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(57) Abstract: An epicyclic gear carrier assembly for use in an epicyclic gear train of a gas turbine engine, the epicyclic gear
train (12) having a central axis and a plurality of epicyclic gears (18) rotatable about individual gear axes (34). The epicyclic gear
& carrier assembly (24) comprises at least a carrier plate (26) defining a plurality of circumferentially spaced axle bores (32) which
& are disposed radially outward from the central axis and are co-axial with the individual gear axes (34). A plurality of corresponding
gear axles (34) are disposed within the axle bores (32), and the plurality of epicyclic gears (18) are rotatably mounted to the gear
axles (34) via bearing elements (36). An epicyclic carrier member (40) comprises a plurality of axle engaging elements (54) that are
co-axial with the gear axles (34) and are engaged thereto by load transmission members such that load is transferred from the gear

axles (34) to the epicyclic carrier member (40).
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COMPACT EPICYCLIC GEAR CARRIER

TECHNICAL FIELD

[0001] The present invention relates generally to
epicYclic gearboxes, more particularly, to a more

compact gear carrier in an epicyclic gearbox.

BACRGROUND OF THE INVENTION

[0002] Epicyclic gearboxes are well known and are
frequently used for their compact design and efficient
high transmission ratio capabilities which is
particularly ﬁseful in the environment of gas turbine
engines. Epicyclic gear trains are also advantageous
due to their versatility. Planetary and star gear
trains are alternate arrangements used in epicyclic
gearboxes. Both generally comprise three gear train
elements: a central sun gear, an outer ring gear, and
‘a plurality of planet gears .supported by a planet .
carrier between and in meshing engagemént with Eoth the

sun gear and the ring gear. A rotary input can be‘
connected to any‘one of the three elements. Holding
one of the remaining two elements stationary with
respect to the other two, permits the third to serve as
an outpuﬁ. In planetary gear trains, the central sun
gear provides the input, the outer ring gear is held
stationary, and the planet gears that rotate
therewithin cause their planet carrier to rotate, which
provides the reduced speed rotary output. In star gear
trains, the sun gear provides the input. However, the
planetary carrier 1is held stationary, and the outer
ring gear provides the rotary output in a direction

opposite that of the input sun gear.
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[0003] While conventional epicyclic gear trains are
significantly compact, particularly in relation to
their high gear reduction capabilities, in relation to
other types of gear trains, potential improvements
remain possible in order improve the compactness of

such gear train arrangements.

[0004] Further, certain shortcomings exist with known
epicyclic drive trains. For example, as with many
mechanical elements that transfer torque, a small but
nevertheless significant amount of torsional deflection
commonly occurs due to the elastiéity of the material
of the carrier, as a result of twist between upstream
and downstream plates of the gear carrier, when the
gear train is under load. The gear carrier generally
twists around its cgntral axis, causing the individual
axis of rotation of the gears to lose parallelism with
the central axis of the gear{carrier. This torsional
deflection results in misalignment at gear train
bearings and at the gear teeth mesh, which leads to

efficiency losses and reduced life of the parts.

[0005] Attempts to address this problem of planetary
carrier torsional deflection are known. U. S. Patent
5,466,198 issued Nov. 14, 1995 to McKibbin et al, for
example, clearly sets out the problem and proposes a
planetary gear train drive systém which isolates the
planétary carrier from torsional deflections. A torque
frame or torque transfer structure is connected to a
rotating load, such as a bladed propulsor. Pivotal
joints, circumferentially disposed with respect to the
carrier, each pivotable about a radial axis, connect
axially extending arms of a torque frame to the

planetary carrier. The pivotal joints permit the
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planetary carrier to be isolated from torsional
deflections. However, further reductions in the
torsional deflections resulting in the planetary

carrier are possible.

[0006] There remains a need for a more compact epicyclic
gear train arrangement that is capable of transferring
torque <whi1e further  reducing torsional deflections

"therewithin.

SUMMARY OF THE INVENTION

[0007] It is an object of the present invention to
provide an improvedA epicyclic gear train having a

compact arrangement of planet gears.

[0008] It is another object of the present invention to
provide a planet gear carrier and torque transfer

member having reduced torque induced twist.

[0009] Therefore, in accordance with the ©present
invention, there is provided an epicyclic gear carrier
assembly for use in an epicyclic gear train of a gas
turbine engine, said epicyclic gear train having a
central axis and a piurality of epicyclic gears
rotatable about individual gear akes, said epicyclic
gear carrier assembly comprising: at least a carrier
plate defining a plurality of circumferentialiy spaced
axle bores being disposed radially outward from said
central axis and each axle bore being co-axial with
said individual gear axes, a plurality of corresponding
gear axles being disposed within said axle bores and
each of said epicyclic gears being rotatably mounted to
a corresponding gear axle via bearing elements; and an

epicyclic carrier member comprising a plurality of axle
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engaging elements co-axial with said gear axles and
engaged thereto by load transmission members such that
load is transferred between said gear axles and said
axle engaging elements while substéntially‘ bypassing

said carrier plate.

[0010] There is also provided, in accordance with the
present invention, an epicyclic gear carrier assembly
comprising: at least one carrier plate defining a
plurality of circumferentially spaced axle Dbores
therethrough disposed radially outward from a central
axis; a plurality of corresponding gear axles being
disposed within said axle Dbores for rotatably
supporting a plurality of epicyclic gears thereon; and
an epicyclic carrier member comprising a plurality of
axle engaging eléments co-axial with said gear‘ axles
and engaged thereto by load transmission members such
that load is transferred between said gear axles and
said axle engaging elements while substantially

bypassing said carrier plate.

[0011] There is further provided, in accordance with the
present invention, an epicyclic gear carrier aésembly
for used in an epicyclic gear train of a gas turbine
engine having a sun gear rotatable about a central
axis, a ring gear, and a plurality Qf epicyclic gears
each rotatable about an individual‘axis of rotation,
said ebicyclic gear carrier assembly compriéing: a
plurality of gear support means each having one of said
epicyclic gears rotatably mounted thereto by bearing
elements such that said gear support means are co-axial
with said dndividual axis of rotation, said gear
support means being engaged to at least one carrier

plate;  and an epicyclic carrier member having a
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plurality of circumferentially spaced gear engaging
means which axially extend and are disposed radially
outward from said central axis, each of said gear
engaging means being co-axial with one of said gear
support means and engaged thereto by a deflection
isolating load transmission means, such that load is
transferred between said gear support means and said
gear engaging means while substantially bypassing said

carrier plate.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] Further features and advantages of the present
invention will become apparent from the following
detailed description, taken in combination with the

appended drawings, in which:

[0013] Fig. 1 is a schematic cross-sectional view of a
gas turbine engine having an epicyclic gear carrier

assembly according to the present invention.

[0014] Fig. 2 1is a detailed cross-sectional view of the
epicyclic gear carrier assembly according to the

present invention, taken from area 2 of Fig. 1.

[0015] Fig. 3 is a detailed cross-sectional view of "an
alternate embodiment of an epicyclic gear carrier

assembly according to the present invention.

[0016] Fig. 4 is a partial cross-sectional view of a
turboshaft engine gearbox having the epicyclic gear

carrier assembly of Fig. 2.

[0017] Fig. 5 is a partial cross-sectional view of a
multi-stage turboprop engine gearbox Thaving the

epicyclic gear carrier assembly of Fig. 2.
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

[0018] In Fig. 1, a turboprop gas turbine engine is
schematically depicted, comprising an epicyclic
geartrain 12. The preferred embodiment of the present
invention is particularly adapted for use in turboprop
and turboshaft gas turbine engines, and may be used in
split, offset or in-line gearboxes. Epicyclic
geartrains are well known in gas turbine applications,
and generally comprise a sun gear, a ring gear, and at
least two carrier gears supported by an epicyclic
carrier, all of which will be described in further
- detail below with reference to the present invention.
Such epicyclic geartrains can comprise one or several
stages, and generally have either a planetary or star
arrangement. It will be understood herein that a
planetary geartrain is an epicyclic geartrain wherein
the outer ring gear is fixed 1in place, such that
rotation of the sun gear causes the planetary gears to
revolve within the outer ring gear, thereby rotating
the planetary carrier supporting the circumferentially
spaced planet gears. Depending on whether a rotational
speed reduction or increase is desired, the sun gear
can act either as input or output. By contrast, in a
star geartrain arrangement, the carrier is held
stationary, and the outer ring gear 1is permitted to
rotate. Similarly, either the central sun gear or the
outer ring gear can provide input to the epicyclic star

geartrain.

[0019] The epicyclic geartrain as seen in Fig. 2 is a
planetary geartrain 12 generally including a central
sun gear 14, an outer ring gear 16, and a plurality of
planet géars 18, <rotatable about individual gear

3

rotation axes 20, that are circumferentially spaced

- 6 -
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about the central sun gear 14 and in meshing engagement
with both the central sun gear 14 and the outer ring
gear 16.° A central axis 22 longitudinally extends

through the planétary geartrain 12.

[0020] Planetary gear carrier assembly 24 supports and
retains the plurality of planetary gears 18, and
generally comprises a pair of carrier plates 26 axially
spaced apart by gap 28, a plurality of gear axles 34
and a planetary carrier member 40. Unlike most
epicyclic gear carriers, the carrier plates 26 are
generally free from gear load and act merely as an
integrity-providing frame for the planetary gear
carrier assembly 24. The carrier. plates 26 can
accordingly be substantially smaller, lighter, and
generally less robust than conventional epicyclic gear
carriers, as they are not required to bear much gear
load. Furthermofe, a single cafrier plate 26 can be
used. The carrier plates 26 generally comprise
corresponding central apertures 30, through which the
central sun gear 14 can be disposed, and a plurality of
corresponding axle bores 32 which are circumferentially
spaced around the generally annular carrier plates 26,
radially outward from the central apertures 30. The
gear axles 34 are disposed within these axle bores 32
and fasteﬁed to the carrier plates 26 using nuts 35.
The gear axles 34 preferably have double roller
bearings 36 thereon, within the gap 28 defined between
carrier plates 26. The roller bearings 36 support the
plurality of epicyclic gears 18 on the gear axles 34.
To assemble the planetary gear carrier assembly 24,
each subassembly, comprising a planet gear 18, roller
bearings 36 and a spherical bearing 54, is first

assembled and attached to one of the carrier plates 26

-7 -



WO 2005/012761 PCT/CA2004/001018

by one of the nut 35. The other carrier plate 26 is
then placed on top and clamped in place by nuts 35.
This planet gear assembly, which is Quided generally
only by the sun and ring gears, is then mounted onto

the carrier 40.

[0021] While five planet gears 18 are wused in the
described planetary gear train 12, as few as two such
gears can similarly be used. More than five planetary
gears 18 can also be provided, the total number
employed depending largely on space and weight
considerations of the gear train and/or the particular
application for which it is intended to be used.
However, generally five ©planetary gears 18 are
preferably wused. The present epicyclic gear carrier
assembly'24 permits the epicyclic gear bearing load to
be reduced without changing the gear size, as more
epicyclic gears 18 can be accommodated in the same
space‘ usually required for fewer gears. The exact
number of planet gears 18 is not critical. The
arrangement of the present invention allows for the
maximum number of gears to be employed in the given
space. By linking the planet gears 18 with the carrier
member 40 as describe below, the space between adjacent
planet gears can be reduced to a minimum. This allows
the addition of another planet gear in comparison with
a conventional planetary carrier bf a similar size.
The additional planet gear for the same size carrier
assembly results in reduced load requirements per
planet gear, which means that smaller sized gears,
nbearings and other components can be used. These
reductions in gear size, and therefore weight, more

than compensate for the extra weight of the additional
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planet gear, and accordingly enable significant overall

weight savings.

[0022] The planetary carrier member 40 has a central
output element 42, a flange element 48 substantially
radially extending from the central output element 42,
and a plurality of axle engaging elements 50, which
generally comprise axle pins 51 corresponding to the
number of epicyclic gears 18 employed. The axle pins
51 are generally parallel to the 1ongitudinal central
axis 22 and define and control each individual planet
gear rotation axis 20, being coaxial therewith In
particular, the axle pins 51 are sized to at least be
‘partially inserted within the central bores 37 of the
axle gears 34, and are engaged therewithin by
deflection isolating load transmission members 52. In
the embodiment of Fig. 2, such deflection isolating
load transmission membérs 52 comprise preferably
spherical be’arings 54, fixed within the central bore 37
of the gear axles 34, thereby providing a pivotal joint
between the gear axles 34 and the ‘epicyclic carrier
member 40. Such an articulated 1link enables torque
induced deflection to be substantially limited to the
axle engaging elements 50 and the flange element 48 of
the planetary carrier member 40. The planet géars 18
and ﬁheir axles 34 are thereby completely isolated from
this twist, the gears 18 being guided and aligned by

the central sun gear 14 and the outer ring gear 16.

[0023] The planetary carrier member 40 is preferably
composed of a one-piece construction such that the
output element 42, radially extending flange element
48, and the axle engaging elements 50, which include

the axle pins 51, are all integrally formed. The
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central output element 42 of the epicyclic carrier
member 40 comprises an inner splined diameter 44 for
' fixed engagement with a central output shaft element
46, which provides torque output from the epicyclic

gear train 12.

[0024] Referring mnow to Fig. 3, the epicyclic gear
carrier assembly 24 comprises an alternate deflection
isolating load transmission member 52. in particular,
the spherical bearing 54 of the embodiment depicted in
Fig. 2 is replaced by a flexible element 60. The
flexible elemenf 60 is preferably a generally U-shaped
double sleeve. However, any other structure that can
be deflected such that torque load induced deflection
in the remainder of the epicyclic gear carrier assembly
24 is at least significantly reduced, thereby
minimizing misalignment of the meshing gear teeth.
Although generally less misalignment‘can be absorbed by
the flexible element 60 than by the spherical bearing
54 in the embodiment of Fig. 2, the flexible element 60
nevertheless provides a simpler joint which further
reduces cost and weight of the assembly. The U-shaped
double sleeve, flexible element 60 comprises an outer
sleeve rim 61 for engagement with the gear axles 62 and
an inner sleeve rim 63 for engagement with the axle
pins 51 of the epicyclic carrier member 40.
Preferably, the outer sleeve rim 61 is engaged with the
gear axle 62 by an integral Jjoint 64 formed
therebetween. The inner sleeve rim 63 engages surface
66 formed on the outer diameter of the axle pins 51,
and is fixed therein by retaining nut 65. Although the
axle pins 51 are shorter in the embodiment of Fig. 3,
their joint with the flexible element 60 is otherwise

similar to the joint between the spherical bearing 54

- 10 -
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and the axle pins 51 as depicted in Fig. 2. In the
embodiment of the epicyclic geér carrier assembly 24
depicted in Fig. 3, the gear axles 62 are preferably
integrally formed with a forward or downstream plate of
the carrier plates 26. The roller bearing eiements 36
disposed on the outer diameter of the gear axle 62 are
fixed in place by bearing retaining nuts 69. It is,
therefore, to be understood that gear axles used to
support the epicyclic gears 18 of the present invention
can either be integrally formed with at least one of
the carrier plates 26, or can be discrete elements

fastened thereto.

[0025] Referring to Fig. 4, a turboshaft gearbox 68 is
}depicted having a planetary gear train portion 12
comprising the }planetary' gear carrier aséembly' 24 as
depicted in Fig. 2 and described above. As previously
described, the central sun gear 14, which is driven by
the engine through the upstream stages of the gearbox,
meshes with the plurality of epicyclic gears 18 whiéh
are disposed to rotate about individual gear rotation
axes 20. The gears 18 are supported by roller bearings
36 on gear axles 34 into which axle pins 51 of an
alternate epicyclic carrier.member 70 are disposed. A
spherical bearing 54 permits an articulated Jjoint
between the axle pins 51 and the gear axles 34, such
that torque loading induced deflection can be largely
absorbed by the articulated joint, permitting the
epicyclic gears 18 to be completely isolated from
twist. The epicyclic carrier‘member 70 comprises axle
engaging elements 50 as per the previously described
versions of the epicyclic carrier member 40. However,
the alternate épicyclic carrier member 70 comprises a

flange 71, radially outwardly spaced from the axle

- 11 -
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engaging elements 50, and having spline 74 thereon for
engagement with an output element 72 such that relative
movement between the carrier and the main rotor output
shaft 46 1is permitted. This provides a free spline
output coupling. The output element 72 comprises a
radially extending flange 75 having a splined outer
surface 73 for engagement with the inner spline 74 of
the outer flangé 71 of the epicyclic carrier member 70.
The output element 72 further comprises a radially
inner output bore having an inner spline 76 therein,
for engagement with the epicyclic gear train output
element 46. The output element 46, in the case of the
present turboshaft gearbox 68, generally provides
torque output to the rotor Dblades of a helicopter

having such a turboshaft gearbox 68.

[0026] Referring now to Fig. 5, a turboprop split-path
gearbox 80 is depicted having first planet and second
star reduction stages 82 and 84 of an epicyclic gear
train, at least one stage of which comprises an
epicyclic gear carrier assembly 24 according to the
present invention. The first planet reduction stage
82, as previously described with regard to the general
epicyclic geartrain 12 of Fig. 2, receives torque input
from a central sun gear 14 which i1s in meshed
engagement with a plurality of planet gears 18,
disposed to rotate about individual gear rotation axes
20, and which are mounted to gear axles 34 by a pair of
roller bearings 36. The gear axles 34 are pivotably
linked with axle pins 51 of the planetary carrier

member 40 by spherical bearings 54.

[0027] The planetary carrier member 40 provides torque
output- from the first stage 82 wvia the integrally

- 12 =
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formed output element 42, which is in splined
engagement with the prop shaft 46. The ring gear 16 of
the first reduction stage 82 is, however, permitted to
rotate and is fixed via a free spline coupling 81 to
the star sun gear 88 of the second star reduction stage
84. The inner ring gear 88 is in meshing engagement
with a plurality of star gears 86 which, as in the

first reduction stage 82, are supported by roller

bearings 36 mounted on gear axles 34. The gear axles
‘34 are mounted in axle bores 32 disposed
circumferentially between the carrier plates 26. The

gear axles 34 have a central bore within which axle
pins 51 of axle engaging elements 50 project, the axle
pins 51 being pivotably linked with the inner diameter
of the bores of the axle gears 34 by spherical bearings
54. The second star réduction stage 84 comprises a
star arrangement, whereby the star carrier 50 is held
stationary, such that the outer ring gear 90 provides
torque output from the second reduction stage 84. The
ring gear 90 is engaged with the planet carrier member
40 of Ehe first reduction stage 82 by another free
spline coupling 92. Accordingly, both stages provide
torque output to the output shaft 46 of the turboprop
gearbox 80. Such a split-path gearbox is advantageous
due its relatively small overall size. Approximately
2/3 of the power is transmitted by the first planetary
stage 82 and about 1/3 is transmitted by the second
star stage 84.

[0028] The embodiments of the inveﬁtion described above
are intended to be exemplary. Those skilled in the art
will therefore appreciate that the forgoing description’
is illustrative only, and that various alternatives and

modifications can be devised without departing from the

- 13 -
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spirit of the present invention. Accordingly, the
present invention i1s intended to embrace all such
alternatives, modifications and wvariances which fall

within the scope.of the appended claims.
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CLAIMS:

1. An epicyclic gear carrier assembly for use in an
epicyclic gear train of a gas turbine engine, said
epicyclic gear train having a central axis and a
plurality of epicyclic gears rotatable about
individual gear axes, said epicyclic gear carrier

assembiy comprising:

at least a carrier, plate defining' a plurality of
circumferentially . spaced axle bores being
disposed radially outward from said central axis
and each axle Dbore being co-axial with said
individual gear axes, a plurality of
corresponding gear axles being disposed xﬂithin
said axle bores and each of said epicyclic gears
being rotatably mounted to a corresponding gear

axle via bearing elements; and

dn epicyclic carrier member comprising a plurality
of axle engaging elements co-axial with said gear
axles and engaged thereto by load transmission
members such that load is transferred between
said gear axles and said axle engaging elements

while substantially bypassing said carrier plate.

2. The epicyclic gear carrier assembly as defined in
claim*' 1, wherein said epicyclic carrier member
comprises a substantially radially extending flange
and an output element, and said axle engaging
elements comprise axle pins axially extending from

said flange.

- 15 —
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10.

The epicyclic gear carrier assembly as defined in
claim 2, wherein said output element, said flange and

said axle pins are integrally formed.

The epicyclic gear carrier assembly as defined in

claim 2, wherein said axle pins are concentrically

disposed within said gear axles.

The epicyclic gear carrier - assembly as defined in
claim 1, wherein said load transmission member

comprises a deflection isolating element.

The epicyclic gear carrier assembly as defined in
claim 5, wherein said deflection isolating element

comprises a spherical bearing.

The epicyclic gear carrier assembly as defined in
claim 5, wherein said deflection isolating element

comprises a flexible element.

The epicyclic gear carrier assembiy as defined in
claim 6, wherein said spherical bearing defines a
central axis that is co-axial with said individual

gear axes.

The epicyclic gear carrier assembly as defined in
claim 7, wherein said flexible element comprises a

sleeve member. -

The epicyclic gear carrier assembly as defined in
claim 9, wherein said sleeve member is a

substantially U-shaped double sleeve.

- 16 -
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11.

12.

13.

14.

15.

16.

17.

The epicyclic gear carrier assembly as defined in
claim 9, wherein said sleeve member is integrally

joined with said gear axles.

The epicyclic gear carrier assembly as defined in
claim 1, wherein said gear axles are integrally

formed with one of said carrier plates.

The epicyclic gear carrier assembly as defined in
claim 1, wherein two carrier plates are provided,
said carrier plates being axially spaced apart and

defining a gap therebetween.

The epicyclic gear carrier assembly as defined in
claim 1, wherein sald carrier ©plates define
corresponding central apertures therein, radially

inward of said axle bores.

The epicyclic gear carrier assembly as defined in
claim 1, wherein said epicyclic gear train comprises
a central sun and a concentric ring gear, said
plurality of epicyclic gears being circumferentially
disposed between, and in meshing engagement with,

said central sun gear and said ring gear.

The ebicyclic gear carrier assembly as defined in
claim 15, wherein said ring gear is fixed, such that
said epicyclic gear carrier assembly rotates about
said central axis, thereby providing a planetary gear

train.

The epicyclic gear carrier assembly as defined in

claim 15, wherein said epicyclic gear carrier is

- 17 -
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18.

19.

20.

21.

fixed, such that said ring gear rotates about said

central axis, providing a star gear train.

The epicyclic gear carrier assembly as defined in
claim 15, wherein one of said central sun gear and
said ring gear provides torque input to said

epicyclic gear carrier assembly.

An epicyclic geaf carrier assembly comprising: at
least one carrier plate defining a plurality of
circumferentially spaced axle bores therethrough
disposed radially outward from a central axis, a
plurality of corresponding gear axles being disposed
within said axle bores for rotatably supporting a
plurality of epicyclic gears thereon; and an
epicyclic carrier neﬁber comprising a plurality of
axle engaging elements co-axial with said gear axles
and engaged thereto byrload traqsmission members such
that load is transferred between said gear axles and
said axle engaging elements while substantially

bypassing said carrier plate.

The epicyclic gear carrier assembly as defined in
claim 19, wherein said epicyclic gear carrier
assembly is adapted for wuse in an epicyclic gear

train of a gas turbine engine.

An epicyclic gear carrier assembly for wused in an
epicyclic gear train of a gas turbine engine having a
sun gear rotatable about a central axis, a ring gear,
and a plurality of epicyclic gears each rotatable
about an individual axis of rotation, said epicyclic

gear carrier assembly comprising:

- 18 -
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a plurality of gear support means each having one of

an

said epicyclic gears rotatably mounted thereto by
bearing elements such that said gear support
means are co-axial with said individual axis of
rotation, said gear support means being engaged

to at least one carrier plate; and

epicyclic carrier member having a plurality of
circumferentially spaced gear engaging means
which axially extend and are disposed radially
outward from said central axis, each of said gear
engaging means being co-axial with onelof said
gear support means and engaged thereto by a
deflection isolating load transmission means,
such that load is transﬁerred between said gear

support means and said‘gear engaging means while

substantially bypassing said carrier plate.

- 19 -
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