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ROTOR FOR A HOVER-CAPABLE AIRCRAFT

CROSS-REFERENCE TO RELATED APPLICATIONS

.

This patent application claims priority from european patent
application no. 18209448.2 filed on 30/11/2018, the entire

1 ~1 5 g ER B 3 3 - - I W 7 1 > ; oy
disclosure of which is incorporated herein by reference.

TECHNICAL FIERLD

The present invention relates to a rotor for a hover-capable

alrcraft, in particular for a convertiplane or a helicopter.

Alternatively, the aircrafit could be an autogyro or a gyrodyne.

The alrcraft could be piloted by a crew or self-pilloting.
BACKGROUND ART

As 1is known, helicopters comprise a fuselage, a main rotor
projecting from the fuselage and rotatable about a first axis,

and a tai

[

rotor pro

and rotatable about a second axis transverse to the first zxis.
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In particu

forward, rearward and sideways movement ¢f the helicopter. The
tail rotor is 1nstead adapted to counter the rotation of the

helicopter that would be caused by operation of the main rotor,
and to alleow yvawing, 1.e. Tthe rotation of the helicopter about

=
the first axis.

In a known manner, the main rotor {or the tail
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a mast {or drive shaft}, a hub driven 1n rotaticn by the masi,

and a plurality of blades hinged on the hub and extending along
respective third axes transverse to the first axis.

When rotating about the first axis, the radialily outer tips of

zach blade describe an imaginary cilrcumference known as The

“rotor disc”.
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~ an open C-shaped
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skin so as t¢

blade
half-shell, made in a sin
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comprises:

plece and Jjolned

a torsion-resistant shell, which

oprpros site

To the trailing edge and the leading edge of the blade; and
is housed inside tThe half-shell,
normally formed, for example, by a honeyconmb
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and 2 along the lines ITI-IIT and IV-IV of Figure 2
- Figure 4 is a cross-section cof the blade cof Figures 1 and 2
along the
- Figure 5 1s & cross-section of the blade of Figures 1 and 2

2o

along the line V-V of Figure

BEST MODE FOR CARRYING OUT THE INVENTION
J

Referring to 1, reference numeral 1 indicates an

ot

alrcraft, in particular a hover-capable aircraft and, in the

case shown, a helicopter.

The helicopter 1 basically comprises a fuselage 2, a main rotor

3 arranged on the top of the fuselage 2 and a tail rotor b

v

The fuselage 2 comprises, at its opposite ends, a nose 17 and a

The main rotor 2, in turn, comprises:

a hub 6 rotatable about an axis A; and

-1

-~ a plurality of blades extending from the hub ¢ along

respective axzes B and hinged on the hub 6.
Similarly, the tail rotoeor 5, in turn, comprises a hub 8 rotatable
bout an axis E transverse to the axis A and a plurality of

blades 14 extending from the hub 8 and hingsd on the hub 8

n the description below, reference shall be made, without loss

of generality, to the main rotor 3.
It is important to underline that different types of rotors 3
the hinging of the blades 7 on the hub 6
The Dblades 7 of the rotor 3 have respective longil

t
extension axes R transversal to axils A and comprise respective

tips 19 opposite to axis A,
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More specifically, as all the blades 7
shall be made hereinafter, without loss
single blade 7.

The blade 7, in turn, comprises:

-~ a leading edge 20 and a trai

are identic

PCT/IB2019/058291

- a top surface 22 and a bottom surface 23 defining respective
surfaces opposite to each other, and extending between the

interacts with

With reference to a section 8 ¢f the blade

(Fig
the bla

to the axis B

the trailing edge 21 and of the leading
S

—_ ~

Referring to E Z, her

the blade 7 fur
axis B in a radial outward
portion hinged

rro

- a maln

3
0

; and

it

-

- an end porticon defining the

the root portion ¢

ow rigid connection, via
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(Figure 5);
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connection
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moment:, dra G monen T

The shell 30 comprises (Figures 3 and 4;:
-~ a pair of walls 31 and 32 separated from each other, delimifing
The shell 30 on respective mutually cpposite sldes and arranged
on the top surface 22 and on the bottom surface 23, and having
respective ends 37 and 38 arranged on the side of the leading
edge 20 and spaced apart from each other;

a element 34 arranged on the side of the leading
adge 20 and interposed between The ends 37 and 38 of the
respective walls 31 and 32;

-~ a further connection element 80 connected to walls 31 and 32
and arranged on the side of the leading edge 20; and
- a nese 70 interposed between the connection element 80 and the

connection element 34,

The connection element 34 is connected to respective faces 100
of the walls 31 and 32, and the connection element 80 is
connected To respective faces 101, cpposite to faces 100, of the
walls 31 and 32.

The shell 30 also comprises a f
interposed between the top surface

further
rurtner

and

connection element

0o

the ttom rt

SU

and arranged on the side of the trailing edge 21.
In greater detail, wails 31 and 32 comprise respective end edges

Faces 101 of the walls 31 and 32
surface 22 and the bottom surface 23
Faces 100 of the walls 31 and 32 are

and are respectively arranged

and the
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The connection element 34
walls 31 and 32 on the side

The element 80 is

o]

and 32 on the

The walls 31 and

towards

proceeding

The walls 31 and

one another, fcllo

32 have r

= - N EE 4 >
of the top surface 22
and have a thickness orthog
.. i 2 - 20 s
fhe walls 21 and 32 fuz

he segments 36
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length M
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the thickness
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5 in section
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surface

7

PCT/IB2019/058291

the

walls

lies parallel to the lies
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the aforementiconed lies.
ise proceeding from the
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35 1s constant
eagments 35 and

S, is equal

22 and the
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Furthermore, tThe nose 70 1is interposed Dbetween connection
elements 324 and 80 along a direction parallel to the chord 15,

occ

on

the other

upies a space delimited on one side by

34 and by the ends 37 and 38 of the respective walls 31 and 32,
In the case shown, the nose 70 is made of a composite

laminated parallel to the axis B.

The nese 70 1s solid body without cavities in the case shown,
and possibly with discrete metal elements acting as

inertial and ralancing masses.

space occupied by t

B L2900
profile

he nose 70 axis B

of

wall 52; and

respect to the

edge 21 and is connected to respective ends 39 and 40 of the
walls 31 and 32, so as to close the shell 30 on the side of the
Lrallling edge 21.

In the case shown, the connection element 33 is formed by cone

of the following, possibi
- a pair of mutually
apart from

side of €

he trailing edge 21.
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In the case shown, he filler 41 is made of
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in particular ROHACELL. Alternatively, the filler 41 could be
made of a non-metallic honeyvcomb material.

In particular, the filler 41 comprises:

- a main portion 55 interposed between the walls 31 and 322 and
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The blade 7 further comprises:
~ the further connection element 80 surrounding and
on the nose 70 on the opposite side of the filler 41;

—

- a protective wall 81 defining the

element 20 and appli

element 850.
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lowin g manner.

egments 36 of the walls 31 and 32 se 70

Ul

centrifugal

egments 36 of the walls 31 and 32 enable the shell

he preponderant part of the bending moment directed
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bending in the flapping plane, strengthening the section $§ of
the klade 7 in the areas where the greater normal stress 1is

generated as a result of the bending moment directed along axis
= =

D)

Lo

The nose 70 and the stiffener 60 absorb the preponderant part

axi

The shell 30

elements 33,

o~
[

fom»f ue j

,._;

Jgenerated as

Led along

70

other with

ted
s C.

formed by the walls
80

the

34 and absorbs the preponderant

axizs B



g1

-2
O

‘;_.i
n

N
n

(O8]
(&)

WO 2020/109880

This 1s because

exploits the entir
tangential stress g
=, the
blades 7 in

functioning of

relation To a single
While 1t is drive

ntation

o
~
@
]
ot

llio

In particu fo
T
1—l 53]

rotates

ar,
about
and

s N
dence, drag

inci

the shell 30

mast turns around

rota

with res

14

creates a clo

e area of the section
enerated by the torgue.

axis

tion.

the

X

flap angles.

The aerodynamic interaction with the airflo
T it o T - . 3 (P B, 7 = - -
about the axis A cause the blade 7 to be su

More speclifically,
el rhe e
b anda Che nose

The thicker segment

21 and 32 to absorb
directed along the

~ction to

along the axis B;
oment directed along

. P R |
ted along the

thicker

70 absorb the prepon

s 36 of the

e}
i
Ne
-t
)
D

o
<
W
o
19}
O
=
o
1
=y
®

[ +
s

ribed

A driving the h

blade

the flap

enakble the

PCT/IB2019/058291

structure that

withstand the

F
i

o
j -
o)
(o)
o))
o}
=

¢

below

blade 7

3, Tthe

the bending moment



fod

O

[

N

(O8]
(&)

g1

n

n

WO 2020/109880 PCT/IB2019/058291
15

The shell 30 feormed by the walls 31 and 32 and by the connection

elements 33, 34 and 80 absorbs the preponderant part of the

torgue directed along the axis B of the blade 7

a2, during operation of the rotor

r 3
protects the nose 70 and the leading edge 20 ¢f the blade 7 from

From an examination of the roter 3 produced according te
present invention, the advantages that can e achieved therewith

are evident.

In particular, the shell 30 is formed by the walls 31 and 32,
by the nose 70 and by the connection elements 33 and 80.

This enables increasing the axial rigidity of the blade 7 and
the flexural rigidity in the drag plane orthogonal to axis D,

The latter 1is raised because the nose 70 1s arranged spaced

/, i.e. at the maximum distance from the neutral axis of ths

section S resistant to the bending drag moment. This enables to

ks - ~ - A ¥ PR p L £ o . 5 o S P P 3
In this way, the blade 7 1s able to offer the deslired axial and

flexural rigidity in the drag plane, without requiring the use

of spars made of wood, metal or composite mater

Moreover, although deveid of spars, the blade 7 does not reguire
strengtheners parallel to the chord 15 in the secticons 9.
The shell 30 is delimited by the element 80 and by the connection

elements 33 and 34, which have an open, thin-walled structure,

symmetrical with respect to the chord 15 of the blade 7.
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