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(54) Main helicopter rotor

(57) A main helicopter rotor on which
a rotary tubular shaft (2) supports, at
its top end, an annular hub (8)
integral with the tubular shaft itself.
The assembly consisting of the
tubular shaft and the hub is closed
off at the top by a bell (21)
connected in removable manner to
the hub and enclosing a swash plate
assembly (40) supported on a fixed
shaft (27) extending inside of the
aforementioned tubular shaft. A
rotary ring (42) on the swash plate
assembly is connected to blade pitch
change levers via respective rocker
arms (63) having inner arms (62)
connected in articulated manner to
the aforementioned rotary ring via
respective pins (56) extending
radially in relation to the
aforementioned bell and accessible
via respective radial holes (57)
formed through the same.
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The drawings originally filed were informal and the print here reproduced is taken from a later filed formal copy.
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SPECIFICATION

Main helicopter rotor

The present invention relates to a main heli- 70
copter rotor.

In particular, the present invention relates to
an articulated rotor of the type comprising a
rotary tubular drive shaft; a hub connected to
the top end of the said tubular shaft; a num-
ber of blades extending radially outwards from
the said hub and each having a pitch change
lever; a fixed shaft coaxial with the said rotary
shaft and extending at least partially inside the
same; an oscillating plate assembly supported
on the said fixed shaft; a number of pitch
change control rods extending inside the said
rotary tubular shaft and connected to the said
oscillating plate assembly; a top bell con-
nected to the said hub, for protecting the said
oscillating plate assembly; and rocker arms ex-
tending through the said bell and each con-
necting a respective pitch change lever to. the
said oscillating plate assembly.

On known rotors of the aforementioned
type, the tubular shaft usually presents a top
flange contacting the bottom surface of the
hub, while the top bell presents a bottom
flange contacting the top surface of the hub.
The said two flanges are connected to each
other, through the hub, by means of through
pins which, for withstanding local bending
stress caused by interacting forces between
the tubular shaft and the hub, are driven inside
respective through holes formed through the
hub itself.

Such a mode of connecting the bell, hub
and tubular shaft makes any assembly, dis-
mantling, inspection and/or maintenance work
on the oscillating plate assembly extremely di-
fficult, in that access to the said assembly is
only possible by dismantling the bell, which is
further complicated by having to remove the
pins driven through the hub, and the hub off
the said tubular shaft.

In other words, therefore, on known rotors
of the aforementioned type, any work on the
oscillating plate entails dismantling the entire
rotor.

The aim of the present invention is to pro-
vide a rotor of the aforementioned type de-
signed to overcome the aforementioned
drawback, i.e. a rotor having a structure en-
abling any work on the oscillating plate as-
sembly to be carried out easily, quickly and
cheaply. )

With this aim in view, according to the pre-
sent invention, there is provided a main heli-
copter rotor comprising a rotary tubular drive
shaft; a hub connected to the top end of the
said tubular shaft; a number of blades extend-
ing radially outwards from the said hub and
each having a pitch change lever; a fixed shaft
coaxial with the said rotary shaft and extend-
ing at least partially inside the same; an oscil-
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lating plate assembly supported on the said
fixed shaft; a number of pitch change control
rods connected to the said oscillating plate
assembly; a top bell, connected to the said
hub, for protecting the said oscillating plate
assembly; and rocking arms extending through
the said bell and each connecting a respective
said pitch change lever to the said oscillating
plate assembly; characterised by the fact that
the said hub is integral with the said tubular
shaft; the said bell being connected solely to
the said hub via removable connecting means,
and each said rocker arm being connected to
the said oscillating plate assembly via articu-
lated connecting means comprising a pin ex-
tending radially in relation to the said bell; the
said bell presenting lateral access holes, each
aligned with a respective said pin.

A non-limiting embodiment of the present
invention will be described with reference to
the accompanying drawings in which:

Figure. 1 shows a partially-sectioned side
view, with parts removed for simplicity, of a
main helicopter rotor according to the teach-
ings of the present invention;

Figure 2 shows a larger-scale axial section
of a centre portion of the rotor as shown in
Fig. 1.

Number 1 in Fig. 1 indicates a main rotor
on a helicopter (not shown}. Rotor 1 com-
prises a tubular main shaft 2 extending sub-
stantially vertically and connected angularly, at
the bottom end, to the output of a reduction
gear casing (not shown), in turn connected to
the output of a drive unit {not shown) on the
said helicopter.

Shaft 2 comprises a bottom portion 3 and a
top portion 4 arranged coaxially and the facing
ends of which are provided with respective
annular flanges 5 and 6 connected together by
means of through bolts 7.

The top end of shaft 2 presents an out-
wardly-flared portion constituting a hub 8 for
connecting to shaft 2 a number of blades 9
extending radially outwards from hub 8. Hub 8
comprises an inner annular portion 10 integral
with the top end of top portion 4 of shaft 2,
and a number of lobes 11 extending radially
outwards from inner portion 10 and lying in a
plane substantially perpendicular to the axis of
shaft 2. ’

Each of lobes 11 is fitted through, in known
manner, with a U-shaped bracket 12 having
its concave side facing radially outwards in
relation to shaft 2, in such a manner as to
engage, via curved centre portion 13, a
curved outer portion of respective lobe 11
with which it cooperates via the interposition
of an elastomeric bearing 14.

Each bracket 12 comprises two arms 15
extending parallel with each other from the
opposite ends of curved centre portion 13,
and gripping head 16 of a respective blade 9
to which they are secured by means of
through bolts 17. Bolts 17 also secure, onto
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head 16 of respective blade 9, opposite arms
18 of a further U-shaped bracket 19 surround-
ing the inner portion of head 16 and con-
nected integral with a ptich change lever 20
extending transversely outwards from respec-
tive bracket 19, substantially in the plane of
huib 8 and substantially perpendicular to the
plane of respective bracket 12.

As shown, particularly in Fig. 2, hub 8 sup-
ports a substantially cup-shaped top bell or
dome 21 comprising a convex side wall 22
closed off at the top by end wall 23 and
presenting, at the bottom, a flange 24 centred
onto inner annular portion 10 of hub 8 by
means of pins 25, coaxial with shaft 2, and
secured to the said annular portion 10 by
means of through bolts 26 engaging in sliding
manner respective through holes 26a formed
through hub 8.

As shown in Fig. 2, shaft 2 is fitted inside
with a substantially cylindrical tubular shaft 27
the bottom end (not shown} of which is con-
nected integral with the casing (not shown) of
the said drive unit on the helicopter, and the
top end of which extends inside bell 21 and
engages, via the interposition of a bearing 28,
a hole 29 formed centrally through end wall
23 and closed off by a cover 30 connected to
the outer surface of wall 23 by means of
screws 31.

On the portion of shaft 27 extending inside
bell 21, there is mounted, in rotary and axi-
ally-sliding manner, a cylindrical sleeve 32 the
top portion of which consists of a bulge or
head 33 defined externally by surface 34 in
the form of a spherical crown, and the bottom
portion of which presents an outer radial ear
35.

Underneath sleeve 32, shaft 27 is con-
nected integral with a further cylindrical sleeve
36 having an outer radial ear 37 connected to
ear 35 by means of a link 38 designed to
enable sleeve 32 to move axially along shaft
27, but not to rotate about the axis of the
same.

Surface 34 engages a spherical centre seat
39 on an “‘oscillating plate’” assembly 40 sup-
ported on shaft 27 inside bell 21.

As shown, particularly in Fig. 2, assembly
40 comprises an inner ring 41, hereinafter re-
ferred to as a ““fixed ring’’, locked angularly in
known manner (not shown) onto head 33 in
such a manner as to oscillate in any direction,
in relation to head 33, about the centre of
surface 34, but not to turn about the axis of
shaft 27. On fixed ring 41, there is mounted,
in rotary manner, an outer ring 42, hereinafter
referred to as a ‘‘rotary ring’’, via the interpo-
sition of two bearings 43 locked axially onto
fixed ring 41 by means of two annular locking
members 44 and 45 secured respectively to
fixed ring 41 and rotary ring 42 by means of
respective numbers of screws 46 and 47.

Fixed ring 41 is provided internally with two
superimposed annular inserts coaxial with
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-shaft 27 and shaped internally in the form of

a spherical crown; the bottom one 48 of
which is force-fitted inside fixed ring 41,
whereas the top one 49 is secured to fixed
ring 41 by means of screws 46. The spherical
inner surface of the said two inserts 48 and
49 define spherical seat 39.

From the bottom of fixed ring 41, there pro-
ject radially outwards forks 50 (only one of
which is shown), the said forks 50 being
equal in number to blades 9 and each being
connected, by means of a respective ball joint
51, to the top end of a respective pitch
change control rod 52 extending downwards
inside an annular gap 53 between the inner
surface of shaft 2 and the outer surface of
shaft 27.

From the outer surface of rotary ring 42,
there project radially outwards arms 54 (only
one of which is shown), the said arms curving
downwards and being equal in number to
blades 9. Together with rotary ring 42, each
arm 54 defines a respective radial fork 55
open at the bottom and fitted through with a
respective pin 56 arranged radially in relation
to shaft 27 and aligned with a respective hole
57 formed in side wall 22 of bell 21 and
closed off by a respective removable cover
58. The opposite ends of each pin 56 are
engaged in rotary manner inside respective ra-
dial through holes 59 and 60 coaxial with re-
spective hole 57 and formed, one, in rotary
ring 42 and, the other, in respective arm 54.
A spherical centre portion of each pin 56 con-
stitutes the inner member of a respective ball
joint 61 connecting pin 56 to the free end of
a first arm 62 on a respective rocker arm 63,
the centre portion of which is hinged in
known manner (not shown) inside a respective
hole 64 formed through side wall 22 of bell
21, and the second arm 65 of which extends
outwards of bell 21 over hub 8.

As shown in Fig. 1, the free end of each
arm 65 consists of a fork 66 to which is
connected, via a ball joint 67, the top end of
a respective connecting rod 68 adjustable in
length and the bottom end of which is con-
nected, via a ball joint 69, to a fork 70-on the
free end of a respective pitch change lever
20.

The manner in which rods 52, oscillating
plate assembly 40, rocker arms 63, connect-
ing rods 68 and levers 20 enable the cyclic
and collective pitch of blades 9 to be changed
as required is already known and, therefore,

~ requires no further explanation herein.

Some mention should be made, on the

" other hand, of the advantages afforded by the

special structure of shaft 2 and bell 21 as
compared with corresponding known struc-
tures.

Firstly, on rotor 1 as described herein, hub

‘8 is integral with shaft 2. Consequently, no

through pins need be driven for connecting
the hub to the main shaft, and removal of the
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cover on oscillating plate assembly 40 is
made considerably easier.

Secondly, the fact that shaft 2 consists of
two portions 3 and 4, connected together in
removable manner, simplifies the formation of
top portion 4 and integral hub 8, while at the
same time enabling rotor 1 to be removed
and/or bent for stowage, by simply removing
bolts 7.

Finally, the special design and location of
forks 55 and respective pins 56, and the for-
mation of respective holes 57 through bell 21
provide for assembling, removing and/or in-
specting pins 56 inside respective holes 59 .
and 60 through holes 57, with no need for
removing bell 21.
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CLAIMS

1. A main helicopter rotor comprising a ro-
tary tubular drive shaft; a hub connected to
the top end of the said tubular shaft; a num-
ber of blades extending radially outwards from
the said hub and each having a pitch change
lever; a fixed shaft coaxial with the said rotary
shaft and extending at least partially inside the
same; an oscillating plate assembly supported
on the said fixed shaft; a number of pitch
change control rods connected to the said os-
cillating plate assembly; a top bell, connected
to the said hub, for protecting the said oscil-
lating plate assembly; and rocking arms ex-
tending through the said bell and each con-
necting a respective said pitch change lever to
the said oscillating plate assembly; character-
ised by the fact that the said hub is integral
with the said tubular shaft; the said bell being
connected solely to the said hub via remova-
ble connecting means, and each said rocker
arm being connected to the said oscillating
plate assembly via articulated connecting
means comprising a pin extending radially in
relation to the said bell; the said bell present-
ing lateral access holes, each aligned with a
respective said pin.

2. A rotor as claimed in Claim 1, charac-
terised by the fact that the said removable
connecting means consist of bolts, each of
which engages, in freely sliding manner, a re-
spective through hole formed through the said
hub.

3. A rotor as claimed in Claim 1 or 2,
characterised by the fact that the said rotary
tubular shaft is arranged substantially verti-
cally, and comprises an upper and a lower
portion coaxial with each other and connected
together in removable manner; the said upper
portion and the said hub constituting a single
integral piece.

4. A rotor as claimed in any one of the
foregoing. Claims, characterised by the fact
that the said oscillating plate assembly com-
prises a fixed inner ring and an outer ring
designed to turn with the said tubular shaft; a
number of curved arms, equal in humber to
the said blades, projecting radially outwards

from the said outer ring; each said curved arm
defining, together with the said outer ring, a
fork fitted through-with a respective said pin
and lying in a radial plane in relation to the
said bell.

5. A rotor as claimed in Claim 4, charac-
terised by the fact that each said curved arm
presents a first through hole; the said outer
ring having a second through hole next to
each said curved arm; and the said first and
secong through holes being aligned with each
other and with a respective said lateral access
hole on the said bell, and being engaged by
the opposite ends of a respective said pin.

6. A main helicopter rotor substantially as
described and illustrated herein with reference
to the accompanying drawings.
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