparatus comprising a rotor yoke
according to this disclosure. Then, at block 920, the meth-
od comprises operating an aircraft comprising a rotor
yoke according to this disclosure.
[0027] At least one embodiment is disclosed and var-
iations, combinations, and/or modifications of the em-
bodiment(s) and/or features of the embodiment(s) made
by a person having ordinary skill in the art are within the
scope of the disclosure. Alternative embodiments that
result from combining, integrating, and/or omitting fea-
tures of the embodiment(s) are also within the scope of
the disclosure. Where numerical ranges or limitations are
expressly stated, such express ranges or limitations
should be understood to include iterative ranges or lim-
itations of like magnitude falling within the expressly stat-
ed ranges or limitations (e.g., from about 1 to about 10
includes, 2, 3, 4, etc.; greater than 0.10 includes 0.11,
0.12, 0.13, etc.). For example, whenever a numerical
range with a lower limit, Rl, and an upper limit, Ru, is
disclosed, any number falling within the range is specif-
ically disclosed. In particular, the following numbers with-
in the range are specifically disclosed: R = Rl + k * (Ru-Rl),
wherein k is a variable ranging from 1 percent to 100
percent with a 1 percent increment, e.g., k is 1 percent,
2 percent, 3 percent, 4 percent, 5 percent, ... 50 percent,
51 percent, 52 percent, ..., 95 percent, 96 percent, 97
percent, 98 percent, 99 percent, or 100 percent. Moreo-
ver, any numerical range defined by two R numbers as
defined in the above is also specifically disclosed. The
use of the term about means 610% of the subsequent
number, unless otherwise stated. Use of the term "op-
tionally" with respect to any element of a claim means
that the element is required, or alternatively, the element
is not required, both alternatives being within the scope
of the claim. Use of broader terms such as comprises,
includes, and having should be understood to provide
support for narrower terms such as consisting of, con-
sisting essentially of, and comprised substantially of. Ac-
cordingly, the scope of protection is not limited by the
description set out above but is defined by the claims that
follow, that scope including all equivalents of the subject
matter of the claims. Each and every claim is incorporated
as further disclosure into the specification and the claims
are embodiment(s) of the present disclosure. The dis-
cussion of a reference in the disclosure is not an admis-
sion that it is prior art, especially any reference that has
a publication date after the priority date of this application.
The disclosure of all patents, patent applications, and
publications cited in the disclosure are hereby incorpo-
rated by reference, to the extent that they provide exem-
plary, procedural, or other details supplementary to the
disclosure.
[0028] While several embodiments have been provid-
ed in the present disclosure, it should be understood that
the disclosed systems and methods might be embodied

in many other specific forms without departing from the
spirit or scope of the present disclosure. The present ex-
amples are to be considered as illustrative and not re-
strictive, and the intention is not to be limited to the details
given herein. For example, the various elements or com-
ponents may be combined or integrated in another sys-
tem or certain features may be omitted, or not implement-
ed.
[0029] In addition, techniques, systems, subsystems,
and methods described and illustrated in the various em-
bodiments as discrete or separate may be combined or
integrated with other systems, modules, techniques, or
methods without departing from the scope of the present
disclosure. Other items shown or discussed as coupled
or directly coupled or communicating with each other may
be indirectly coupled or communicating through some
interface, device, or intermediate component whether
electrically, mechanically, or otherwise. Other examples
of changes, substitutions, and alterations are ascertain-
able by one skilled in the art and could be made without
departing from the spirit and scope disclosed herein.

Claims

1. An apparatus comprising:

a rotor yoke comprising:

two longitudinal side portions interconnect-
ed by two outboard portions, wherein a cent-
er portion of each longitudinal side portion
comprises a build-up of material that is con-
figured to accommodate a yoke hub clamp.

2. The apparatus of claim 1, wherein the build-up of
material in the center portion has a cross-section that
is circular in shape when viewed along a yoke plane
defined by the longitudinal side portions and the out-
board portions.

3. The apparatus of claim 1 or claim 2, wherein the
build-up of material in the center portion has a cross-
section that is oval in shape when viewed along a
yoke plane defined by the longitudinal side portions
and the outboard portions.

4. The apparatus of claim 1 or claim 2 or claim 3, where-
in no apertures pass through the longitudinal side
portions and the outboard portions.

5. The apparatus of claim 1 or of any of claims 2 to 4,
further comprising an aircraft fuselage comprising
an engine, wherein the engine is coupled to a mast
that is coupled to a yoke hub, and wherein the yoke
hub is coupled to a plurality of blades through the
rotor yoke.
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6. The apparatus of claim 5, wherein the yoke hub com-
prises the yoke hub clamp.

7. The apparatus of claim 6, wherein the hub clamp
does not extend past the center portion, and/or
wherein a cushioning material is positioned between
the hub clamp and the rotor yoke, and optionally or
preferably wherein the cushioning material compris-
es rubber, an elastomeric material, or a polymer ma-
terial.

8. An apparatus comprising:

a rotor yoke comprising:

two longitudinal side portions interconnect-
ed by two outboard portions, wherein no ap-
ertures pass through the two longitudinal
side portions and the two outboard portions.

9. The apparatus of claim 8, further comprising an air-
craft fuselage comprising an engine, wherein the en-
gine is coupled to a mast that is coupled to a yoke
hub, wherein the yoke hub is coupled to a plurality
of blades through the yoke, and wherein the yoke
hub further comprises a hub clamp contoured to ac-
cept at least one rotor yoke.

10. The apparatus of claim 9, wherein a center portion
of each longitudinal side portion comprises a build-
up of material that is configured to accommodate a
yoke hub clamp.

11. The apparatus of claim 10, wherein the hub clamp
does not extend past the center portion, and/or
wherein a cushioning material is positioned between
the hub clamp and the rotor yoke, and optionally or
preferably wherein the cushioning material compris-
es rubber, an elastomeric material, or a polymer ma-
terial.

12. The apparatus of claim 11, wherein the cushioning
material is surrounded by a protective layer.

13. A method of coupling aircraft blades comprising:

providing a rotor yoke comprising two longitudi-
nal side portions interconnected by two out-
board portions, wherein no apertures pass
through the two longitudinal side portions and
the two outboard portions.

14. The method of claim 13, wherein providing compris-
es designing the rotor yoke, and/or wherein providing
comprises manufacturing the rotor yoke.

15. The method of claim 13 or of claim 14, wherein pro-
viding comprises assembling the rotor yoke to an

aircraft.
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