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HELICOPTER TAIL ROTOR BLADES AND BLADE ASSEMBLIES

CROSS REFERENCE TORELATED APPLICATIONS

{6001] This application claims the benefit of and priority to U.S. Provisional Application Ser.
No. 62/288,99¢ filed January 29, 2016, the disclosure of which is herein incorporated by

reference in its entirety.

BACKGROUND OF THE INVENTION

1. Field of the Invention

[6002] The present disclosure relates to helicopters, and more particularly to anti-torque

systems for helicopters.

2, Diescription of Belated Arxt

{6003] Helicopters commonly inclade a main rotor system operably connected to an engine
and rotatably sapported by an airframe. The engine provides mechanical rotation to the main
rotor system such that main rotor blades of the main rotor system rotate about the helicopter
airframe, thereby providing lift and forward thrust to the helicopter. As the main rotor blades
rotate about the helicopter airframe, the main rotor system applies torque to the airframe that
tends to rotate the airframe. In order to stabilize the airframe against the tendency to rotate in
response o main rotor system rotation, helicopters generally include an anti-torque system that
applies a counterforce to the airframe in opposition to the torque associated with rotation of the
matin rotor system. Such anti-torgue systems typically inchude a tail rotor operably connected
to the engine and rotatable for generating thrust with a force component in opposition the
torque associated with rotation of the main rotor system. The tail rotor thrust is typically
commensurate with the rotational speed of the tail rotor, pitch settings of respective tail rotor
blades, and the ambient atmospheric conditions. Under certain atmospheric conditions, such as
in high and/or hot conditions, thrust generated by the tail rotor within the tail rotor blade pitch
adjustment range can be reduced, potentially reducing the performance capabilities of the
helicopter.

{8004] Such conventional methods and systems have generally been considered satisfactory for

their intended purpose. However, there is still a need in the art for improved blades and blade

assemblies for helicopter tail rotors. The present disclosure provides a solution for this nead.
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SUMMARY OF THE INVENTION

[0005] A tail rotor blade for a helicopter inchudes a blade body defining a longitudinal spar
cavity, a leading edge forward of the spar cavity, and a trailing edge aft of the spar cavity.
Upper and lower airfoil surfaces extend from the leading edge to the trailing edge on opposite
sides of the spar cavity. The upper and lower airfoil surfaces define between one another a
constant airfoil segment and transition airfoil segments disposed longitudinally adjacent to the

constant airfoil segment on inboard and outboard sides of the constant airfoil segment.

[8006] In certain embodiments, the constant airfoil segment can taper chordwise between a
longitudinally inboard end and a longitudinally outboard end of the constant airfoil segment.
The constant airfoil segment can define an asymmetric airfoil relative to a chord intersecting
the leading and trailing edges of the blade body. The constant airfoil segment can define a
YR7 airfoil profile. The constant airfoil section can longitudinally span about 30% of the

length of the blade body.

{68071 In accordance with certain embodiments, the constant airfoil segment can be a first
constant airfoil segment, and the blade body can include a second constant airfoil segment.
The second constant airfoil segment can be disposed longitadinally outboard of the first
constant airfoil segment. The second constant airfoil segment can be coupled to the first
constant airfoil segment by the second transition airfoil segment. The second constant airfoil
segment defines a SSCAQ9 airfoil profile along the longitudinal length of the blade. The
second constant airfoil section can longitudinally span about 13% of the length of the blade
body. A tip cap can be connected to a longitudinally outhboard end of the second constant
airfoil segment. A tip rip can be disposed within the tip cap and outboard of the second

constant airfoil segment.

[0008] It is also contemplated that, in accordance with certain embodiments, the first transition
airfoil segment can define an SU2013 airfoil profile along its longitudinal length. The 5U2013
can be defined on an end of the first transition segment longitudinally opposite the constant
airfoil segment. The first transition segment can taper longitudinally between an outboard
chord length and an inboard chord length, the outhoard chord length being greater than the
inboard chord length. The first transition airfoil segment can longitudinally span about 10% of
the longitadinal length of the blade body. The second transition airfoil segment can define an
SSCAQY airfoil profile along its longitudinal length. The SSCAQY airfoil profile can be
defined on an end of the second transition segment opposite the constant airfoil segment. The

second transition segment can taper longitudinally between an inboard chord length and an
2
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outhoard chord length, the inboard chord length being greater than the outboard chord length.
The second transition atrfoil segment can longitudinally span abowt 7% of the length of the

blade body.

{6009] It is further contemplated that, in accordance with certain embodiments, the blade body
can include a symmetrical airfoil segment. The symmetrical airfoil segment can be connected
to the constant airfoil segment by the first transition airfoil segment. The symmetrical airfoil
segment can define an airfoll profile that is symmetrical relative to a chord extending between
the leading and trailing edges of the blade body. The symumetrical airfoil segment can have an
increasing taper between a longitudinally inboard end and a longitudinally outboard end of the
symmetrical airfotl segment. The symmetrical airfoi] segment can define an SU2021 airfoil
profile on the longitudinally inboard end, and an SU2013 airfoil profile on the longitudinally
outboard end of the symmetrical airfoil segment. The symmetrical airfoil segment can span

about 35% of the length of the blade body.

{0010] These and other features of the systems and methods of the subject disclosare will
become more readily apparent to those skilled in the art from the following detailed description

of the preferred embodiments taken in conjunction with the drawings.

BRIEY DESCRIPTION OF THE DRAWINGS

{6011] So that those skilled in the art to which the subject disclosure appertains will readily
understand how to make and use the devices and methods of the subject disclosure without
undue experimentation, embodiments thereof will be described in detail herein below with

reference to certain figures, wherein:

{6012] Fg. 1 is a perspective view of an view of an exemplary embodiment of a helicopter
constructed in accordance with the present disclosure, showing a tail rotor assembly with a

pharality of blades:

[0013] Fig. 2 is a plan view of the tail rotor assembly shown in Fig. 1, showing first and second
blades fixed to opposed longitudinal ends of a spar;

{0014] Fig. 3 is a perspective view of the tail rotor blade of the helicopter shown in Fig. 1,
showing the internal and external construction of the tail rotor assembly;

{8015] Fig. 4 is a spanwise plan view of a blade body of the tail rotor assembly of Fig. 1,

showing the airfoil definition transitions along the longitudinal length of the blade body; and
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16816] Fgs. 5 - 7 are chordwise cross-sectional views of the blade body of Fig. 5, showing the
atrfoil profile of the symmetrical airfoils segment, a first constant airfoil segment, and a second

constant airfoil segment, respectively.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

{8017] Reference will now be made to the drawings wherein like reference numerals identify
similar structural features or aspects of the subject disclosure. For purposes of explanation and
ilustration, and not limitation, a partial view of an exemplary embodiment of a tail rotor blade
assernbly in accordance with the present is shown in Fig. T and is designated generally by
reference character 100. Other ernboduments of fail rotor blade assemblies, blade bodies for tail
rotor asserablies, and helicopters with tail rotor systems having such tail rotor blades and tail
rotor blade assemblies in accordance with the disclosure, or aspects thereof, are provided in
Figs. 2 — 7, as will be described. The systems and methods described herein can be used {or
restoring or improving tail rotor authority in high and/or hot operating environments, however

the invention is not limited to helicopters or to rotorcraft generally.

[0018] Referring now Fig. 1, helicopter 10 is shown. Helcopter 10 includes an airframe 12
with a fongitudinally extending tail 14. Airframe 12 carries one or more engines 16 and
rotatably supports a main rotor system 18 and a tail rotor system 20. Main rotor system 18
includes a plurality of main rotor blades 22. Main rotor blades 22 are connected to a main rotor
shaft 24 and are contigured for rotation relative to airframe 12 about a main rotor axis A. Tail
rotor system 20 includes one or more tail rotor assembly 100. Tail rotor assembly 100 is
comnected to a tail rotor shaft 26 and is configured for rotation relative to airframe 12 about a
tail rotor axis B. Although a particular configuration of helicopter is illustrated in Fig. 1 and
described herein, it is to be appreciated and understood that other helicopter and tail rotor

system configurations can benefit from the present disclosure.

{0019] Tail rotor system 20 is configured to counteract torque applied to airframe 12 by
rotation of main rotor systemn 18 about main rotor axis A. In this respect, the one or more tail
rotor assembly 100 generates thrust having a force component F that opposes torque T applied
to airframe 12 by rotation of main rotor system 18 about main rotor axis A. Tail rotor system
20 exerts force component F on longitudinally extending tail 14 with a magnitude that
corresponds to the pitch of the one or more tail rotor assembly 100, rotational speed of tail rotor
assembly 100, and atmospheric conditions in the immediate environment external to helicopter

10. As will be appreciated by those of skill in the art in view of the present disclosure,
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atmospheric conditions external to helicopter 10 can influence the amount of thrust generated

by the one or more tail rotor assembly 100, potentially limiting tail rotor authority.

{6028] Helicopters, including helicopter 10, generally have a maximum altitude for forward
flight that is greater than the maximum height at which hover can be maintained. This is
hecause, for a given tail rotor blade setting and tail rotor speed, thrust is a function of air
pressure. As air pressure decreases with increasing altitude, thrust drops, and helicopter 10
reaches an altitude where the thrust is no longer sufficient to offset the torque applied to the
airframe by the main rotor system — at which point the airframe will begin to rotate — due to
loss of tail rotor authority. Tail rotor assembly 100 is configured and adapted to provide
increased thrust for a given tail rotor pitch and rotational speed, thereby generating additional

thrust for air pressure and increasing the maximum hover altitude of helicopter 10.

[0021] With reference to Fig. 2, tail rotor assembly 100 is shown. Tail rotor assembly 100
includes a spar 102, a first blade body 104, and a second blade body 106. Spar 102 defines a
longitudinal axis C and a drive apertare 112, Drive aperture 112 is centrally disposed along
spar 102 and extends about rotation axis B. First blade body 104 couples to spar 102 on a side

of drive aperture 112 opposite second blade body 106.

16022] With reference to Fig. 3, first blade body 104 and second blade body 106 are shown.
First blade body 104 defines within its interior a longitudinally extending spar cavity 122, a
leading edge 126 forward of spar cavity 122, and a trailing edge 128 aft of spar cavity 122.
First blade body 104 also defines an upper airfoil surface 130 that extends from leading edge
126 of first blade body 104 and trailing edge 126 of first blade body 104, and a lower airfoil
surface 132 that extends from leading edge 126 to tratling edge 128 on a side of first blade

body 104 opposite upper airfoil surface 130.

{6023] Spar cavity 122 extends longitudinally along first blade body 104 and within an interior
defined between upper airfoil surface 130 and lower airfoil surface 132, Between leading edge
126 and traiking edge 128 the interior of {irst blade body 104 defines a plurality of airfoil
profiles extending abowt spar cavity 122. The airfoil profiles defined by the interior of first
blade body 104 change according to longitudinal position along the length of first blade body
104, In this respect, and as will be described further below, first blade body 104 has an airfoil
definition with a longitudinal airfoil distribution where the widest chord of airfoil is disposed
inboard of the outboard end of the blade body and within a constant airfoil segment. A tip cap
138 with a tip cap rib 124 is connected to an outboard end of first blade body 104. Second

blade body 106 is similar to first blade body 104 with the difference that a leading edge 134 of
5
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second biade body 106 is disposed on a side of spar 102 opposite leading edge 126 of first
blade body 104.

[0024] Spar 102 has a first end 108 and an opposed second 110, First end 108 of spar 102 1s
coupled to second end 110 of spar 102 such that they form a continuous structure {e.g., without
a lateral seam} and define longitudinal axis C. Drive aperture 112 is configured and adapted to
receive tail rotor shaft 26 (shown in Fig. 1} and receive mechanical rotation therethrough. First
end 108 of spar 102 is seated within spar cavity 122 of first blade body 104. Second end 11§
of spar 102 is seated within the spar cavity of second blade body 106. Fasteners 116 {only one
shown for purposes of clarity) seat within respective apertures 114 defined in spar 102, fixing
first blade body 104 to first end 108 of spar 102. An adhesive or resin material may cooperate
with fasteners 116 to fix first blade body 104 to spar 102. Although a single tail rotor assembly
100 1s shown baving a first blade body 104 and a second blade body 106, it is to be understood
and appreciated that tail rotor systems may inchude two or more tail rotor assemblies, as
suitable for a given application. In certain embodiments, tail rotor system may include two tail

rotor assemblies angled relative to one another at a 90-degree or any other suitable angle.

[8025] A pitch horn 118 1s fixed to spar 102 and first blade body 104 longitadinally along spar
102 between drive aperture 112 and first blade body 104. One or more balance weights 120 are
connected to an outboard end of spar 102 for balancing tail rotor assembly 100 and reducing
vibration during rotation. Second end 110 of spar 102 is similar to first end 108 of spar 102. In
embodiments, spar 102 and pitch horn 118 may be substantially identical to the flex beam
assembly and pitch hom provided on tail rotor assemblies provided with S-70 or Black Hawk®
helicopters, available from Sikorsky Aircraft Corporation of Stratford, Connecticat. This
allows for the upgrading existing helicopters with the distributed airfoil definition of first blade
body 104 and second blade body 106, as further described below, without the need to replace

the control system or pitch rod assembly currently in place on sach aircraft.

[0026] With reference to Fig. 4, the airfoil definition of first blade body 104 is shown. First
blade body 104 has a longitudinally distributed airfoil definition including a plurality of airfoil
segments defining different airfoil profiles. In the illustrated exemplary embodiment, first
blade body 104 includes a root transition airfoil segment 150, a symmetrical airfoil segment
152, and an inboard transition airfoil segment 154, First blade body 104 also includes a mid-
span constant airfoil segment 156, an outhoard transition airfoil segment 158, and an outboard

constant airfoil segment 160,
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{6027] Root transition airfoil segment 150 is coupled to pitch horn 118 (shown in Fig. 3} on its
inboard end, 1.e. on a side of pitch horn 118 opposite drive aperture 112, Symmetrical airfoil
segment 152 is connected to an ocutboard end of root transition airfoil segment 150. Inboard
transition airfoil segment 154 is connected to an outhoard end of symmetrical airfoil segment
152. Mid-span constant airfoil segment 156 is connected to an outboard end of inboard
transition airfoil segment 154. Outboard transition airfoil segment 158 is connected to an
outboard end of mid-span constant airfoil segment 156. Outboard constant airfol segment 160
is connected to an outboard end of ocutboard transition airfoil segment 158, Tip cap 138 is

connected to an outboard end of outboard constant airfoil segment 160.

{0028] Root transition airfoil segment 150 has a blended airfoil profile that transitions between
first and second airfoil profiles. In this respect, on a spanwise inboard end adjacent to pitch
horn 118 (shown in Fig. 2), root transition airfoil segment 150 defines an SU2023 airfoil
profile. On a spanwise opposite, outboard end, mid-span constant airfoil segment 156 defines
an SU2021 airfoil profile. Root transition airfoil segment 150 extends from the 0.25
normalized radial length position to about the (.29 normalized radial length position of tail
rotor assembly 100 (shown in Fig. 1) between the first and second profiles root transition, root
transition airfoil segment 150 thereby forming about 5% of the spanwise length of tail rotor

assermbly 100.

[0029] Symmetrical airfol] segroent 152 has a syrametrical airfoil profile (shown in Fig. 5) that
tapers chordwise between a longitudinally inboard end and a longitudinally outhboard end, the
taper generally increasing toward the ouotboard end of symmetrical airfoil segment 152, Onoa
spanwise inboard end adjacent to root transition airfoil segment 150, symmetrical airfoil
segment 152 defines an SU2021 airfoil profile. On a spanwise opposite, outhoard end,
symmetrical airfoil segment 152 defines an SU2Z013 airfoil profile. Therebetween, symmetrical
airfoil segment 152 extends from the 0.3 normalized radial length position to about the .56
normalized radial fength position of tail rotor assembly 100 (shown in Fig. 1), symmetrical

airfoil segment 152 forming about 25% of the radial length of tail rotor assembly 100.

{6030] Inboard transition airfoil segment 154 has a blended airfoil profile that transitions
between a symmetrical airfoil profile and to an asymmetrical airfoil profile. In this respect, on
a spanwise inboard end adjacent to symmetrical airfoil segment 152, inboard transition airfoil
segment 154 defines an SU2013 airfoil profile. On a longitudinally opposite, outboard end,
inboard transition airfoil segment 154 defines a VR7 airfoil profile. inboard transition airfoil

segment 154 extends from the (.56 normalized radial length location to about the (.64

7
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normalized radial length potion of tail rotor assembly 100 (shown in Fig. 1), inboard transition

airfoil segment 154 forming about 10% of the radial length of tail rotor assembly 100,

{8031] Mid-span constant airfoil segment 136 has an asymmetrical airfoil profile that is
constant along the segment spanwise length. In this respect, mid-span constant airfoil segment
156 defines a VR7 airfoil profile (shown in Fig. §) continuously along the segment length that
extends from about the 0.64 normalized radial length position to about the 0.85 normalized
radial length position of tail rotor assembly 100 (shown in Fig. 1), mid-span constant airfoil
segment 156 thereby forming about 20% of the radial length of tail rotor assembly 100.
Between the inboard end and outhoard end of mid-span constant airfoil segment 156, leading
edge 126 of {irst blade body 104 jogs forward and trailing edge 128 of first blade body 104 jogs
aft. Therebetween mid-span constant airfoil segment 156 defines a suitably sized airfoil
surface that is offset far enough from tail rotor axis B and is appropriately shaped to generate
relatively high tail rotor thrust, thereby counteracting the decrease in tail rotor thrust that some

tail rotor blades can exhibit under high and hot operating conditions.

{6032] Ouboard transition airfoil segment 138 has a blended airfoil profile that tapers
chordwise between a longitudinally inboard end and a longitudinally outhoard end. in this
respect, on a spanwise inhoard end adjacent to mid-span constant airfoil segment 156, outboard
transition airfoil segment 158 defines a VR7 airfoil profile (shown in Fig. 6). On a spanwise
opposite, outboard end, outboard transition airfoil segment 158 defines an SSCAQY airfoil
profile (shown in Fig. 7). Quthoard transition airfoil segment 158 extends from the 0.85
normalized radial length location to about the 0.90 normalized radial length position of tail
rotor assembly 100 (shown in Fig. 1), outboard transition airfoil segment 138 forming about

3% of the radial length of tail rotor asserably 100.

{6033] Outhoard constant airfoil segment 160 has an asymmeirical airfoil profile that conforms
to an SSCAQ9 airfoil profile (shown in Fig. 6). Outboard constant airfoil segment 160 tapers
chordwise between a longitudinally inboard end and a longitadinally outhoard end, a chord
defined by the airfoil profile adjacent to outboard transition airfold segment 158 having a length
that is greater than a chord defined by the airfoil profile adjacent to tip cap 138. Outboard
constant airfoil segment 160 extends from abouwt the (.90 normalized radial length position of
tail rotor assembly 100 (shown in Fig. 1) to the end of first blade body 104, outboard constant

airfoil segment 160 forming about 10% of the radial length of tail rotor assernbly 100,
[0034] Referring now to Fige. 5 — 7, airfoil profiles are shown. Fig. 5 shows a symmetrical

airfoil profile 162 defined by symmetrical airfoil segment 152 (shown in Fig. 4). Relativetoa
8
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chord 164 extending through leading edge 126 and trailing edge 128, the airfoil profile
surrounding spar cavity 122 and bounded by upper airfoil surface 130 and lower airfoil surface
132 is symmetrical about chord 164. Fig. 6 shows an asymmetrical airfoil profile 172 defined
by mid-span constant airfoil segment 156 (shown in Fig. 4) that, in the tllustrated exemplary
embodiment, is a VR7 airfoil profile. Relative to a chord 174 extending through leading edge
126 and trailing edge 128, the VR7 airfoil profile surrounding spar cavity 122 and bounded by
upper airfoil surface 130 and lower airfoil surface 132 is asymmetrical about chord 174, Fig. 7
shows an asymmetrical airfoil profile 182 defined by outboard constant airfoil segment 160
{shown in Fig. 4). Relative to a chord 184 extending through leading edge 126 and trailing
edge 128, the airfoil profile surrounding spar cavity 122 and bounded by upper airfoil surface

130 and lower airfoil surface 132 is symumetrical about chord 184.

{8035] In embodiments, as a consequence of the airfoil definition illustrated in Figs. 5~ 7 and
the incorporation of spar 102 (shown in Fig. 2), tail rotor assembly 100 can have a first
torsional response mode that is lower than the second flatwise mode. This allows for the tail
rotor assembly 100 to be used with a pivot bearing with higher daraping characteristics, such as
ay be realized using additional structure stiffeners 180 (shown in Fig. 2} coupled between
spar 102 and first blade body 104 and distributed longitudinally along the length of tail rotor

assermbly 100.

[8036] The methods and systems of the present disclosure, as described above and shown in
the drawings, provide for tail rotor blades with superior properties including relatively high tail
rotor thrust at high altitude. In certain embodiments, the methods and systems of the present
disclosure provide tail rotor blades and tail rotor blade assemblies that can be retrofit into a tail
rotor conirol system and hub system of an existing helicopter. While the apparatus and
methods of the subject disclosure have been shown and described with reference to preferred
embodiments, those skilled in the art will readily appreciate that changes and/or modifications

may be made thereto without departing from the scope of the subject disclosure.
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CLAIMS

What is claimed is:

1. A blade, comprising:
a blade body defining:
a longitadinal spar cavity;
a leading edge forward of the spar cavity;
a trailing edge aft of the spar cavity;
an upper airfoil surface extending from the leading edge to the trailing edge; and

a lower airfoil surface opposite the upper airfoll surface and extending from the

leading edge to the trailing edge,

wherein the upper airfoil surface and the lower airfoil surface define
therebetween a constant airfoil segment extending about the spar cavity and bounded
longitudinally by a first ransition airfoil segment and second transition airfoil segment, chords

of the transition airfoil segments being shorter than a chord of the constant airfoil segment.

2. A blade as recited in claim 1, wherein the constant airfoil segment tapers chordwise

between a longimdinally inboard end and a longitudinally outboard end.

3. A blade as recited in claim in any of claims 1 or 2, wherein the constant airfoil segment

defines a VR7 airfoil profile.

4. A blade as recited in any of claims 1 through 3, wherein the first transition airfoil

segment extending from the constant airfoil segment defines an SU2013 airfoil profile.

5. A blade as recited in claim 4, wherein the SU2013 profile is defined on an end of the

first transition segment longitudinally opposite the constant airfoil segment.

6. A blade as recited in any of claims 1 through 3, wherein the first transition segment
tapers longitudinally between an outboard chord length and an inboard chord length, the

outhoard chord length being greater than the inboard chord length.

10
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7. A blade as recited in any of claims 1 through 6, wherein the second {ransition airfoil
segment extending from the constant airfoil segment defines an SSCADY airfoil profile along

its Jongimdinal length.

&. A blade as recited in claim 7, wherein the SSCAQ9 airfoil profile is defined on an end

of the second transition segment longitudinally opposite the constant airfoil segment.

9. A blade as in any of claims 1 through 8, wherein the second transition segment tapers
longitadinally between a longitudinally inboard chord length and a longitudinally cutboard

chord length, the inboard chord length being greater than the outboard chord length.

0. A blade as recited 1n any of claims 1 through &, wherein the constant airfoil segment is
a first constant airfoil segment, and further including a second constant airfoil segment

disposed longitudinally outboard of the first constant airfoil segment.

1t A blade as recited in claim 10, wherein the second constant airfoil segment is coupled

to the first constant airfoil segment by the second transition airfoil segment.

12. A blade as recited in claim 10 or 11, wherein the second constant airfoil segment

defines a S5CAQ9 airfoil profile along its Jongitudinal length.

13. A blade as recited in any of claims 10 through 12, wherein the second constant airfoil
segment tapers longitudinally between an inboard chord length and an outboard chord length,

the inboard chord length being greater than the outhoard chord length.

14. A blade as recited in any of claims 10 through 13, further incloding a tip cap connected

to a longitudinally outboard end of the second constant airfoil segment.

i5. A blade as recited in any of claims 11 through 14, further including a symmetrical
airfoil segment connected to the constant airfoil segment by the first transition airfoil segment,
wherein the symmetrical airfoil segment is symmetrical relative to a chordwise plane

intersecting the leading and trailing edges of the blade within the symmetrical airfoil segment.

11
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