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(54) Rotor with blades including outer blade shell and inner structural member

(57) A rotor for use in an aircraft includes an inner
hub; and a plurality of blades arranged around the inner
hub, each of the plurality of blades comprising an inner
structural member (102); an outer blade shell (103) sur-
rounding the inner structural member; and a centering
block located at a base of the inner structural member
proximal to the inner hub, wherein the centering block is

located between a first lateral portion of the inner struc-
tural member and a second lateral portion of the inner
structural member, wherein the centering block is further
connected to the outer blade shell, and wherein the
centering block allows the outer blade shell to rotate
about an axis approximately corresponding to the inner
structural member.
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Description

FIELD OF INVENTION

[0001] The subject matter disclosed herein relates
generally to the field of bearingless rotors for use in air-
craft, and more particularly to a rotor with blades including
an outer blade shell surrounding an inner structural mem-
ber for use in a helicopter.

DESCRIPTION OF RELATED ART

[0002] A rotor for use in an aircraft, such as a helicop-
ter, includes a central rotating hub having a plurality of
blade receiving sockets disposed about the hub. Blades,
each blade having a shank located at its base, are held
in respective blade receiving sockets, with the shanks
being inserted into the blade receiving sockets. The
blades rotate with the hub during operation. The blade
receiving sockets and the blade shanks may be provided
with opposed, separated ball bearing race surfaces, and
a plurality of metallic ball bearings that are held between
the blade receiving socket and the blade shank on the
race surfaces. The metallic ball bearings allow adjust-
ment of the pitch of the blades. However, use of metallic
ball bearings to attach the blades to the rotor hub may
result in a relatively heavy rotor assembly.
[0003] In order to reduce rotor weight, bearingless ro-
tors have been developed. Bearingless rotor designs
may utilize a flexible structural member, commonly
termed a flexbeam or flexbeam connector, for retention
of helicopter rotor blades to the central hub. The use of
a flexbeam, which is typically comprised of fiber rein-
forced resin matrix materials, reduces the weight, com-
plexity, and maintenance of the rotor assembly, while
improving the reliability and damage tolerance thereof.
However, basic operational constraints of rotary wing
flight impose substantial functional complexity upon the
rotor flexbeam, necessitated by the need to accurately
control the displacement of the rotor blades in multiple
directions, i.e., flapwise and edgewise bending, and tor-
sional or pitch change motions. The geometric con-
straints of such a bearingless rotor configuration may re-
quire a relatively large inboard blade size, both in chord
and in thickness.

BRIEF SUMMARY

[0004] According to one aspect of the invention, a rotor
for use in an aircraft includes an inner hub; and a plurality
of blades arranged around the inner hub, each of the
plurality of blades comprising an inner structural member;
an outer blade shell surrounding the inner structural
member; and a centering block located at a base of the
inner structural member proximal to the inner hub, where-
in the centering block is located between a first lateral
portion of the inner structural member and a second lat-
eral portion of the inner structural member, wherein the

centering block is further connected to the outer blade
shell, and wherein the centering block allows the outer
blade shell to rotate about an axis approximately corre-
sponding to the inner structural member.
[0005] According to another aspect of the invention, a
blade for use in an aircraft rotor includes an inner struc-
tural member; an outer blade shell surrounding the inner
structural member; and a centering block located at a
base of the inner structural member, wherein the center-
ing block is located between a first lateral portion of the
inner structural member and a second lateral portion of
the inner structural member, wherein the centering block
is further connected to the outer blade shell, and wherein
the centering block allows the outer blade shell to rotate
about an axis approximately corresponding to the inner
structural member.
[0006] Other aspects, features, and techniques of the
invention will become more apparent from the following
description taken in conjunction with the drawings.
[0007] Further embodiments of the invention are set
out in the following numbered paragraphs:

1. A rotor for use in an aircraft comprising: an inner
hub; and a plurality of blades arranged around the
inner hub, each of the plurality of blades comprising:
an inner structural member; an outer blade shell sur-
rounding the inner structural member; and a center-
ing block located at a base of the inner structural
member proximal to the inner hub, wherein the
centering block is located between a first lateral por-
tion of the inner structural member and a second
lateral portion of the inner structural member, where-
in the centering block is further connected to the out-
er blade shell, and wherein the centering block al-
lows the outer blade shell to rotate about an axis
approximately corresponding to the inner structural
member.

2. The rotor of paragraph 1, wherein the inner struc-
tural member comprises a composite material.

3. The rotor of paragraph 1, wherein the outer blade
shell comprise a composite material.

4. The rotor of paragraph 1, wherein the centering
block is connected to the outer blade shell via a first
cylindrical bearing and a second cylindrical bearing,
the first cylindrical bearing and the second cylindrical
bearing being located at opposite ends of the center-
ing block.

5. The rotor of paragraph 4, wherein the outer blade
shell is connected to the centering block at a plurality
of outer blade shell connection points that are locat-
ed above and below each of the first and second
cylindrical bearings.

6. The rotor of paragraph 1, wherein the centering
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block is attached to the base of the inner structural
member by at least one bolt, wherein the at least one
bolt extends from the first lateral portion of the inner
structural member, through the centering block, to
the second lateral portion of the inner structural
member.

7. The rotor of paragraph 6, wherein the inner hub
comprises a plurality of blade connection points for
connecting the plurality of blades to the inner hub,
each of the plurality of blade connection points com-
prising a first lateral portion and a second lateral por-
tion.

8. The rotor of paragraph 7, wherein the inner struc-
tural member is located between the first lateral por-
tion and the second lateral portion of the blade con-
nection point, and wherein the at least one bolt ex-
tends from the first lateral portion of the blade con-
nection point, through the first lateral portion of the
inner structural member, the centering block, and
the second lateral portion of the inner structural
member, to the second lateral portion of the blade
connection point.

9. The rotor of paragraph 1, further comprising a dis-
tal connection point between the inner structural
member and the outer blade shell, the distal connec-
tion point being located at an end of the inner struc-
tural member that is opposite to the base of the inner
structural member.

10. The rotor of paragraph 9, wherein a portion of
the inner structural member that is located between
the distal connection point and the base of the inner
structural member is configured to twist during rota-
tion of the outer blade shell for pitch adjustment of
the blade.

11. A blade for use in an aircraft rotor, comprising:
an inner structural member; an outer blade shell sur-
rounding the inner structural member; and a center-
ing block located at a base of the inner structural
member, wherein the centering block is located be-
tween a first lateral portion of the inner structural
member and a second lateral portion of the inner
structural member, wherein the centering block is
further connected to the outer blade shell, and
wherein the centering block allows the outer blade
shell to rotate about an axis approximately corre-
sponding to the inner structural member.

12. The blade of paragraph 11, wherein the centering
block comprises a first cylindrical bearing and a sec-
ond cylindrical bearing, the first cylindrical bearing
and the second cylindrical bearing being located at
opposite ends of the centering block.

13. The blade of paragraph 12, wherein the outer
blade shell is connected to the centering block at a
plurality of outer blade shell connection points that
are located above and below each of the first and
second cylindrical bearings.

14. The blade of paragraph 11, wherein the centering
block is attached to the base of the inner structural
member by at least one bolt, wherein the at least one
bolt extends from the first lateral portion of the inner
structural member, through the centering block, to
the second lateral portion of the inner structural
member.

15. The blade of paragraph 11, further comprising a
distal connection point between the inner structural
member and the outer blade shell, the distal connec-
tion point being located at an end of the inner struc-
tural member that is opposite to the base of the inner
structural member.

16. The blade of paragraph 15, wherein a portion of
the inner structural member that is located between
the distal connection point and the base of the inner
structural member is configured to twist during rota-
tion of the outer blade shell for pitch adjustment of
the blade.

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF 
THE DRAWINGS

[0008] Referring now to the drawings wherein like el-
ements are numbered alike in the several FIGURES:

FIG. 1 illustrates a top view of an embodiment of a
rotor with blades including an outer blade shell sur-
rounding an inner structural member, with a detailed
view of the inner configuration of the blades.

FIG. 2 illustrates a perspective view of an embodi-
ment of a rotor with blades including an outer blade
shell surrounding an inner structural member.

FIG. 3 illustrates a perspective view of an embodi-
ment of a rotor with blades including an outer blade
shell surrounding an inner structural member, with
a detailed view of the inner configuration of the
blades.

FIG. 4 illustrates a side-view cross-section of a rotor
with blades including an outer blade shell surround-
ing an inner structural member.

FIG. 5 illustrates another perspective view
cross-section of a rotor with blades including an outer
blade shell surrounding an inner structural member,
with a detailed view of a blade connection point on
the inner hub.
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FIG. 6 illustrates another perspective view of a rotor
with blades including an outer blade shell surround-
ing an inner structural member, with a detailed view
of the inner configuration of the blades.

FIG. 7 illustrates a detailed cross-section view of an
embodiment of a centering block.

FIG. 8 illustrates a perspective view of an embodi-
ment of an inner structural member for use in a rotor
with blades including an outer blade shell surround-
ing an inner structural member.

FIG. 9 illustrates an embodiment of a helicopter rotor
assembly including dual coaxial rotors with blades
including an outer blade shell surrounding an inner
structural member on a central shaft axis.

DETAILED DESCRIPTION

[0009] Embodiments of a rotor with blades including
an outer blade shell surrounding an inner structural mem-
ber are provided, with exemplary embodiments being dis-
cussed below in detail. The blades, including the inner
structural members and outer aerodynamic blade shells,
are arranged around a central hub. The blade compo-
nents are attached to the hub using centering blocks that
include cylindrical bearings that allow the outer blade
shell to move to adjust the pitch of the blade. By tailoring
the elastic properties of the inner structural member rel-
ative to the outer blade shell, a rotor configuration is ob-
tained which provides enhanced structural efficiency, re-
ducing the rotor size, and decreasing the rotor weight.
The decreased rotor weight may be particularly beneficial
for helicopter rotor systems that include counter rotating
coaxial rotors on a single shaft axis. Load sharing be-
tween the inner structural member and the outer blade
shell reduces the necessary size of the outer blade shell
and improves the lift/drag (L/D) ratio of the rotor as com-
pared to other rigid bearingless rotor designs. Load shar-
ing also decreases the size of the cylindrical bearings
and improves packaging constraints of the rotor system.
[0010] FIG. 1 illustrates a top view of an embodiment
of a rotor with blades including an outer blade shell sur-
rounding an inner structural member, and shows a de-
tailed view of the inner configuration of the blades. Cen-
tral hub fairing 101 is located at the center of the rotor
100, and a plurality of blades are arranged around the
central hub fairing 101. Each of the blades includes an
inner structural member 102 that is located inside of an
aerodynamic outer blade shell 103. Outer blade shell 103
is transparent in FIG. 1 to illustrate the configuration of
the inner structural member 102 located inside the outer
blade shell 103. The outer blade shell 103 is the structural
spar of a blade assembly. This spar may have additional
components bonded to it to provide an optimal aerody-
namic shape in some embodiments, particularly in the
region where the spar overlaps the inner structural mem-

ber. A centering block 104 is located at a base of each
inner structural member 102 and respective outer blade
shell 103, at an attachment point to an inner hub located
inside of the central hub fairing 101. The inner structural
members 102 may be made from composite materials
that are flexible in one axis and stiff in the other axes. In
operation, blade centrifugal force, and some of the blade
bending moment, is transmitted to the inner hub located
inside of central hub fairing 101 via the inner structural
member 102. Blade torsional load, most of the chordwise
moment, and the balance of the flapwise movement are
reacted at supports for the cylindrical bearings that attach
the centering block 104 to outer structural member 103.
[0011] FIG. 2 illustrates a perspective view 200 of an
embodiment of a rotor with the inner sections of the
blades shown, including an outer blade shell surrounding
an inner structural member. The central hub fairing 101
has blades including outer blade shells 103 arranged
around it. The central hub fairing 101 is located on central
shaft axis 201 that rotates the central hub fairing 101 and
its associated blades during operation. Inner structural
members 102 are visible through a cutout at the end of
outer blade shells 103 in FIG. 2; however, in operation,
an outer blade shell 103 extends past and completely
covers its respective inner structural member 102.
[0012] FIG. 3 illustrates a perspective view of an em-
bodiment of a rotor with blades including an outer blade
shell surrounding an inner structural member, with a de-
tailed view of the inner configuration of the blades. The
blades are arranged around central hub fairing 101,
which is located on central shaft axis 201. The inner struc-
tural members 102 are located inside of respective outer
blade shells 103. The centering blocks 104 are located
at the base of the inner structural member 102 at a con-
nection point to the inner hub that is located inside the
central hub fairing 101. The centering blocks 104 connect
the outer blade shells 103 to the inner hub located inside
of central hub fairing 101. Each inner structural member
102 is connected to its outer blade shell 103 at a distal
connection point 301, which may include a fastener that
extends vertically from the top of the outer blade shell
103 through a hole in the inner structural member to the
bottom of the outer blade shell 103.
[0013] FIG. 4 illustrates a side-view cross-section of a
rotor with blades including an outer blade shell surround-
ing an inner structural member, and shows a detailed
view of a centering block 104. The central shaft axis 201
is connected to the inner hub 401 (which is located inside
of central hub fairing 101 as shown in FIGs. 1-3), and the
blades extend outward from the inner hub 401. Each
blade includes an inner structural member 102 located
inside of outer blade shell 103. The centering blocks 104
are located at the base of the inner structural members
102 at the connection points to the inner hub 401, and
act to hold the inner structural members 102 in place with
respect to the inner hub 401, and also to attach the outer
blade shells 103 to the inner hub 401. The centering block
104 is connected to the inner structural member 102 by
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bolts that extend horizontally through centering block bolt
holes 404. The centering block 104 also includes cylin-
drical bearings 402A and 402B. The cylindrical bearings
402A-B each include a plurality of bearing elements held
in a race that allow the cylindrical bearings 402A-B to
rotate about an axis approximately corresponding to the
length of the body of the centering block 104. The bearing
elements may be a lightweight material such as Teflon
in some embodiments, or may be elastomeric in other
embodiments. The centering block 104 is connected to
the outer blade shell 103 at outer blade shell connection
points 403A and 403B. Top and bottom outer blade shell
connection points 403A are located above and below cy-
lindrical bearing 402A, proximal to hub 401. Top and bot-
tom outer blade shell connection points 403A are located
above and below cylindrical bearing 402B, farther away
from the hub 401. The cylindrical bearing 402A-B allow
the flexible outer blade shell 103 to rotate about an axis
approximately corresponding to the inner structural
member 102 for pitch adjustment during operation of the
rotor, while the body of centering block 104 and the bolts
in centering block bolt holes 404 hold the base of the
inner structural member 102 in place with respect to the
inner hub 401. Inner structural member 102 comprises
a flexible material, allowing the portion of the inner struc-
tural member 102 located between bolt holes 404 and
distal connection point 301 to twist with the rotation of
the outer blade shell 103 during pitch adjustment of the
blade. The outer blade shell 103 is connected to inner
structural member 102 at distal connection point 301 by
fasteners, which may be bolts, extending from the top
and bottom of the outer blade shell 103 in a direction that
is approximately perpendicular to the bolts that are lo-
cated in centering block cylindrical bearing holes 404
when the pitch of outer blade shell is not being adjusted.
[0014] FIG. 5 illustrates another perspective,
cross-section view of a rotor with blades including an
outer blade shell surrounding an inner structural member,
and shows a detailed view of connection point between
a blade and the inner hub 401. The central shaft axis 201
is connected to the inner hub 401 (which is located inside
of hub fairing 101 as shown in FIGs. 1-3), and the blades
extend outward from the inner hub 401. Each blade in-
cludes an inner structural member 102 located inside of
outer blade shell 103, and the centering block 104 that
is connected to the inner structural member 102 by bolts
that extend horizontally through centering block bolt
holes 404. The centering block 104 also includes the cy-
lindrical bearings 402A-B, and outer blade shell connec-
tion points 403A-B located above and below the cylindri-
cal bearings 402A-B that connect the centering block 104
to the outer blade shell 103. FIG. 5 shows the details of
the connection points between the centering block 104,
inner structural member 102, and the inner hub 401 at
blade connection point 501, which is part of inner hub
401. Blade connection point 501 includes two lateral por-
tions that are configured to receive the base of inner
structural member 102 between the two lateral portions

of the blade connection point 501. The inner structural
member 102 also includes two lateral portions, and a
centering block 104 is located between the two lateral
portions of inner structural member 102. Two bolts ex-
tend horizontally through bolt holes 502 in the first lateral
portion of blade connection point 501, the first lateral por-
tion of inner structural member 102, centering block bolt
holes 404, the second lateral portion of inner structural
member 102, and the bolt holes 502 second lateral por-
tion of blade connection point 501, and act to hold the
inner structural member in place with respect to inner
hub 401. In operation, blade centrifugal force, and some
of the blade bending moment, is transmitted to the inner
hub 401 via the inner structural member 102. Blade tor-
sional load, most of the chordwise moment, and the bal-
ance of the flapwise movement are reacted at the bolts
through bolt holes 502 in the centering block 104.
[0015] FIG. 6 illustrates another perspective view of a
rotor with blades including an outer blade shell surround-
ing an inner structural member and a pitch horn 602. The
pitch horn 602 rotates the outer blade shell 103 for pitch
adjustment. The blades extend outward from the inner
hub 401. Each blade includes an inner structural member
102 located inside of outer blade shell 103, and the
centering block 104 that is connected to the inner struc-
tural member 102 by bolts that extend horizontally
through centering block bolt holes 404. The centering
block 104 includes the cylindrical bearings 402A (shown
above with respect to FIGs. 4-5) and 402B, and outer
blade shell connection points 403A (shown above with
respect to FIGs. 4-5) and 403B that connect the centering
block 104 to the outer blade shell 103. Two bolts 601
extend horizontally through the in the first lateral portion
of blade connection point 501, the first lateral portion of
inner structural member 102, centering block bolt holes
404, the second lateral portion of inner structural member
102, and the bolt holes 502 on second lateral portion of
blade connection point 501, and act to hold the inner
structural member in place with respect to inner hub 401.
[0016] FIG. 7 illustrates a cross sectional view of an
embodiment of a centering block. The centering block
includes cylindrical bearings 402A-B, which rotate about
the main body of the centering block 104 through the
movement of a plurality of bearing elements held in re-
spective races. The bearing elements held in the races
of cylindrical bearings 402A-B may be a lightweight ma-
terial such as Teflon in some embodiments, or may be
elastomeric in other embodiments. The outer shell con-
nection points 403A-B attach the centering block 104 to
the outer blade shell 103, and the rotation of cylindrical
bearings 402A-B allows pitch of the blade shell to adjust.
A pitch horn 602, such as was shown in FIG. 6, may
connect to the outer shell connection points 403A at the
top and bottom of the outer blade shell 103 proximal to
the hub. Bolts in bolt holes 404 connect the centering
block 104 to the inner structural member 102 and the
blade connection point 501.
[0017] FIG. 8 illustrates an embodiment of an inner
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structural member 102 for use in a rotor with blades in-
cluding an outer blade shell surrounding an inner struc-
tural member. The inner structural member 102 includes
lateral portions 802A-B, connected by a curved end por-
tion 803 that curves around a distal connection point hav-
ing a mounting hole 804. The inner structural member
102 also includes proximal bolt holes 801 in its base por-
tion, with pairs of corresponding proximal bolt holes 801
being located opposite each other on the two lateral por-
tions 802A-B. In the rotor assembly, a centering block
104 is located between the lateral structural portions
801A-B (as shown above with respect to FIGs. 1-5), and
the proximal bolt holes 801 correspond to the centering
block bolt holes 404 on the centering block 104 (as shown
in FIGs. 4-5). The bolts that hold the inner structural mem-
ber 102 to the centering block 104 each go through a
proximal bolt hole 801 on a first of the lateral portions
802A-B, through a centering block bolt hole 404 in center-
ing block 104, and through the corresponding proximal
bolt hole 801 on the second of the lateral portions 802A-
B of inner structural member 102 (as shown in FIG. 5
with respect to bolt holes 502). The distal mounting hole
804 located at the end of inner structural member 102
corresponds to distal connection point 301 shown in
FIGs. 3-5. Fasteners, which may include bolts, holding
the outer blade shell 103 to inner structural member 102
at distal connection point 301 extends from the top and
bottom of the outer blade shell 103, into distal mounting
hole 804. The base of inner structural member 102 is
held in place with respect to the inner hub 401 by the
centering blocks and the bolts located in proximal bolt
holes 801. The portion of inner structural member 102
located between its base and distal mounting hole 804
may twist as the outer blade shell 103 that surrounds the
inner structural member 102 rotates about an axis ap-
proximately corresponding to the inner structural mem-
ber 102 to adjust the pitch of the rotor blade during op-
eration.
[0018] While two centering block bolt holes 404, each
with a corresponding pair of proximal bolt holes 801 in
inner structural member 102 and a corresponding pair of
bolt holes in blade connection point 501, are shown in
FIGs. 1-7, any appropriate number of bolts with corre-
sponding bolt holes may attach an inner structural mem-
ber 102, centering block 104, and blade connection point
501. Further, while one distal mounting hole 804 is shown
corresponding to distal connection point 301, any appro-
priate number of fasteners with corresponding mounting
holes may attach the inner structural member 102 to the
outer blade shell 103 at the distal connection point 301.
The number of blades in the rotors of FIGs. 1-7 is also
shown for illustrative purposes only; the number of blades
in a rotor with blades including an outer blade shell sur-
rounding an inner structural member may be any appro-
priate number.
[0019] FIG. 9 illustrates an embodiment of a helicopter
rotor assembly 900 including counter rotating coaxial ro-
tors on a single shaft axis, the rotors each having blades

including an outer blade shell surrounding an inner struc-
tural member, as described above with respect to FIGs.
1-8. The helicopter rotor assembly 900 shown in FIG. 9
may be used in a helicopter rotor system that includes
counter rotating coaxial rotors on a single shaft axis. Cen-
tral shaft axis 201 connects bottom rotor 901B and top
rotor 901A. Each rotor 901A-B includes a plurality of
blades extending outward from respective inner hubs 401
(which may be covered by a central hub fairing 101 as
shown in FIGs. 1-3). Each blade includes an inner struc-
tural member 102 covered by an outer blade shell 103
(some outer blade shells are not shown in FIG. 9 to allow
internal elements to be visible). Each inner structural
member 102 is connected to an inner hub 401 at a blade
connection point 501, and a centering block 104 is locat-
ed at the base of each inner structural member 102 to
hold the inner structural member 102 in place with respect
to the inner hub 401, and to attach outer blade shell 103
to the inner hub 401. Bolts 601 in centering block bolt
holes 404 connect the inner structural member 102 to
the centering block 104 and the blade connection point
501. The centering block includes cylindrical bearings
402A-B, which rotate about the main body of the center-
ing block 104 and allow pitch adjustment of the blades.
The outer shell connection points 403A-B attach the
centering block 104 to the outer blade shell 103, and the
rotation of cylindrical bearings 402A-B allows the blade
shell to adjust in pitch. The lower rotor 901B includes a
pitch horn 602 on each blade; the pitch horn 602 causes
the outer blade shell 103 to rotate for pitch adjustment.
The dual rotor configuration of helicopter rotor assembly
900 particularly benefits from incorporation of relatively
lightweight rotors 901A-B; however, a rotor having blades
including an outer blade shell surrounding an inner struc-
tural member may be incorporated into an aircraft having
any appropriate rotor configuration and number of rotors.
[0020] The technical effects and benefits of exemplary
embodiments include a relatively lightweight rotor sys-
tem with enhanced structural efficiency for use in a hel-
icopter.
[0021] The terminology used herein is for the purpose
of describing particular embodiments only and is not in-
tended to be limiting of the invention. While the descrip-
tion of the present invention has been presented for pur-
poses of illustration and description, it is not intended to
be exhaustive or limited to the invention in the form dis-
closed. Many modifications, variations, alterations, sub-
stitutions, or equivalent arrangement not hereto de-
scribed will be apparent to those of ordinary skill in the
art without departing from the scope and spirit of the in-
vention. Additionally, while various embodiment of the
invention 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

1. A blade for use in an aircraft rotor, comprising:

an inner structural member;
an outer blade shell surrounding the inner struc-
tural member; and
a centering block located at a base of the inner
structural member, wherein the centering block
is located between a first lateral portion of the
inner structural member and a second lateral
portion of the inner structural member, wherein
the centering block is further connected to the
outer blade shell, and wherein the centering
block allows the outer blade shell to rotate about
an axis approximately corresponding to the in-
ner structural member.

2. The blade of claim 1, wherein the centering block
comprises a first cylindrical bearing and a second
cylindrical bearing, the first cylindrical bearing and
the second cylindrical bearing being located at op-
posite ends of the centering block.

3. The blade of claim 1 or 2, wherein the outer blade
shell is connected to the centering block at a plurality
of outer blade shell connection points that are locat-
ed above and below each of the first and second
cylindrical bearings.

4. The blade of any of the preceding claims, wherein
the centering block is attached to the base of the
inner structural member by at least one bolt, wherein
the at least one bolt extends from the first lateral
portion of the inner structural member, through the
centering block, to the second lateral portion of the
inner structural member.

5. The blade of any of the preceding claims, further
comprising a distal connection point between the in-
ner structural member and the outer blade shell, the
distal connection point being located at an end of the
inner structural member that is opposite to the base
of the inner structural member.

6. The blade of any of the preceding claims, wherein a
portion of the inner structural member that is located
between the distal connection point and the base of
the inner structural member is configured to twist dur-
ing rotation of the outer blade shell for pitch adjust-
ment of the blade.

7. A rotor for use in an aircraft comprising:

an inner hub; and
a plurality of blades arranged around the inner
hub, each of the plurality of blades being a blade
according to any of the preceding claims.

8. The rotor of claim 7, wherein the inner structural
member comprises a composite material and or
wherein the outer blade shell comprise a composite
material.

9. The rotor of claim 7 or 8, wherein the centering block
is connected to the outer blade shell via a first cylin-
drical bearing and a second cylindrical bearing, the
first cylindrical bearing and the second cylindrical
bearing being located at opposite ends of the center-
ing block.

10. The rotor of claim 9, wherein the outer blade shell is
connected to the centering block at a plurality of outer
blade shell connection points that are located above
and below each of the first and second cylindrical
bearings.

11. The rotor of any of claims 7 to 10, wherein the center-
ing block is attached to the base of the inner struc-
tural member by at least one bolt, wherein the at
least one bolt extends from the first lateral portion of
the inner structural member, through the centering
block, to the second lateral portion of the inner struc-
tural member.

12. The rotor of claim 11, wherein the inner hub com-
prises a plurality of blade connection points for con-
necting the plurality of blades to the inner hub, each
of the plurality of blade connection points comprising
a first lateral portion and a second lateral portion.

13. The rotor of claim 12, wherein the inner structural
member is located between the first lateral portion
and the second lateral portion of the blade connec-
tion point, and wherein the at least one bolt extends
from the first lateral portion of the blade connection
point, through the first lateral portion of the inner
structural member, the centering block, and the sec-
ond lateral portion of the inner structural member, to
the second lateral portion of the blade connection
point.

14. The rotor of any of claims 7 to 13, further comprising
a distal connection point between the inner structural
member and the outer blade shell, the distal connec-
tion point being located at an end of the inner struc-
tural member that is opposite to the base of the inner
structural member.

15. The rotor of claim 14, wherein a portion of the inner
structural member that is located between the distal
connection point and the base of the inner structural
member is configured to twist during rotation of the
outer blade shell for pitch adjustment of the blade.
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