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(57) Abréegée/Abstract:

An epicyclic gearing has a plurality of planet gears (2) arranged about a transmission axis (3) so as to form two arrays (2a, 2b)
symmetrical with respect to a plane orthogonal to the transmission axis (3); the gearing has a body (8) which, on one side, Is
adapted to be connected to a rotating member and, on the other side, Is coupled to a ring (15); the ring (15) has a plurality of
relatively thin plate sectors (16) and a plurality of pins (19), which extend Iin cantilever fashion and in opposite directions from the
plate sectors (16) and each support a respective planet gear (2); coupling between the aforesaid body (8) and the ring (15) defines
at least one degree of freedom In rotation about a radial axis to allow a relative movement under load between the two components.
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(57) Abstract: An epicyclic gearing has a plurality of planet gears (2) arranged about a transmission axis (3) so as to form two arrays
(2a, 2b) symmetrical with respect to a plane orthogonal to the transmission axis (3); the gearing has a body (8) which, on one side, 1s
adapted to be connected to a rotating member and, on the other side, 1s coupled to a ring (15); the ring (15) has a plurality of relat-
ively thin plate sectors (16) and a plurality of pins (19), which extend 1 cantilever fashion and in opposite directions from the plate
sectors (16) and each support a respective planet gear (2); coupling between the aforesaid body (8) and the ring (15) defines at least

one deg

ree of freedom 1n rotation about a radial axis to allow a relative movement under load between the two components.
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“EPICYCLIC GEARING"

TECHNICAL FIELD

The present invention relates to an epicyclic gearing.
BACKGROUND ART '

As 1s known, epicyclic gearings are capable of transmitting
motion between coaxial shafts, fotating at different speeds,
and are very efficient 1in performing this function with

limited weight and overall dimensions.

In some applications, reducing the overall outer dimension of
the epicyclic gearing in radial direction, with réspect to the

axis of the two aforesaid shafts, is particularly important.

For example, in the aeronautical propulsion field, in -

particular in the new engine architectures being studied to
reduce cons.umption and pollutiOn (such as "“Geared Turbofan.”
and "“Open Rotor” archifectures) : epi’CYCliC gearings are used
to transmit all of the power generated by the turbomachine to
the propulsion system. Unlike the case, for example, of
turbofan engines, in these applications the epicyclic gearing
1s 1ntegrated with ' the turbomachine, and therefore the
d_i'ametral ehvelope thereof could influence the geometries of
the channels for the passage of air flow or exhaust gases, and

therefore penalise the output of the same turbomachine.

One of the essential elements in determining the dimensions of
the epicyclic gearing 1n radial direction is constituted by
the bearings of the planet gea\rs. In particular, 1n the field
of aeronautical engines, attention has recently been directed
towards the re’placement of rolling bearings with plain
bearings or bushings, to'couple the planet_gears to the planet

geaxr carrier or gear train carrier structure.

Prior art configurations in the field of aeronautical engines
not only use planet gears supported by plain bearings, but

also planet gears with double helical toothings. Solutions of
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this type have some critical points:
- double' helical toothings cannot be separated in their
meshing, and therefore the gearing with its box must be

mounted in the motor as a single component;

-  to mount the gearbox it is necessary to produce splined

couplings with very small diameters which, as such, are
subject to wear;

~ the architecture of the gear train carrier structure 1s
relatively complex to minimise 'misalignmentS' between ' the
planet gears under load and sensitivity to construction
errors; ' _

-~  plain bearings have a very low tOleranééftQ'CCHtamination 
and;can'give-rise to catastrbphic and almost instant failures;'
'— ~an auﬁxiliary supply' of lubricant 1s required to prevent

damage to the plain bearings 1f the main 1ubricationﬂsystem 1S

not operating (i.e. while standing on the runway in the

presence of wind or in case of failure), 'with consequent

increase in weight and complexity of the engine.

Other solutions maintain bearings of rolling type, but in

order to reduce the dimensions of the planet gears they use

two planet gear arrays, instead of one, arranged on opposite

sides of an annular plate. In particular, the planet gears are
mounted by means of the aforesaid rolling bearings 6n
respective pins, which extend in cantilever fashion with
respect to the plate and parallel to the axis of the gearing.
A solution . of ‘ this type 1s Kknown, for example, from

EP2339208A1l, which corresponds to the preamble of claim 1.

The rotational torgue 1s transmitted between the plate and a
rotating transmission member by means of connection elements
which are substantially parallel to the axis of the gearing,

are generally called “tenons”, and are fixed with respect to

the plate.

An example of this type of embodiment 1s visible 1n
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W02002/079644.

In ideal conditions, this system balances the bending moments

between the two arrays of planet gears and allows only a shear

load to be relieved on the plate. However, in practice, the

rigid connection between the tenons and 't.:he plate tends to

make the plate bend during operation.

This bending has’ the effect ~of causing the_ axes of the pins

that support the 'planet‘ gears to bend, which 1leads to

| u'nd.'esi‘rable uribalanéing between the loads on the 'planet gears

‘between 'the two arrays, which giVes',rise to undesirable

reaction stress in the connection area between the pins and
the plate.

- To ovexrcome the effects caused by bending of the plate, its

- thickness could be increased. However, 1t 1s preferable not to

exceed certain limits of thickneSs, as an axial dimension of
the plate that 1s too large would make ‘ope'ration thereotf
particularly susceptible to construction errors (in particular
to positioning errors of the planet gears, which again
translate 1i1nto significant overloads on the same planet

gears) .

‘The most widely used solution to reduce unbalance of the loads

p—

on the planet gears is the use of a configuration called “flex

'pin”, in which the pins supporting the planet gears have the

ability to bend locally to automatically offset the effects of
bending of the plate. '

Unbalance of the loads on the planet gears can also be caused
by radial deformations of the ring gear with which the planet
gears mesh. In particular, the ring gear is constituted by a
single part or by two half-rings fixed to each other and

comprises an outer flange, one side of which 1s fixed to a

transmission member for torque output.
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Extraction of the torque on one side generates a radial
deformation which is asymmetric with respect te the centreline
plane. This deformation asymmetry leads to torque being
transmitted to a greater extent on one array of pianet gears
with respect’to.the other and therefore to one array of”planet |
gears being subject to greater.“stress.‘ This problem 1is
normally solved by mounting an additional fin on the outer
.fla'nge, on the opposite side with respect to.' that of the

transmission member for motion output. However, this fin

~causes an increase in the number of components of the gearing

and in the assembly tiines, and not always manages to optimise
balancing ofithe torque transfer paths.

DISCLOSURE OF INVENTION

The object,of the present invention is to provide an epicyclic
gearing that enables the problems indicated above to be solved

simply and inexpensively, through solutions that can be used

in addition or in alternative to the “flex pin” configuration,
and so as to offset construction errors due to machining
tolerances and/or obtain a significant reduction in weight.

BRIEF DESCRIPTION OF THE DRAWINGS

The 1invention will now be described with reference to the
accompanyihg drawings, which illustrate a non-limiting example-
of embodiment thereof, wherein:

- ' "Fi1ig. 1 1llustrates, 1in CTOSS section, a preferred
embodiment of the epicyclic gearing aecording to the present
iﬁvention; |

- Fig. 2 1is analogous to Fig. 1 and shows, with parts
removed for clarity, a variant of the epicyclic gearing of
Fig. 1;

- Flgs. 3 and 4 are perspective views showing,
respectively, two components of a planet gear carrier
structure of the epicyclic gearing of Fig. 1;

- Fig. 5 1s a front view of the planet gear carrier

structure of Fig. 1;

- Fig. 6 shows, 1n cross section, a detail relating to a
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further variant of the epicyclac gearing'of Fig. 1;

- Figs 7 and 8 show re-spéctive variants of a ring gear

of the eplcycllc gearing of Fig. 1.

| BEST MODE FOR CARRYING OUT THE INVENTION

With reference to Fig. 1, the numeral 1 indicates, as a whole,
an epicyclic gearing comprising a plurality of'planet gears 2,

which are arranged about an axis 3, rotate about respective

axes 4, parallel and eccentric with respect to the axis 3, are .

supported by a planet gear <carrier or gear train carrier

strUCture'S,,and,mésh,don the outside, with a*ring_gear 6 and,

‘on the inside, with a sun gear 7. Preferably, the axes 4 are

angularly equidistant with respect to one another about the

axis 3.

With reference to Figs. ) 1  and ‘3, the structure 65 comprises a

fastening body 8, which terminates axially with a portion 9

. defining a coupling to connect the gearing 1 in an angularly

fixed manner to a rotating member, mnot 1i1llustrated, for

example to a motion output shaft. In the particular example

illustrated, the portion 9 is tubular, to be fitted around

this shaft, and internally defines a splined coupling 10. In

alternative to the splined coupling, the fastening body 8 can

have a flanged coupling or other type of coupling.

The fastening body 8 also comprises a bell-shaped intermediate
portioﬁ 11, and ends with a plurality of finger portions 12,
which are connected to the portion 11, extend in cantilever
fashion in directions substantially parallel to the axis 3 and
are arranged 1in 1ntermediate angular positions bétween the
axes 4. -

With reference to Figs. 1 and 4, the structure 5 also
comprises a single ring 15, which 1s coaxial with the
fastening body 8 along the axis 3 and has a plurality of plate
Sectors 16. The plate sectors 16 extend in a plane P
orthogonal to the axis 3, and are defined by thin walls, 1i.e.

with a thickness of less than 10 mm (typically a thickness of
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5-7 mm) for a size of 15 MW with two arrays of three planet

gears each. The plate sectors 16 are intercalated angularly Lo

~joint devices 18, which couple the ring 15 to the finger

portions 12,-as will be better ekplained_bélow.

The ring 15 comprises, for each ‘planet ' gear 2, a respective |

~hub or pin 19, which is preferably made 1n one piece ,with a

corresponding plate sector 16, extends in cantilever fashion

‘along the axis 4 and is connected to this plate sector 16 ‘by

means of a projection or step 20. The step 20 defines an axial

shoulder 21 against which the inner ring 22 of a rolling

bearing 23 rests. As shown 1in Fig. 1, the ring 22 1is coupled

- to the outer 'cylindrical. surface 24 of the pin 19, while ‘the

bearing 23 1s preferably without the outer ring: 1in other

words, the outer rolling track of the of the rolling bodies 25

" is defined by an inner surface 26 of the planet gear 2.

- Preferably, the rolling bodies 25 are barrel rollers, and

therefore the rolling tracks are sphericél and thus able to

decouple the toothing of the planet gear from the déformations

under load of the pins 19.

" The pins 19 are arranéed on both faces of the plate sectors 16

and are opposed along the axes 4 so as to support two arrays
2a, 2b of planet gears, which are symmetric with respect to

the plane P on which the plate sectors 16 lie. In the example

~1llustrated, each of the two arrays 2a, 2b cOmprises three

planet gears 2, but the solution proposed 1is éompatible with

any number of planet gears.

Again with reference to Fi1g. 1, preferably each pair of
coaxial pins 19 defines an axial passage 28 engaged by
connection devices (not 1illustrated), which block the inner

rings 22 of the bearings 23 respectively against the shoulders
21. '

Preferably, the toothings o©f the planet gears 2 are
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'cylindrical with straight'teeth.

Returning now to the joint devices 18 shown in Figs. 1 and 5,

each of these transfers the shearing actions (tangential

-fOrcee-) | '.and' therefore the toque between the ring 15 and the

fastening body 8, but defines at least one degree of freedom

which enables a relative movement under load between the ring

15 and the fastening body 8, so as to prevent bending moments

"-by' the fasten_ing body 8 to the ring 15 and therefore ’prevent

bending on the plate sectors 16.

Eech.'joint device i8 18 farranged‘ angularly 'between two
'adjecent axes 4. Therefore, the number of Jjoint devices 18 1is
equal to the number of planet gears 2 present in each array-.
2a,2b. Each joint device 18 enables a connection or relative
rotation between the finger portion 12 and the ring 15 about

an axis 32 which is radial with respect to the axis 3.

In the example shown; each joint. device 18 1s defined by a

‘respective cylindrical hinge 30, comprising a hinge pin 33,

which extends along the axis 32 and has an intermediate
portion 32 engaging a hole 35 made in the end 36 of the finger

portion 12.

The joint devices 18 comprise respective coupling or hinging
portions 44, which are part of the ring 15 and are alternated
with the plate sectors 1'6\ in circumferential direction about
the axis 3, 1.e. they separate the plate sectors 16 from one
another. The portions 44 area substantially ' rigid to bending,

as they have a greater thickness than the plate sectors 16 1in

‘direction parallel to the axis 3 (Fig. 4).

The portions 44 are preferably made in one piece with the
plate sectors 16 and each comprises a respective pair of walls
39 having respective holes 38. Each hinge pin 33 ends with two

opposite portions 37, which respectively engage the holes 38.
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The walls 39 are preferably arranged as an extension of the

inner edge and of the outer edge of the plate sectdrs 16 and

are substantially orthogonal to the axis 32.

—

The portions 44 have respective seats 41, which are defined
radially by the walls 39 and are each engaged by a respe’ct‘ivé |
end 36. . '

Each portion 44 also comprises a respective pair of walls 42,

which define in tangential direction the seat 41 (Fig 4) and

are spaced from the corresponding ends 36 so as to leave the

finger portion 12 a"certain clearance' in tahgential direction

- and therefore freedom to rotate about the axis 32.

Preferably, eaCh joint - device 18 also comprises bushings

~and/or spacers 43 (Fig. 1) which are made of a material with

low friction coefficient, couple the hinge pin 33 to the walls
39 and/dr to the end 36 of the finger'portion-lz,-and'perform
the function of protecting the connection or joint from wear
and of also being a sacrificial safety element in case of

faxlure.

Alternatively to the cylindrical hinge 30, each jdint device

18 is defined by a respective ball joiﬂt.

Fig. 2 shows a variant in which the configuration of the sun
gear 7 and of the ring gear 6 are different, for different

couplings and uses of the gearing 1.

Moreover, in alternative to the pins 19, which  are
substantially rigid and requlre the use of bearings with
barrel-rollers to offset their deformation -under load, a

variant such as that shown in Fig. 6 could be provided, which

‘uses 1in the pins 19a solutions with 1local flexibility, 1n

particular a configuration of the “flex pin” type to support
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the planet gears 2. This configuration, which is more complex
with respect to those i1llustrated above, enables the use of
bearings 2332, wilc¢h autonomousiy are unable to offset
mlsallignments petween the inner and outer rolling seats of the

5 rolling bodies andé therefore with ro_ling bodies different
from the barrel-recllers., In this c¢ase, the planet gears 2
could have toothings that are not straicght.

Returning to Fig. 1, the ring gear 6 comprises a tubular
10 element 51 which carries, on the 1nner surface thereof. two

toothings 52,53, which mesh with the toothings of the planet

gears 2 ©f the arravs Za and, respectively, 2b. Preferably,

the tubular element 51 is defined by a single piece.

Alternatively, it could be constituted by twe pleces, on which
15 the toothings 52, 53 are respectively produced.

The ring gear b6 also comprises a fastening element 55, which
18 made in once piece with a part of the tubular element 51,
and extends in cantilever fashion from an outer cvlindrical

20 surface 56 @f the tubular element 51. The fastening element 55
ends with a fastening flange 57, which extends orthogonzlly to
tne axis 3, 1s connecte2d o & ftransmission memher (not
lilustrated) for motion output and 1s preferably provided with
holes for respective connection holts.

25
The fastening element 55 comprises a connecting flange 58,
wiilch extends 1in cantilever fashion from the surface 56 1n a
position spaced from the plane P, The fastening element 55
also comprises a tubular portion 58, which is cecaxial to the

30 tubular element bl and J0o1ns the outer edge 60 of the flange
58 to an edge 61 of the flange 57. advantagecously, the tubular

porticon 5% has a greater defeormability than that of the
flanges 57,58 and of the tubular element 5l, so as to allow a
certaln degree of freedom of relative movement between the

35 transmigsicn member for motion output and the tubular element
51.

Duration: 06.09.2012 14:59:20 - 06.09.2013 15:03:08. This page 5 of IAMENDED SHEE [:013715:01:06
Recelved at the EPO on Sep 06, 2013 15:03:08. Page 5 of 13
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The ring gear 6 comprises at least one rib or prOJectlon 65,
which 1s made 1n one plece with a part of the tubular element
51, and extends radlally outward from ~the surface 56 1in
addition to the fastening elemen\tjl 55 The rib 65 1S arranged
on the opposite half of the tubular element 51 with respect to
that of the fastening'element 55. '

Preferably, the projection 65 extends with continuity along a

circumference about the axis 3.

The pesition in direction parallel to the axis 3, the radial

dimension, the axial dimension and the number of ribs 65 on

the surface 56 are determined 1in the design phase so as to
1ocally stiffen the tubular element 51 and to ensure that the
radial deformation of the tubular ~element 51 at the two
toothlngs 52,53 1s symmetrlcal with respect to the plane P. In
general, the radial dimension with respect to the surface 56

is'equalibetween all the ribs 65.

The rib, or ribs, 65 are arranged in asymmetric positions with

respect to the plane P so as to add rigidity which offsets the

deformation unbalance that would be caused by extraction of

the torque lmplemented on one side of the flange 58. The ribs
65 thus restore an identical torque path between the arrays
2a,2b. In fact, " without the ribs 65 there would be a

preferential torque path, 1.e. where the greatest rigidity is

present, in the half in which the fastening element 55 is

fixed, resulting in greater stress of the array 2a with

respect to the array 2b.

- The wvariant of Fig. 7 has the following differences with

respect to the configuration of the rlng gear 6 of Fig. 1:

- the flange 57 extends radially inward from the end of

the'tubular_portlon 59, instead of outward;

- the number of ribs 65 added to the fastening element 55
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is three, 1nstead of one; one of the three ribs 65 is'arrahged
on the same side of the flange 58 with reapect to the plane P;
the other two ribs 65 are arranged on the opposite side; the
greater number and the position of the ribs 65 tends to ‘maké
the radial deformation of the tubular element 51 in a |

direction parallel to the axis 3 more uniform;

B the tubular portion 59 has a plurality of holes 68 for

lubricant drainage.
Naturally, the differences 1listed above can be applied

independently from one another.

The variant of Fig. 8 has the following differences with

respect to the configuration of the ring gear 6 of Fig. 1=

. the fastening element 55 is defined by a fastening
flange 69, which extends radially outward from the surface 56,
so that t-_his. variant has no tubular portion (substantially as
in Fig. 2); the transmission member for motion output is
indicated with the reference number 70, is resting‘bn‘an axial
side of the flange 69 and 1is fixed to the flange 69, for
example using bolts. '

- the flange 69 1is axially moved maway from the plane P,
in Opposite direction to the position of the transmission
membexr 70; ‘

- two ribs 65 there are preferably provided, arranged on
opposite sides of the plane P;-in particular, the two ribs 65
are arranged at the axial ends of the tubular element 51 and
have different axial dimensions from one’another;

- preferably, the axial dimension of each of the two ribs
65 1increases moving radially toward the surface 56: for
example, the ribs 65 have respective concave lateral surfaces

tangent to the surface 56.

"From the above, the advantages of the configuration of the

gearing 1 are evident.

The degree of freedom defined by a connection between the



10

15

20

25

30

35

CA 02853878 2014-04-29

WO 2013/065024 PCT/IB2012/056123
12

- planet gear carrier ring 15 and the fastening body 8 prevents

the transmission of bending to the ring 15. In other woxds,
this _connecti_on ensures uniform tensile/compressive stress on
the ring 15 and eliminates bending, which would instead be

produced by rigid connections.

Therefore, if the gearing 1 1s compared with solutions already

having a planet gear carrier plate,' known 1in industrial

applications and for wind turbines, there is no load unbalance
between the two arrays 2a, 2b of planet gears, as the absence
of bending i1n the ring 15 implies‘ zero relative displacement
in tangential direction' between . two coaxial planet ’gears

belonging to the different'arrays 2a,2b.

The fact of eliminating the bending actions coming from the

- fastening body '8 also allows the ring 1'5',. in particular the

plate sectors 16 that'support the pins 19, to be produced with

very limited thickness.

This means ' a ring .15 'is obtained with very low flexural
rigidity, in particular in the areas in which the pins 19 are
connected. In particular, the reduction in flexural rigidity
is concentrated 1n the sectors 16, which are separated from
one another by the portions 44, while the portions 44 remain
substantially rigid, in particular due to their dimensions. In-
greater detail, the 7reduction of flexural rigidity 1is

concentrated, for each sector 16, in tvéo. areas which are
arranged on opposite sides of the respective pin 19, 1in
circumferential direction, as the outer diameter of the step
20 1s substantially the same as the radial dimension of the

plate sector 16 (Fig. 4).

The cross sections of each of these areas are rectangular,
considering section planes perpendicular to a line which, on
the plane P, joins the centre of the connection, defined by

the hinge pin 33, with the centre of the pins 19, i.e. with
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the axis 4. The thickness s in axial direction is small, i.e.
the cross section where the moment of inertia I is minimum
(where I = b’ * h / 12) has a thickness s and a width h which

comply with the following geometric ratio: h > 5%*s.

As flexural rigidity is the determining element 1in
quantification of overloads on the planet gears 2 in the
presence of manufacturing errors, a planet gear carrier ring

15 with very thin plate sectors 16 intrinsically ensures lower

rsensitivity and therefore high tolerance to manufacturing

errors, without having to necessarily adopt “flex-pin” type

solutions for the pins 19.

In fact, machining tolerances and assembly  errors cause a

‘deviation from optimal operating conditions, and this

deviation, 1in turn, -causes unbalance between the torque paths
between the arrays 2a,2b. In case of errors that tend to cause
a tangehtial displacement of the planet gears 2, i.e. a
rotation about a behding ax1ls orthogohal to the axis 4, the
plate sectors 16 automatically deform, due to their low
flexural rigidity, and therefore absorb these errors and

restore an acceptable operating condition.

In these operating conditions, a moment M occurs in the
joining point between the pins 19 and the plate sectors 16,
and therefore a variation of the nominal load transmitted by
the pins 19. To limit the overload with respect to the nominal
load, the moment M must be as small as possible. The greater
the flexibility of the ring 15 (i.e. low flexural rigidity)

is, the smaller the moment M will be.

In particular, by setting a maximum admissible angle 6 for
misalignment of the axes of the pins 19 with respect to ideal
directions parallel to the éxis 3, and having determined, 1n
the operating conditions, a total 1locad F on the pins 19

(inclusive of any overload with respect to the nominal load),
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the flexural rigidity K of the ring 15 must satisfy:

K < F *b / 8 .-

where b 1s the arm or distance between the centre of the plate
éectors 16 (1.e. the plaﬁe P) and the centre of the-supporting
area of the bearings 23 and/or of the pins 19, 1n direction

parallel to the axis 3.

In the present case, by setting a very low flexural rigidity K
(for example reducing the thickness. s of the plate sectors
16), the operation and reliability of the ‘gearing 1 are not
compromised, but a high tolerance to manufacturing errors 1is
guaranteed: 1n particular,‘it 1S possible to maintain the load
shai*ing_ factor between the planet g'ears 2 'at a value 1n the
order of 5%'(applications for wind turbines without taking any
measures 1nstead have a 1load sharing factor of over 20%).
TherefOré,' the solution - clailmed achileves a result with
radically enhanced“performance with respect to prior art

solutions.

Moreover, the gearing has a limited weight, due to the fact
that 't_he "tcjothings of the planet 'gears 2 do not require to
withstand overloads, and due to the limited thickness s of the

ring 15 at the plate sectors 16.

With respect to prior art soiutions for aeronautical
applicatitons, which normally use plain bearings, bearings 23
of rolling type are intrinsically more resistant to
contamination and have failure modes that are slower and, in
the majority of cases, are recognisable by the common systems
installed 1in the aeronautical engine. Therefore, 'advantages
are achieved in terms of safety and the absence of superfluous
lubricant supply systems. The fact of eliminating the outer
ring of the bearings 23 i1n any case offers a solution that 1is

compact 1n radial direction.

Moreover, the number of parts 1s relatively low, and assembly
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of the gearing 1 is facilitated through the use of gears with

straight teeth.

The configuration of the ring gear 6 also enables balan¢ing of
the load transfer paths between the two arrays 2a, 2b,

regardless of the configuration of the ring 15.

In fact,. the deformation in radial directi/on. of the tubular
element 51 can be made substantially symmetrical with respect
to the plane P between the two toothings 52,53 by 1ocally
stiffening the outside of the ring gear 6 by means of the ribs
65, which can be 'de'signed in different waYs for the wvarious

applications as a function of the operating conditions,

‘without requiring to mount additional components to the

fastening element 55. The astmetry of the fastening position
of the flange 69 on the surface 56 also enables the rigidity
of the ring gear 6 to be optimised, with respect to the

solution visible in Fig. 2.

From the above it is evident how modifications or variants can
be made to the gearing 1 without departing from the scope of

protection'as defined by the appended claims.

Each bearing 23 can have a single array of rollers (as in Fig.

1), or a double array of rollers (as in Fig. 6) .

The fastening body 8 could be configured so as to couple with
shafts of larger diameter, and/or have coupling systems of
different type to those 1llustrated. Moreover, the fastening
body 8 could be coupled to a rotating member for motion input

and not to a motioﬁ output shaft.

The asymmetric configuration of the ring gear 6 could be
applied to solutions with two arrays of planet gears where the
planet gears 2 and/or the ring 15 have a different

configuration and/or the ring'15 1s connected to the fastening
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body 8 1in a manner different from that described and
illustrated by way of example; and/or where helical gears are

provided 1in placed of straight tooth gears.
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CLAIMS
1.- Al epleovellc gearing comprising:
* g plurality of planet gears {2) arranged about =]
5 transmission axis (3) and o as to form two arravs (2a, 2bh),

whlch are symmetrical with respect to a centreline plane (F)
orthogonal to sald transmission axis (3);

« 3 fastening body (8) comprising coupling means (10) to
connect said epicyclic gearing (1) to a2 rotating member;

10 ¢ o ring (l5) coaxial to =ald fastening body (8) along said
transmiggion axis (2) and comprisgsing a plurality of plate
sectors (16) lyving on said centreline plane (P) and each
SUPPOTLLiNng a respective palr of pins (18), which extend in
cantllever Ifashion in opposite directions with respect Lo

15 the plate sector (16) and each support a respective planet
gear (2);

* connection means (18) which couple said fastening body (8)
to sald ring (15);
characterised in that:

20 - 5a1d fastening body (8) ends with a plurality of finger

portions (l2), which are substantially mparallel to saild

Cransmlission axilis (3);
- said connection means (18) are defined by a plurality of

To1nt devices, each c¢onferring a degree 0f freedom 1n
25 rotation anout a radial axis (32), €0 as to allow a relative

movement under load between sald ring (15) and sald
fastening body (8): the joint devices comprising respective
hinging portions (44), which are part o©f said ring (15) and
are alternated with salid plate SRCTOrs (16) 1N
30 circumferential direction about said transmission axis (3);
said hinging portions (44) having respective seats (41)
engaged by ends (36) of sgaid finger portions (12);
- said plate sectors (1l6) have an axial thickness (s) that is
smaller than that of gaid hinging portions (44) in direction
25 parallel to sald transmigssion axis (3).
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2 .= The epicyclic gearing according Lo claim 1,
characterised 1n that, intercepting said plate sectors (16)
with section planes perpendicular to a line that dJoins, on
sald centreline plane (P), the centre of said Foint device
5 with the centre of an adjacent pair of pins (19), the cross
section where the moment of inertia (I) is minimum has a2 width
(L} that is greater than five times the axial thickness (s).

3, - The epicyeclic gearing according to c¢laim 1 or 2,
1C characterised in that said ring (15) is made in one piece.
4, - The epicyclic gearing according to any one of the

rreceding claims, characterisced in that saild axial thickness
{(8) 1s dimensioned 1n such a way thaet said ring (15) has a
15 flexural rigidity ©f less than (F * b / 8), where:
I' = total load F on sald pins (19);
b = arm parallel to said transmission axis (3) betwesen saild
centreline plane (P) and the centre of the supporting area of
said pins ((19):
20 s
sald pins (19) with respect o directions parallel to said

maximum admissible angle for misaligmment of the axes of

transmicssiorn axis (3).

5, - The epicyclic gearing according to any one of the
25 preceding claims, characterised in that said hinging portions
(44) comprise respective pairs of walls (39), which radially

delimit said seats (41), are substantially orthogonal to said

radial axes (32) and are arranged as an extension of the inner

edge and of the outer edge of sand plate sectors (16).

30
5. - The epicyelic gearing according to any ohe o©of the
preceding claims, characterised in that eagh joint device (18)
18 defined by a ¢vlindrical hinge (30).

35 7 .- The epicyeclic gearing according to any one of <¢laims 1

Duration: 06.09.2013 14:59:20 - 06.09.2013 15:03:08. This page 7 of IAMENDED SHEE '101375:01:39
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Lo o2, characterised 1n that each joint device (18) is defined
by a ball joint,

8.~ The epicyclic gearing according to any one of the

5 preceding c¢laims, characterised in that said seats (41) have,
in  tangential direction, a dimension sgsuch as to allow a
rotation freedom about the respective radial axes (22) for
said finger portions (12).

10 g.- The epicyclic gearing according to any one of the
preceding claims, characterised in that said planet gears (2)

are coupled to respective said pins (19) by means of rolling
bearings (23).

15 10. - The epicyclic gearing acoording Lo claim g,
characterised in that said rolling bearings comprise rolling
bodies different from barrel-rollers and are supported by hubs
1n flex-pin configuration.

20 11 .- A ring gear for an epicveclic gearing, comprising:

- a4 tubular element (51) defined by a first and second half
having resgpective inner toothings (52,53}, which  are
arranged 1n sSymmetric positions with respect to a centreline
plane (P) orthogonal to the transmission axigs (3) of the

25 ring gear (6) and are adapted to mesh, in use, with
respective arrayvs of planet gears {(2a,2bh) :

- a fastening element (55), which 1s made in one piece with
sald first half, extends in cantilever fashion from an outer
cylindrical surface (56) of said first half, and ends with =z

30 fastening flange (57) which extends orthogonally to said
transmission axis (3):

characterised by comprising, in addition to said fastening
element (55):

- one rik (65), which extends radizallyv ocutwards from the outer
35 cylindrical surface (56) of said first half;
- two ribe (65), which extend radially outwards from an outer

Duration: 06.09.20132 14:59:20 - 06.09.2013 15:03:08. This page 8 of IAMENDED SHEE [:013715:01:56
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cvlindrical surface (58) of said second halcf.

12, - The in0g gear according to claim 11, characterised in

that sald ribs (56) are ocontinuous  in circumferential
5 direction.

13, - The ring gear aceeording to  claim 1l or 12,

characterised in that sald fastening element (55) comprises a

rubular portion (5%) coaxial to said tubular element (51) and
10 having a greater deformability than that of said fastening

flange (58) and than that of said tubular element (51).

Duration: 06.09.20132 14:59:20 - 06.09.2013 15:03:08. This page 9 of IAMENDED SHEE ['013715:02:07
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